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TEXTILE 70 VASCULAR SYSTEM

[} \“EXTI LE PRINTING, the process by which a deco-

rative pattern is applied to a woven or knitted fabric
in at least one colour different from the body d the
fabric itself. This mode of decoration differs from the
formation of a pattern by weaving and knitting proc-
esses that employ threads that are already coloured or have dif-
ferent capacities for taking up dyes. The four main methods of
textile printing are block printing, copperplate printing, roller
printing and screen printing.

EARLY METHODS

Block Printing.— The origin of block printing on textiles is
somewhat obscure but it is clear that the printing of textiles by
means o blocks was developed from free-hand painting with a
brush. Wooden blocks believed to have been used for textile
printing have been found in burying grounds at Akhmim, upper
Egypt, and are said to date from the 4th century Ap. No textiles
printed by means of these blocks have, however, been found. In
Europe block printing of fabrics does not appear'to have begun
much before the end o the 12th century ap.; the chief centre
appears to have been the Rhineland of Germany.

I'n blocks used for printing, the spaces between the lines or de-
vices forming the pattern were cut away, leaving the design stand-
ing in relief, as in letterpress printing. The colour was then ap-
plied to the surface of the block and the coloured block pressed
down on the cloth. An interesting description of early block
printing on textiles is given in The Book of ¢ke Arts or Treatise on
Painting by Cennino Cennini. a document that dates from the end
of the 14th century. According to Cennini, the thickened colour
was applied to the block by means of a glove, probably made of
leather. The pigments were mixed with starch, gum (tragacanth)
or a mixture of these, or even with varnish, so that the colour
was in a viscous state and did not run from the raised portions of
the block. Cennini describes how the outlines o the patterns
were printed by block and additional colours added by means of a
brush. Later the colour was applied by a pad, either directly or by
pressing the block down on a pad impregnated with colour. Wax
resists were also printed by metal or wood blocks for indigo-resist
dyeing. This method was used in Egypt in the 9th-10th century
AD. and in Germany in the 17th century. Apart from these indigo-

resist dyed textiles. until the end of the 17th century all Euro-
pean block-printed textiles were printed with surface pigments or
oil stains that were fugitive (not fast to washing). About 1676,
however, more or less simultaneously in England. Holland and
France, the European textile printers mastered the secrets of the
complex problems of mordant dyeing with madder — the basis of
the fast-dyed, hand-painted Indian chintzes that had begun to be
imported into Europe during the early 17th century. Thereafter,
most European block-printed textiles were produced in what was
known as the "madder style."

One of the clearest expositions of block printing in the " madder
style™ is given in the supplement to John Barrow's New and Uni-
versal Dictionary of Arts and Sciences (1754). The cotton or
linen was printed with chemical substances known as mordants,
which on immersion in the vat reacted with the soluble dye to
precipitate an insoluble colouring on the cloth fibres so that the
colour remained permanently fixed in the mordant-printed areas
while the dye taken up by the unmordanted parts could be easily
removed by washing. In madder dyeing different mordants can
produce various shades of reds, pinks. purples and browns from a
singleimmersion in the dye. The different mordants were printed
one by one; the printer moved along the whole length of the cloth
printing the first mordant from one wood block, then the second
mordant from another block, and so on, until the whole pattern
was completed. The mordant-printed cloth was then immersed
in thedye. The reds, browns and purples were produced by print-
ing varying strengths of alum and iron mordants, followed by im-
mersion in the madder dye. Yellows and drabs (light brownish
colours) uere produced by the printing of similar mordants fol-
lowed by dyeing with weld, also known as dyer's weed. Blue was
produced by "penciling-in" indigo with a brush. This operation
was usually carried out by women or girls. All greens were pro-
duced by the penciling-in of indigo over yellow. To save expense,
the yellows were often blocked or painted in to avoid an additional
dyeing but with this method the yellow dye was fugitive and in
many extant 18th-century textiles the yellow has almost entirely
disappeared.

The standard method of printing madder mordants by wood
block involved the use of a "tub™ and a "sieve” |n England the
tub consisted of a sawed-off barrel but on the European continent
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a specially constructed square tub was more usual. The tub was
filled with a viscous paste, called the “swimmings,” made from
discarded colour and gum; the paste provided a sort of elastic
cushion on which rested the sieve, a wooden drum only fractionally
smaller than thetub The bottom of the sieve was a sheepskin the
upper surface a tightly stretched fine woolen cloth  An assistant.
known as “tireur” or "tearer," kept the upper surface of the sieve
constantly and evenly supplied with the thickened mordant, which
was spread on with a large brush. When the printer pressed his
block on the sieve. the swimmings in the tub provided just enough
"give" to ensure a satisfactory colouring-up of the block The
cloth to be printed was supported on a stone concrete or iron
structure covered with a thick blanket; this arrangement provided
afirm but resilient surface so that the raised surface of the block
contacted the cloth with uniform pressure over the whole area
Between the blanket and the cloth was a layer of unbleached calico
(the back gray) that absorbed the mordant forced through the
cloth  When the block was placed on the cloth the printer pave
it one or two sharp blows with his mallet or maul to impress the
mordant firmly into the cloth Pins known as pitch pins were in-
serted into each corner of the block as a guide to the printer in
matching therepeats. The blocks were generally made of layers of
strong durable woods, such as pear wood. arranged so that the grain
in each layer ran at right angles to that in the layers above and
below: this arrangement prevented warping during the successive
wetting and drying. For fine details. such as thin stems and the
outlines of flowers or leaves, strips of metal or metal pins were
inserted into the wood blocks. Elaborate "pin grounds,” aso
called ‘“picoté” or "sable" grounds, were achieved by inserting
metal pins into the block.

A method of mechanical block printing was invented in 1834 by
a French mechanic called M. Perrot. This machine, known as the
perrotine after its inventor, employed ordinary wood blocks and
was widely used in the 19th century. particularly in France, for
printing up to four colours. Each block of the design isimpressed
simultaneously in the cloth at a distance of two repeats apart.
The cloth is stepped through the machine, one repeat at a time,
to emerge with the full numbers of colours printed upon it.
Although the original machine needed five men to tend it, one
machine could print as much cloth as 24 printers and 24 assistants
using hand methods. By 1836 about 60 perrotines were in opera-
tion in Europe; and even in the early 1960s when, in spite o the
expense of the process, block printing continued to be used for
certain classes of goods. the perrotine was not quite obsolete.

Copperplate Printing. — Copperplate printing on textiles was
invented by Francis Nixon at the Drumcondra printworks near
Dublin in 1752. Although prior to 1752 maps and embroidery
designs had been printed from engraved copperplates with ordinary
printer's inks, it was not until Nixon’s invention that it was possible
to print textile designs in fast colours by printing the cloth with
thickened mordants. The designs were printed from a single
engraved copperplate. usually with a repeat of about three feet
square. in red. purple or sepia. using the madder dye; or in blue,
using indigo. by a method known in England and the United States
as "china-blue™ and on the continent of Europe as “bleu d’Angle-

terre.”” This method inv ved 1 ‘inting tt
an undissolved stai and arranging f il simultaneous reduction
and solution on tt cloth after p This was done by im-

g the printed cloth in a bath oi lime (to dissolve the indigo)
and a bath f ferrous sulfate (1 reduce it) az many times as was
necessary t achieve{ desired strength of blue.

Copperplate printing was eminently suited for the production f
large  torial designs and a fineness >f detail ani 1 acy f
drawing not possit  with the (> aritively coarse technique of
wood-block cutting. 1t was also  :d for floral 1 2 | both for
furnishing an | ess, ir  for the printing of handkerchiefs,

The textile printer’s copperplate press was little different f
t :he vy, flat-bed, rolling press used for the . ti g of engrav-
ings on paper. The plate was first inked up with the tt ke d
mordant and then was passed through the rollers in contact with
the cloth being printed. Various improvements. however. were
introduced by the textile printers to make the press more suitable
for their purposes. An important innovation was the “D” roller,
patented by Robert Kirkwood of Edinburgh in 1803. which over-
came the difficulty of getting the plate through the rollers to its
origina position without winding the cloth back at the same time.
Kirkwood's invention consisted of substituting for the lower roller
a specia roller shaved flat on one side (hence the name “D”).
On the forward passage of the plate. the round part of the roller
squeezed the plate up against the cloth for printing in the normal
way; but on the reverse passage the roller rested with its flattened
surface uppermost, thus alowing the plate to go through without
touching the cloth.

With the introduction of roller printing copperplate printing
began to die out. although it continued in use, particularly for the
production o printed handkerchiefs. well into the 19th century.

Roller Printing.— The first commercially successful patent
for a roller-printing machine was taken out in 1783 by Thomas
Bell, a Scotsman. So fundamental was Bell's invention that the
principle of his machine has been retained throughout the numer-
ous improvements and refinements introduced since that date Be-
fore 1783 several attempts had been made to replace hand printing
by mechanical means but none of them had been commercially
successful. Asearly as 1743 W. Keen and M Platt had taken out
a patent for a three-colour roller-printing machine but it does not
appear to have been developed. In France a textile printer named
J. A. Bonvalet introduced a primitive type of roller-printing
machine at his factory in Amiens about 1775. It consisted of two
rollers; the upper one was made of wood, the lower one of hollow
iron covered with a copper mantle on which the pattern was en-
graved. The lower roller was filled with red-hot iron or burning
coas and revolved in a dye bath. The cloth was passed over the
upper, wooden roller and the lower roller pressed up against it by
means of weights, levers and a cog wheel. The machine was op-
erated by hand. Bell's original specification (patent no. 1378,
1783) describes hisinvention as "a new and peculiar art or method
o printing with one colour or various colours at the same time,
on linnens, lawns, and cambricks, cottons, callicoes, and muslin,
woollen cloth, silks, silk and stuffs, and any other species or kind
o linnen cloth or manufactured goods whatever."

A second patent taken out by Bell (no. 1443. 1783) contains a
similar specification for printing "one, two, three, four or five, or
more colours," and by the following year he was able to put the
machine into practical operation with the firm of Livesey, Har-
greaves and Co near Preston, Lancashire. Strangely enough, how-
ever. the indiscriminate use of the new machines contributed to
the collapsedf thefirmin 1788. Bell's machine for rotary printing
from engraved metal rollers was fitted with a "doctor,” or steel
blade, designed to remove the surface colour from the printing
rollers while alowing the recessed, engraved parts to retain
enough colour to print a continuous length of fabric. The machine
was said to be capable of doing the work of about 40 hand printers.
Although the machine was theoretically capable of printing five or
sx colours at a time, mechanical and chemical difficulties that
existed as late as 1840 made it difficult to print more than two or
three colours simultaneously. At first the new roller-printing
machines were used mainly for small-scale dress prints, and it was

indigo on tlI cloth in
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not until the early 19th century that large-scale furnishing patterns
were produced by machine. Many o the furnishing fabrics of
the 1820s were produced from a single, stipple-engraved metal
roller, with additional colours being printed by wood blocks or
surface rollers. With James Burton's and Adam Parkinson's
union-machine (1805) it was possible to print simultaneously with
engraved metal and wood surface rollers. (See aso TEXTILES:
Printed Textiles.) (B.J. Mo.)

MODERN INDUSTRIAL PROCESSES

General. — Textile printing on anindustrial scale consistsd two
fundamental operations: (1) the impression, i.e., the mechanica
and physical stagesin which the colouring matters are distributed
on the cloth; and (2) the coloration, i.e., the choice of the appro-
priate colouring matters (dyes, dye-generating chemicals, pigments
and the necessary auxiliary chemicals), the conditions for their
application, their preparation in suitable forms for presentation to
the cloth and their fixation against removal during use and wear.

Textile printing in some of its aspects differs greatly from the
corresponding methods for printing on paper and other materials,
although the mechanical methods for bringing the colour to the
surface may be similar. Inks and paints used for printing on
paper usualy contain colouring matter in the form of pigments
(i.e., finely divided solid powders insoluble in the medium by
which they are applied) ; such pigments are attached by adhesive
media to the surface to be coloured; they cannot penetrate be-
tween the molecules of the fibres. 1n much textile printing, how-
ever. the various coloured areas that make up the print are, in fact,
dyed. The dye is dissolved, usually in water alone or in aqueous
solutions containing other reagents, and the molecules thus sepa-
rated can be induced to enter between the molecules o the fibre
in a much more intimate association. In general, a textile print
in which the coloured areas are dyed in this way may be found to
be faster to washing and similar treatments than a print resulting
from the use of pigment in an adhesive. The presence of adhesive
may also tend to stiffen the fabric. Improvements in adhesives,
though, have made it possible to obtain reasonable fastness and
softness and to obtain prints of great brilliance.

Cloth. either woven or knitted, may first be singed to burn of
surface fibres, desized to remove weaving sizes. scoured to take
away natural impurities and the soils of manufacture, bleached to
destroy residual colouring matters, impregnated with solutions of
dyes or other necessary chemicals by padding, dried and. occa-
sionally, given extra smoothness by passage through a calender.
Drying may be brought about by passing the cloth over steam-
heated cylinders or by running it through a stenter. The latter
operation fixes the width, ensures that warp and weft are at the
correct angle and renders the selvedges straight and parallel. The
cloth is wound under even tension on wooden shells to give cylin-
drical batches.

The pattern is impressed by hand blocks, stencils, silk screens
or engraved or relief rollers. Drying is done in a hot flue or by
steam-heated plates or cylinders. The clothis then passed through
a chamber (steamer, ager or flash ager) filled with steam. During
the passage a limited amount oi water condenses on the print, the
dye is redissolved without being spread and the fibre swells The
dye molecules are thus enabled to penetrate into the fibre sub-
stance so that they can become fixed there. The high temperature
of the steam also initiates or speeds up reactions by which some
dyes are turned into soluble forms, are actually produced in situ
from intermediates or are fixed more firmly within the fibre.
Steaming for short periods is called aging or, for very short pe-
riods, flash aging. Volatile acids can be introduced into the steam
(acid steaming or acid aging) if thisis required. Dyes that are
themselves volatile can be fixed in man-made fibres— Terylene
(Dacron), Orlon, etc—by dry heat. The adhesive medium in
some pigment printing is also set by dry heat. (See aso CoTrTon
ManvracTUre: Converting of Cotton Goods.)

Before and after (and sometimes instead of) steaming. the
printed cloth may be passed through certain solutions. ¢.g., of
chromates, to fix the dye. Unfixed colour may be removed by
washing or soaping. This minimizes the tendency to bleed dof on

other cloth during wet treatments and to rub off when dry.

Impression.— —This is the essential part of the printing opera-
tion. With several exceptions, dyes, dye-generating substances and
auxiliary chemicals are dissolved or suspended in water. When
applied to a fixed area of a microporous structure like cloth the
solutions would spread by capillary attraction (flush) beyond the
boundaries of the pattern and so give prints of unsatisfactory
definition. The viscosity o the solutionsis thereforeincreased by
the addition of thickening agents. These are usually substances
of high molecular weight that yield colloid dispersions in water.
They include the natural starches, starches that have been altered
by regulated depolymerization (for example, by the action of heat
or acids to furnish dextrins), chemical derivatives of starch and
cellulose, and natural vegetable gums such as gum tragacanth
and gum arabic. locust-bean gum, etc. There are other vege-
table mucilages, such as sodium alginate (sodium polymannuro-
nate) from seaweed, as well as egg and blood albumin and
various synthetic resin products. A more recently developed form
of viscous medium is a stabilized emulsion between water and an-
other non-miscible liquid (emulsion thickener). It is possible
sometimes to use colloid aqueous dispersions of the mineral
bentonite.

The thickening agent for a given printing paste is chosen for its
specific thickening power, its compatibility with the dyes to be
used, its freedom from interference by the other chemicals that
have to be added, its stability and its general flow properties. The
flow property of the entire pasteisadjusted to the printing method,
the shapes of the impressions to be made, the intensity of colour
required, the weight and structure of the cloth, the fixation
methods to be employed, and the severity of treatment that can be
allowed in order to remove the exhausted paste from the print
after the dyes on it have been fixed. Many dispersions of thick-
ening agents are thixotropic; i.e., they become more fluid when
they are subjected to the stresses that they receive in the printing
operation. and this property has an important bearing upon the
quality of the impression.

Block Printing.— This, the oldest method of textile printing, is
also discussed above under Early Methods. The blocks normally
consist of wood with the design carved to stand above the block
surface. Alternatively, or in conjunction with these projections
(pegs), fine details such as different shaped dots are provided by
short lengths of copper wire (pins) of various cross section partly
driven into the wood. Lines are provided by shaped copper strip
(fillet) driven edgewise into the wood. Large areas of uniform
colour known as blotches are produced by filling in an enclosed
area with wool felt, which thus gives an extended printing surface.
Areas corresponding in size to those produced respectively by pins,
pegs or blotchesin block printing are given the same name in screen
or roller printing. Where the form o the design is suitable,
where prolonged use of the block is anticipated or where a number
of block sets of the same design are required, the relief printing
surface may be cast in type metal. 1n most cases every distinct
colour must be applied as a separate paste from a separate block.
Further. since blocks have to be handled during the printing oper-
ation, those that are too heavy to be lifted easily are inconvenient;
if the repeat of the pattern is large, more than one block may
be needed for a single colour, and to print big, detailed and florid
patterns the number of separate blocks may exceed 100. Block
prints are thus laborious and expensive to produce but they are
prized for their full, deep colourings and for the deviation from
the exact design, which shows them to be "handmade." Since
printing costs per yard are high, expensive cloths (e.g., heavy
linens for upholstery and pure silks for dress goods) are generally
chosen for block printing. Designs tend to be traditional and may
be "kept on the table” for many years.

The perrotine is still used occasionally while in some firms the
surface, or peg. printing machine, the forerunner of the roller
printing machine (see below), is in continuous use. In this ma-
chine the circumference of one roller carries an exact number of
the repeats of the pattern: a second roller guides the blanket. the
back gray (back cloth) and the cloth itself and acts as the printing
surface. The pegs of the patterned roller run in contact with the
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printing roller and are furnished by touching, at another part of
the periphery, an endless band spread with paste. As with all
cylinder machines, printing is continuous but the length of the
repeat that can be printed is limited since the diameter of the
printing cylinders cannot be increased indefinitely.

Stencil and Screen Printing.— The stencil printing method uses
stencilsmade from paper impregnated with wax or from thin sheets
of ductile metal. The method has been known for centuries but
in modern times it has been employed only to a limited extent;
some stencil printing is carried out with lacquers on nets and
gauzes to give beadlike effects. The stencil may be cut from zinc
foil and mounted on aframethat islaid over the fabric; the colour
medium is applied through the stencil with air-spray, brush or
sgueegee.

Silk screen printing (g.v.) is the most commonly used form of
what is essentially stencil printing. Fine, open-mesh gauges woven
from yarns made of silk or nylon, or from fine bronze wires, are
stretched with even tension upon rectangular frames of wood or
light metal. The printing areas on the gauze are left open, the rest
being blocked up with a lacquer. The design can be hand-painted
on the screen directly with lacquer but this procedure is slow,
especially for large areas, and a photographic method usualy is
used. The repeat is drawn in black and white on transparent film
and this serves as a negative from which a number of positives are
made by the ordinary procedures of exposure and development.
The positives are pieced together to make up the printing area
desired in the final screen, and from the composite a full negative
is made on photographic film. The screen itself is coated with a
solution of gelatin to which a soluble dichromate (bichromate) has
been added and is dried in the dark. It is then exposed to light
behind the composite negative, and the part of the gelatin that is
exposed to light becomesinsoluble in water. When the negative is
removed the gelatin on the unexposed areas is washed away with
warm water and the deposits are reinforced by coating them with
alayer of lacquer. When the lacquer is dry, the screen is ready
for use. Asin the other printing methods, one screen is prepared
for each colour in the pattern.

Screen printing by hand is carried out on tables wide and long
enough to accommodate the cloth to be treated. The tables are
covered with a resilient blanket on top of which is a smooth im-
pervious fabric. A length of the cloth is rolled off to occupy the
full length of the table and is fixed to the impervious cover with
starch paste or other adhesive. The screen to be printed is laid
on the cloth at one end of the table, gauze side downward, with
the frame therefore forming the sides of a shallow trough. Print-
ing paste is poured into the trough and driven through the open
areas with a squeegee, which is a stout strip of wood with a firm
lip of rubber alongthe lower edge. The longest side of the screen
is usually placed across the cloth (weftwise), and the line in which
the squeegeeis moved is parallel with the shorter side. Two opera-
tives do the printing, one at either side of the table, passing the
squeegee from one to the other in the middle of the stroke. When
one impression has been made with the screen, it is lifted and laid
down on the next repeat and so on until al the cloth on the table
has been printed with one colour. Then the operation is repeated,
using another screen and another colour, until the full design is
printed. Correct positioning of screens along the length and width
of the cloth is obtained by projections on the screen frame that
are made to engage with stops correctly adjusted on a metal bar
(pitch rail) on one of thelong sides of the table. After one table-
length of cloth has been fully printed it is pulled from the table
and succeeding lengths of the roll are printed by the same pro-
cedure.

Screen printing is never as swift as roller printing but the prepa
ration of screensis easier, speedier and cheaper than the engraving
of aset of copper rollers. The skill required is not nearly so great
asthat needed to operate a roller printing machine. While a roller
printing machine can best interpret designs in which sharp defi-
nition is needed. the screen method may give superior results more
easily when full colouring and a full gradation of shading is needed.
There are distinctions connected with the nature of the design; e.g.,
it is easier to get plain longitudinal stripes by roller printing and

BY COURTESY OF THE COTTON BOAR
FIG. 2.— TWELVE-COLOUR AUTOMATIC SCREEN-PRINTING MACHINE

lateral stripes by the screen method. The screen method is better
adapted for the classes of commercia printing in which short runs
and quick changes of design are called for.

Many machines have been introduced to mechanize the screen
printing operation. Some imitate mechanically the operations of
hand printing. In others, continuous working may be achieved
by supporting the screens on rollers whose faces are perforated
s0 that the screens can be furnished from inside; such machines
approach the action of the roller printing machine.

Roller Printing.— This is the method by which the greatest per-
centage o cloth is printed. In general it is faster than other
methods and produces a more accurate impression. The printing
area is engraved in recess (intaglio) on a smooth copper roller.
Thisis coated with the colour paste and then the unengraved sur-
face is scraped clean with a steel blade (doctor), leaving the en-
graving filled. The roller then comes into contact with the cloth
carried on a supporting roller and transfers the pastein the engrav-
ing toit. The number of engraved rollers employed depends upon
the number of colours required in the design and may be from
oneto fourteen. With the exception of afew of continental origin,
modern roller printing machines do not differ fundamentally from
the oneinvented by Thomas Bell in 1783 (seefig. 3and 4).

The engraved copper rollers, or shells, each rotate on a steel
mandrel to which they are keyed by a tongue and groove arrange-
ment. The drive is transmitted from one large crown wheel,
driven by an electric motor, to a box wheel at the end of each
mandrel. Different prints need to be printed at different speeds
according to the quality of the engraving and the paste used, and
the structure and composition of the cloth itself. The printing
machine should be able to run at very sow speeds (inching) at
the beginning of a printing in order that final adjustments in the
fit of the different coloured impressions can be made before a sub-
stantial yardage of cloth has been printed.

The shells themselves are usually made of high-quality copper,
but where a long life is called for, and especially where the paste
contains hard, solid particles (e.g., pigments and crystals), the
surface may be chromium plated. The appropriate part of the
total pattern isengraved on each shell by direct manual engraving,
by milling or by acid etching, including various adaptations of the
photogravure process (see GRAVURE). When another pattern is
desired, a new series of shells is fitted on the mandrels.

The central cylinder, or printing roller, is made of cast iron; the
larger the number of colours printed, the greater the diameter of
the cylinder. 1t is wrapped with several layers of springy cloth
(lapping) to impart resilience. The back gray and the cloth to be
printed are carried through the rollers at a steady tension on an
endless printer's blanket, which may be made of felt with a smooth
resilient surface or made of cloth coated with rubber or a plastic
substance. If it is rubberized it will be washed after the impres-
sion with water sprays or rotary cylindrical brushes to remove ad-
hering paste, and dried by being passed through hot air or over
steam-heated cylinders or by being dusted with talc before being
passed forward again to support more cloth. Modern blankets,
which are covered with compositions designed to resist wear and
chemical attack and are embossed with fine lines, can be used
without the back gray for some designs; the depressions hold the
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small amounts of paste pushed through the cloth and in addition
increase the grip between cloth and blanket; such blankets exhibit
better springiness than do the older forms.

The cleaning doctor consists of a straight strip of steel fixed in
apivoted clamp or shears, with an edge pressing at an angle against
the surface of the shell. It removes the paste from the unen-
graved portions of the shell surface. The pressure of contact is
obtained by weights that act on the shears through a lever. The
adjustment of the doctor is one of the most exacting tasks of
the printer since the variety of blade and the angle and pressure
of contact have to be adjusted to meet the particular quality
of the engraving and other conditions of printing. The edge is
sharpened so that it is accurately linear, and, although it may
receive an initial mechanical grinding. it always has to be finished
by hand. Special adjustments (springing) o the steel strip in
the shears are required to overcome bowing when wide cloths are
printed.

Asthe shell rotates it is supplied with printing paste by a lapped
or coated roller (the furnisher) that rotates in contact with the
shell and also runs partly immersed in paste contained in a colour
box. As the shell moves round it is cleaned by the doctor and
then makes contact with the cloth. Before it completes a revo-
lution. it passes under the edge of a second, or lint, doctor that
is similar to the cleaning doctor but is made of a softer metal.
Here the smooth portion of the copper isfreed from lint and from
printing paste of other colours transferred by the cloth from an
earlier shell. This operation prevents paste of one colour from
passing into the boxes of subsequent colours and falsifying the
shade and removes solid impurities that might otherwise wedge
between the edge of the cleaning
doctor and the copper surface,
letting through unwanted colour
and giving rise to lines and smears
in the print. Furnishing is some- W
times effected with a stiff cylin- O
drical brush instead of a roller.
The brush is often rotated at a
different surface speed from that
of the shell; the brushing action
prevents permanent clogging of
the engraving.

In multicolour printing, the
units, each consisting of a shell
printing a single colour with its
own doctors and furnishing ar-
rangement, are fixed at intervals
round the lower part o the
periphery of the central cylinder, which is horizontally disposed.
As the cloth passes around the cylinder, it is impressed in suc-
cession with the different colour components. Careful fitting is
needed as each impression must fall accurately upon the appro-
priate area within the complete pattern; inconspicuous pitch marks
are engraved as a guide at the appropriate place on each shell
of the set. Adjustments are made after the first few feet d cloth
have been inched through the machine: to correct the fit across
the width of the cloth the bearings of the mandrel are displaced
sideways: adjustments at the box wheel can turn the mandrel
dlightly relative to the wheel itself and make the impression from
one shell fall a little earlier or a little later within the repeat,
so ensuring longitudinal fit. Some adjustment of this kind may
also be needed while the pattern is being printed. since the cloth
may stretch alittle unevenly under tension. The diameters d all
the shells are the same and al are driven at the same rotational
speed. so that the surface printing speed o each shell is therefore
aso the same. An integra number of repeats of the pattern is
engraved around the circumference of each shell so that these re-
peats are printed without change of spacing regardlessd the length
of the cloth. With the older box-wheel mechanisms. adjustments
in the fit were made manually and the slowing up necessary to
effect them sometimes led to changes in the stretch of the cloth.
However, more elaborate mechanical and electrical types d box
wheels have become available; these alow the shift for fitting
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FIG. 3.—WORKING PARTS OF A ONE-
COLOUR TEXTILE PRINTING MACHINE

to be accomplished while printing at full speed.

Not al the rollers on a machine may be engaged in impression.
Sometimes perfectly smooth, unpatterned rollers furnished with a
paste containing no dye may be interposed in the sequence of en-
graved rollers when impressions of greater colour area, or with
more intense colours, are printed on the cloth in front of impres-
sions of smaller area or paler colours. This counteracts the danger
of contaminating the pastes in the colour boxes toward the end of a
serieswhen the action of thelint doctor may not be adequate. The
starch roller receives any loose colour from the cloth on its smooth
surface, goes around to be coated with plain paste and then has
its surface scraped clean by the doctor. When a multicolour
machine is used to print a design with fewer colours than its
maximum capacity, the engraved rollers may be too few to pull the
cloth. blanket and heavy cylinder by frictional contact in the usual
way and in this case additional plain rollers are run on the machine
for driving purposes.

Three important modifications of the roller printing machine are
made to meet specia requirements of pattern or quality of impres-
sion:

1. Surface printing machines have already been mentioned: they
are used to give prints of blocklike quality. Since the printing is
from rollers in relief, modifications o the furnishing arrangements
are needed.

2. Duplex printing machines are in effect two separate single-
sided machines incorporated in the same structure and printing
simultaneously on both sides of the cloth with the pattern on the
one side in perfect fit with that on the other. Less perfect double-
sided effects can be produced with single-sided printing in a push-
through operation where the structure of the cloth, the pressure
of the roller and the consistency of the paste alow the colour to
go right through the cloth and give a reasonable impression on the
underside.

3. Jumping machines are used for large repeats that are sur-
rounded by an unprinted border. The machine is provided with
gearing that checks the printing operation at the necessary inter-
vals while the cloth moves forward by a distance equal to twice
the width of the crosswise border. This obviates shells of incon-
veniently large diameter.

Transfer of the Repeat to the Shell.—Milling—Patterns
with small simple motifs and uncomplicated repeats such as spots,
stars. rings, stripes, etc., are engraved by mounting the polished
shell in a lathe and rotating it against a hard-steel, wheel-shaped
die with a number o the design unitsin relief; these units indent
the copper surface.

Hand Engraving. — Toalimited extent, rollersare hand engraved
by conventional methods. More frequently, hand engraving is em-
ployed to perfect rollers engraved by other methods and to correct
defects caused by wear. (See also ENGRAVING, LINE.)

Etching. — Thisis the method used most frequently for engrav-
ing rollers. The original cartoon from the designer is projected
optically onto a zinc plate and the repeat is incised on the plate,
each detail being then coloured up to match the cartoon. An op-
erator then follows the lines corresponding to one of the component
colours on this plate with a stylus that forms part of a machine
caled a pantograph (or, less correctly, a pentagraph). Mounted
in the pantograph is a smooth copper shell, covered with a layer
of protective varnish; the movements of the stylus rotate the
roller and also actuate a series of diamond points spaced along the
length of the roller. As a result. the desired number of repeats
are scratched at intervals along and around the shell. The roller
is then rotated in a bath of suitable acids that penetrate the
scratches and etch the repeats into the copper. If the engraving is
adeep one it is not desirable to etch it in one stage, so the roller is
revarnished and the scratching and acid treatment are repeated.
When oneroller of the set has been made. another isinserted in the
pantograph, the lines on the zinc corresponding to a different
colour are followed, and so on until the whole set has been com-
pleted.

Photogravure Metiods.—A number of acid etching methods
have been developed that follow the methods used to produce
photogravure rollers for magazine printing. They reduce the time
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required for engraving and are specially suited for certain pictorial
subjects.

Scale.—For all shapes of appreciable area, simple engraving
of a depression in the roller will not give satisfactory impressions
since the paste that it contains after furnishing is not under ade-
guate control and the printed area consequently will not be uni-
formly coloured. Such areas are therefore engraved as a series
of parallel diagonal grooves. In printing, each line spreads later-
aly into the impression of its neighbour. The width and depth
of the lines must be properly related to each other; these measure-
ments are jointly specified in a number caled the scale. In some
engravings made by photogravure methods the impression is
broken into dots by photographing the original image through a
screen (rectangular disposition of lines), and the effect o the
screen is the same as that used in photomechanical methods for
printing pictures on paper.

Colourings.—A set of engraved rollers, blocks or screens can
be used to produce a series of different and distinct decorative
effects by (1) changing the combination of colours; (2) using only
part of theset; (3) using the set in conjunction with rollers having
small "al over" patterns that do not need fitting with the rest
of the pattern and modify the ground or the blotches; (4) print-
ing in conjunction with dyeing. Each modification of the use
of the set of rollersin this fashion is called a "way."

There are aso severa more unusual methods for continuous
printing. In one group of related methods. the colours are thick-
ened until the printing medium is of the consistency of iff dough.
Thisisrolled out into sheets and cut into shapes that are mounted
in mosaic fashion around the surface of aroller. This roller prints
onto cloth damped with water or other solvent; the cloth is sup-
ported on another roller with a very resilient surface. The water
or other solvent dissolves a small amount of the thickened colour,
which is thus transferred to the cloth. Only a limited yardage can
be printed with one roller because the roller coating is slowly con-
sumed. The process has been used to produce beautiful and un-
usual prints that cannot be obtained in any other way; there is no
limit to the number of colours that can be printed from the one
roller. The usual difficulties of fitting are not present, since these
have been dealt with in preparation of the roller itself, but there
are restrictions in the kinds of dye that can be used.

I'n another unusual continuous method the design is first printed
on paper with appropriate dyes in special media. It is trans
ferred to the fabric by running the cloth and the paper through a
heated calender together. Once the transfer has been obtained, the
dyes used are fixed in the normal way.

Colouristic Features.— The choice of dyes and their adapta-
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tion for use in a given print depend upon a large variety of con-
ditions, some chemical and some economic: thefibre or fibres from
which the cloth is made, the colour requirements of the design to
be reproduced and its durability in the expected conditions of use,
the relation between the printed effectand later processes of manu-
facture (e.g., finishing), the cost of production and the length of
time before delivery. Most commercia printing is a compromise
between the ideal interpretation of the design and the need to pro-
duceit at an acceptable price. The choice of dyes for a print, and
to some extent the chemical and processing procedures used in
their application and fixation, are known as styles.

The relations between the kind o fibre in the material to be
printed and the dyes used are in general similar to those that are
obtained in dyeing but the physical differences in printing and
dyeing systems may greatly modify the conditions of application.
Two important differencesare: (1) the dye and chemical assistants
used in printing have to be applied in a much smaller volume of
medium and are therefore concentrated; (2) the stage of diffusion
and fixation in printing must be made to occur after the impression
and in the relatively short, well-defined period of steaming or
chemica aftertreatment. For this reason the formulations of a
dye bath and of a printing'paste containing the same dye may be
very different.

The following groups of dyes are used in printing:

I. Direct cotton dyes, mainly for cellulose fibres; acid dyes for
viscose. wool, silk. and nylon and certain other synthetics;
basic dyes for wool, silk, cellulose esters; and disperse dyes
for al hydrophobic fibres (those that swell very little in
water).

I1. Vat dyes. predominantly for cellulosic fibres but also (with
special procedures) for other natural and synthetic fibres;
insoluble azo dyes, mostly for cellulosic fibres, and often in
special chemical forms to meet the special conditions of print-
ing; phthalocyanine dyes, again for celulosic fibres but again
applicable in some chemical forms to other fibres.

Mordant dyes, in which the sequence of application of the
dye, the mordant and the reagents that control the interaction
o the two are specially chosen for printing conditions.

IV. Reactive dyes, which are mostly applicable to cellulosic fibres.

V. Pigment colours applied to the surface of the fibres and fixed
with synthetic resin preparations so designed that. when fixed,
they are not easily removed in washing and do not stiffen the
fabric. They are applicable to a wide range of fibres. are
simple to use, give full colorations and are particularly use-
ful in screen printing.

A distinctive feature of much textile printing as compared with
dyeing isthat it isoften necessary to use dyes from different classes
to provide the different coloured areas in the same print and, for
this reason. great ingenuity is needed in exploiting the chemical
properties o individual dyes so that one fixation treatment, e.g.,
steaming. is appropriate for al o them and so that the reagents
used with one colour do not interfere with the other colours.

Two widely used styles that have no exact counterpart in dye-
ing are: (1) Discharge printing, in which the cloth is first evenly
dyed before printing and then is printed with a paste that con-
tains either an oxidizing or a reducing agent. Steaming causes
the agent to destroy the dye on which it falls or to convert it to
a soluble form so that it can be removed by washing. This there-
fore givesawhite print on a coloured ground. An extension of this
method isthe use of theilluminated discharge in which a dye indif-
ferent to the discharging agent is incorporated in the paste so that
it takes the place of the ground dye that has been destroyed and
givesacoloured print on aground of a different colour. (2) Resist
or reserve styles, in which the cloth is printed with a preparation
(e.g., wax or a synthetic resin) that protects the fibre from a
dye solution, or with a reagent that chemically inhibits the fixa-
tion of a particular dye (e.g., an acid for a dye that requires
alkali for its fixation). The entire cloth is then dyed and the
resisted areas remain undyed. As with discharge styles. the resist
may be plain (white on a coloured ground) or coloured. A tra-
ditional example is the batik of Tava and its analogue in west
African styles. (H.A.T.)

III.
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TEXTILES are woven fabrics. The term also means all spin-
nable fibres or materials suitable for weaving, in addition to
fabrics produced by knitting and felting, and all laces. The Latin
textidis meant a woven fabric, but the word textile was also used
as a transitive verb for plaited, braided, woven or constructed.
This article deals largely with decorative textiles. Other articles
related to the subject include SPiNNING; Y ARN; WEAVING; and
WEAVING, HanD for the making of textiles; Dyes, for one process
in their finishing; TexTiLE PrinTING for a detailed discussion of
commercial aspects of that subject. There are also numerous arti-
cles on individual fabrics—e.g., CALICcO; CHALLIS, CHIFFON;
Damask; DimiTy; etc.—which describe these fabrics and deal
with them as items of commerce. CoTToN MANUFACTURE; SILK
MaNvuFacTURE; and WooLEN MANUFACTURE similarly are con-
cerned with textiles as industrial products.

This article is outlined as follows:
I. Historical Outline

1. Early History ]
2 Advances in"Weaving
3. 4th-13th Centuries ) )
4. 15th Century to the Industrial Revolution
5. The Industrial Revolution
6. 19th and 20th Centuries
7. Other Textiles

II. Printed Textiles )
1. Block-Printed Textiles ) o
2 Originsaf the European Cdico Printing Ir]dustr){_ ]
3. CoPperB!atePrmted and Later Block-Printed Textiles
4. Roller-Printed Textiles ] )
5. Decline and Revival d Textile Design
6. Screen-Printed Textiles
7. Oriental Textiles

III. Indian Textiles

I. H STORI CAL QUTLI NE

1. Early History.— Since textiles are easily torn, burned or
eaten by insects, the oldest surviving specimens probably date from
long after the time when weaving was first practised. Whorls or
weights for spinning have been found on Keoalithic sites. indicating
that thread was spun and therefore that cloth was made. The
weaving of textiles for clothing, as a substitute for the skins o wild
animals, was a corollary of settled life and the breeding of domestic
animals. The four natural fibres, wool, linen, cotton and silk,
originated in different parts of the world. Woolen textiles have
been found in early Bronze Age sites in Switzerland and Scandi-
navia. In Egypt plain linen textiles of about 5000 B c. have been
found Cotton scraps have been discovered in India on sites of
about 3000 B c. and in Peru on sites datable to 2000 B.c. Silk
may have been used in China in the 2nd millennium B.c. and was
certainly woven by 1000 B.c. Cloaks, tunics and caps from Scandi-
navian sites show that a high level o skill had aready been
reached there, even though tools were few and primitive. The
preparatory processes of carding and combing raw wool were
known, for the threads are well and evenly spun. Felt caps and
narrow braids were also made, and sprang, a technique between
knitting and netting. was used.

Flax was grown in the Nile valley. The natural colour o flax
fibres is brownish. and since whitish linens have been found in
very early tombs. methods of bleaching must have been discov-
ered. Spinning was done by hand. using a simple weighted spindle,
and cloths were woven on three types of loom: a horizontal loom

fixed to the ground, an upright loom with a beam at the top and
bottom, and an upright loom with the warp threads bunched in
groups and weighted at the foot. Variants of this last loom are
seen on ancient Greek vase paintings, and this type was probably
used to weave the textiles found in Scandinavia Tablet weaving
for making narrow braids, netting, sprang and other techniques
were developed. Normally cloth was woven in tabby (plain
weave). |n Ptolemaic Egypt very fine counts of linen have been
found in textiles probably woven for the courts of the Pharaohs.
Strangely analogous to the garments found in the north are tunics
woven to shape.

The Romans wore both linen and wool, but as the empire
extended so did the variety of textiles they imported. Pliny
described the Roman toga of wool or linen. and later writers de-
plored the fashionable clothes made of silk from China. From two
sites in Mesopotamia, Doura-Europus (deserted A.n. 256) and
Palmyra (sacked A.p. 272), there are textiles showing the weaving
repertoire o the ancient world to have comprised chiefly plain
wool or linen—though at Palmyra some linens were dyed in true
purple and among the wrappings of the dead were some imported
cottons. Several of the earliest patterned materials made outside
Chinawere aso found. These are the tunics and fragments woven
in plain linen with tapestry-woven insertions.

Thedesignsof the fragments from Doura-Europus are compara-
tively simple; on the other hand, for several centuries after the
3rd century A.n. Coptic weavers of Egypt produced an extraordi-
nary variety of decorative textiles, chiefly for clothing. The dry
sands of the burying grounds of Akhmim and Antinoe have pre-
served a profusion of such textiles dating from the 4th to the 10th
centuries. The patterns reflect the cultural life of the entire Medi-
terranean. The bands of decoration, which were narrow on the
fronts and shoulders of the tunic fragments at Doura, were larger
and more elaborate, with roundels containing mythological and
biblical scenes. Naturalistic birds, animals, gods and mortals in
fresh, bright colours influenced by Hellenistic art were gradually
transformed in subject and in style. Long after the conquest by
Islam in the 7th century the Contic weavers continued to look
back to Christian subjects for their inspiration. The influence of
other countries and other media can be detected, and the patterns
of woven silks were copied in wool. |n time, however, whatever
their origin, the motifs forming the designs were subordinated
to a general decorative effect until they became almost unrecog-
nizable.

Many animal-fibre (vicufia, llama, etc.), agave and cotton tex-
tiles have been found in the sands in the narrow coastal strip of
South America between the Andes and the Pacific, relics o the
pre-Columbian civilization of Peru. The earliest of such relics
date from about A.p. 1000, though their chronology is uncertain.
Without any further modification of the loom than the weaver's
fingers could provide, the inhabitants wove complex patterned
textiles in tapestry. double cloth, brocaded gauze and other tech-
niques for belts, blankets, bags and clothing. Anthropomorphic
subjects are common.

2. Advances in Weaving.— One o the most important de-
velopments in the history of textiles was theinvention of a method
of making free designs that could be repeated indefinitely once the
loom was set up. |t iscertain that the Chinese had found a means
of achieving this early in the Han dynasty (202 v.c.—ap. 221).
The Chinese loom probably had treadles and rotary cloth and warp
beams before those in the west, both of which presuppose the
weaving o large quantities of fairly complex materials. The in-
vention of a drawloom implies a civilization so advanced that ex-
pensive textiles were produced for a wide commercial market— it
would not be worthwhile otherwise to set up the pattern. Chinese
silks have been found not only on the old silk road from China.
at Loulan. Turkestan, and other sites by Sir Aurel Stein but also
a group of silk damasks were among the textiles excavated at
Palmyra.

On the drawloom it is possible to lift the warp threads required
for the pattern irregularly across the textile in each line of the
design. In China a drawboy sitting on top o the loom pulled
a set of cords attached to al the warp threads necessary for that
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line of the pattern each time the weaver opened a new shed.
The warp threads thus pushed to the back of the textile the weft
not required on the surface. The setting up of such a loom was
laborious and the work very slow and tiring for the boy or girl
helping the weaver. Though several important modifications very
much later made the drawloom a more efficient machine— by the
17th century, for instance, the introduction of lashes and simples
permitted the boy to work at the side of the loom— fundamentally
the drawloom remained unchanged until the late 18th century. In
the early Chinese silks the pattern was made either by a form of
damask in which a warp-faced weave contrasted with a weft face,
or by different-coloured warp threads entered in sequence in the
loom and brought to the surface as required by the design. The
patterns of the early Han textiles were often similar to the geo-
metric cartouches on the backs of bronze mirrors or were derived
from a repertoire of exotic fauna, dragons and birds being espe-
cialy common.

Farther west the first drawloom patterns appear in woolen tex-
tiles found in the Egyptian burying grounds and perhaps dating
from the 4th-5th century A.0. A group of these show small birds
within compartments, woven in compound tabby. The word com-
pound indicates a two-warp system: the main warp, controlled by
thedrawboy, is hidden between the front and the back of the textile
and the binding warp appears on the surface to bind the wefts in
tabby. These textiles were probably woven in the near east but
it is not known where.

3. 4th-15th Centuries.— Middle East.— After the fall of the
Roman empire textiles continued to be woven in the traditional
centres and exported abroad. Following the Muslim conquests of
the 7th century new textile centres appeared in Syria and Arabia.
At the western end of thesilk route across central Asiafrom China,
silks were woven in Sogdiana and in Sasanian Persia (3rd-7th cen-
turies A.n.). Important patrons of silk weaving were the Seljuks
who ruled Persia, Asia Minor and Syriain the 11th and 12th cen-
turies. Apart from a group excavated at Rayy, few Persian tex-
tiles can be certainly attributed to an earlier date than this. A
number of important silks can be attributed to Egypt in the time
of the Mamelukes.

Most of these near-eastern textiles are known only from literary
sources but from the 7th-8th century onward woven silks
have survived in some quantity in the tombs and reliquaries
of saints and other important figures, opened at later dates,
and from the 12th century onward as the seal bags of treas-
uries and as vestments. Such silks often came from far-
distant countries; thus silks from central Asia have been found
in French and Flemish churches, and Chinese silks have even been
found in Viking burial grounds. The designs of near-eastern silks
owe little to China but much to the traditions of Sasanian art.
I n roundels fabulous monsters such as the seumerv, half-bird half-
dog, aretypical. The sculpturesof the Sasanian monuments, espe-
cialy at Tag-e Bostan, prove that such patterns, themselves based
on Achaemenid art, originated in Persia. The roundel became
the set form of decoration for several centuries, though the motifs
it contained and the ornament from which it was composed varied
considerably.

A magnificent series of woven silks can be attributed to Byzan-
tium. Silk weaving may not have been very important in the city
until the 6th century but very soon afterward imperial workshops
were established which controlled the industry. The capture of
Ctesiphon, the Sasanian capital of Khosrau II, in 624 and the
booty taken by the Byzantine troops may have influenced the de-
velopment of silks madein Byzantium. Early Byzantine silks were
made in compound twill —that is, with the hidden main warp mak-
ing the pattern and the binding in twill, allowing longer floats of
weft than in tabby and thus exploiting the lustrous quality of
the silk. Subjects owing much to the inherited tradition of Rome
included the Quadriga silk showing a charioteer, and the lion stran-
gler, perhaps Samson. Byzantine silks have been preserved in
the tomb of Charlemagne at Aachen. Thiswas opened in 1000 A.D.
and new silks added — the elephant silk found there was probably
made not long before the opening and is similar in style to lion
silks elsewhere with 10th-century inscriptions. These were made

in the golden age of Byzantine silk production. A group of silks
were woven in the 11th century in which the pattern appeared
as a penciled or engraved outline in a self-coloured material, the
vestments of Pope Clement II (1046-47) at Bamberg, Ger., are
remarkable examples.

While the richest silks fit for kings and emperors have survived,
the ordinary wool and linen materials worn every day have per-
ished. The history of textiles between the terminal dates of the
Egyptian burying grounds and the 16th century tends to be di-
vided into the history of vanished products based on documentary
evidence on the one hand and the history of luxury silks on the
other.

Among the rare textiles whose origin is known with cer-
tainty are those from the tiraz factories. which are inscribed with
the names o the place and o the caliph in whose reign they were
made. Some of these are tapestry-woven, most have embroidered
inscriptions and date from the 8th~11th centuries.

Western Europe~—~—The Low Countries were the centre of alarge
and politically important cloth industry from the early middle
ages. Already in the 8th century England was exporting wool to
Flanders, but this trade did not become important till the 11th
century. The Cistercians were important sheep farmers. Most
districts in northern Europe made cloth of various qualities for
local consumption, but by the 12th century the Low Countries were
weaving cloth from imported Spanish and English wool and ex-
porting it to other parts of Europe. |n the later middle ages Eng-
lish royal policy sought with some success to prevent the export of
wool in favour of that of unfinished cloth. Flax was similarly
grown and linen woven in a number of European countries, but the
only linen textiles to survive in any number are the towels with
decorative ends said to have been made in Perugia, It., in the 15th
century. Silks and linens were also made in Germany, especially
in Cologne and perhaps in Regensburg.

Silk was certainly being woven in Mediterranean countries by
the 9th-10th centuries. Although at first raw silk was imported
from the near east, the cultivation of the white mulberry tree es-
sential to the silk worm soon followed. Some time after the estab-
lishment of the western caliphate in Spain (8th century) silk
weaving was established in Cérdoba; later it was carried to Al-
meria. Zaragoza, Mélaga and elsewhere. In Hispano-Moresque
textiles ornament from the near east was combined with a wholly
distinctive style of decoration originating in Spain. Emphasis on
the purely decorative form o interlacing patterns reached its cli-
max in the last Moorish factories of Andalusia. The Norman
conquerors of Sicily established silk-weaving workshops, but it is
difficult to distinguish silks from Egypt, Sicily or Asia Minor for all
drew on the same cultural sources. The traders of Venice and
Genoa imported silks into the mainland whence they were dis-
tributed throughout Europe. An accessible source of raw material
together with the early growth of compact city-states favoured
the establishment of silk weaving in Italy. A treaty between
Lucca and Genoa in the mid-12th century gave Lucca access to the
Levant and aso to the fairs in northern Europe. Merchants o
Lucca traveled to the Levant to buy silk and to northern Europe
to buy woolen cloths and to sell woven silks. In the 14th century,
however, political difficulties displaced the town from its pre-
eminence. Guilds of silk weavers were established in Venice,
Florence, Bologna and Genoa.

A comparatively large number of silks can be attributed to
northern Italy in the period from the 12th to 15th centuries, though
few are known to come from any particular city. Their designs
reflect the general style of Gothic art, with animals, rinceaux and
heraldic devices of unfailing invention. During the 14th century
the route to China was reopened, and many silks woven after that
time incorporate decorative details showing Chinese influence—
dragons, exotic birds, palmettes and cloud bands. Some of these
may be seen in contemporary paintings; e.g., the robes worn by
St. Edmund Martyr in the Wilton diptych (c. 1395) in the Na-
tional gallery, London.

The technique with which these silks were woven was advanced;
the main warp appeared on the surface of the textile and was com-
bined with a second (or ground) weft to form a texture contrast-
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ing with that of the pattern. Damasks were woven, and during
the 14th century velvet weaving was established. There were
plain-cut pile velvets, cut and uncut pile together, voided velvets
in which part of the ground was left without pile but brocaded,
often with gold thread, and velvets woven with two heights d pile,
sometimes further enriched with gold loops. Many 15th-century
velvets probably made in Venice have survived as chasubles and
copes.

Velvets with the typical curving pomegranate in silk pile
and gold thread may be recognized in paintings both by
Italian artists and by those of the northern schools—evidence
o the popularity of Italian velvets in Germany and the Low
Countries.

4. 15th Century to the Industrial Revolution.—A great
variety of textiles have survived from the 16th century. Among
woven textiles the silks produced under the Safawid dynasty in
Persia are outstanding. The silks of this renascence owed much
to the stylistic tradition of Persian illuminated manuscriptsin de-
sign, colouring and subjects depicted. Hunting scenes, subtle in
technique and splendid in effect with lifelike hunters, animals,
flowers, trees and birds, were rendered with accuracy and great
decorative appeal. Several of the greatest were made in the court
factories of Shah Abbas | (1587-1629). Persian treatment of
floral design had a profound influence on European art but not
on silk design until the period of its greatest inspiration had
passed.

The Ottoman Turks also produced a fine series of silks in the
16th and 17th centuries. Brusa (Bursa) wasthe chief city weaving
silks, though others are known. Turkish velvets were especialy
successful, owing their inspiration to those o Italy, though the
designs were often treated on a larger scale.

In Europe Italian silks drew much from those of the 15th cen-
tury. although by the late 16th century newer forms of ornament
can be detected More remarkable is the fine table linen produced
in the Spanish Netherlands from the end o the 15th century (and
perhdps earlier, though none survives). Special sets were woven
to order for such clients as Henry V111 o England. Courtrai was
the centre o the linen damask industry, though Haarlem became
increasingly important in the 17th century Damask cloths with
napkins to match were woven with biblical scenes or coats-of-
arms from the 16th century onward. Seventeenth-century dam-
asks include commemorative designs, views o cities and some
more original designs such as that of the cloth with a design of
plates, knives and forks set for dinner, woven in Haarlem by
Paschier Lainertin and now in the Victoria and Albert museum,
London.

The War of the Spanish Succession at the beginning of the
18th century provided a rich source of subject matter, par-
ticularly beleaguered cities and equestrian portraits to com-
memorate the victories of Prince Eugene o Savoy and the duke
o Marlborough. Such damasks were large, finely woven on a
drawloom and expensive. Cheaper diapered or plain linen for
napkins, cloths and sheets was also woven in great quantities in
the same towns.

From the 17th century there survive some o the textiles made
for a wider distribution than the court silks of Persia or the ex-
pensiye Italian velvets For those who could not afford the luxury
of tapestries or silk hangings, certain northern townsin Italy made
strong, coarse, woolen and hempen hangings. In the late 17th
century thisindustry had shifted to Rouen and Elbeuf in France.
Moreover during the 17th century the foundation of the English,
Dutch and later French East India companies brought an in-
creasing supply of cotton from Bengal into Europe for the making
o fustians and other mixed fabrics. (" Cottons" until the 17th
century and even later were usualy low-grade woolen materials
rather than true cottons.) The plantations in the American colo-
nies were growing cotton for export by the second decade d the
18th century but probably little before then.

The establishment of important silk industries north o the Alps
was a feature of the 17th century. While the woolen and worsted
industries-the latter much developed in the 16th century —con-
tinued to produce the most important textiles in northern France,
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England and the Low Countries, the silk industry began to be sig-
nificant in southern France. Although some silk had been woven
in France in the 16th century and earlier, it could never compete
with Italianimports. Under J. B. Colbert, minister of Louis X1V,
however, the industries of Tours, Avignon, Nimes and above all
Lyons were supported by a rigorous policy of protection and the
growth of raw silk was encouraged in southern France. The wars
at theend of thereign of Louis X1V diverted French resources for
a time from such capital investment, and during this period silk
industries were firmly established in Holland and England. In
London the industry spread from the City to the district of Spital-
fieldsin the east, which greatly expanded with the industry in the
first 60 years of the 18th century. Fine dress silks were woven by
alarge number of prosperous master weavers, many o them, espe-
cialy the weavers of patterned silks, being of French Huguenot
origin.

The London industry was subject to the general control of its
medieval guild, the Weavers' company, but this exercised little
influence on the types of silks produced. In France the Grande
Fabrique de Lyon had a complex organization of regulations
governing the qualities of the silks to be made and officials to
enforce them. Wages were low and the economic regulations
often in dispute, with an outright rebellion in 1744. |t was
against a background o almost continuous social unrest and in-
ternal dispute that Lyons produced some of its most astonishing
dress silks.

During the last years of the 17th century the designs of silks
were transformed from the formal pomegranate pattern inherited
from the 15th century and the stylized sprigs that persisted
throughout thefirst 70 years of the 17th. Abstract curling forms,
often in gold and silver thread on a crimson damask ground,
erupted into gigantic bizarre designs with a profusion of motifs
of disproportionate scale juxtaposed. Fashions changed with the
season, and by the second decade of the 18th century the bizarre
forms had given way to luxuriant but formal designs based on the
outline of the old pomegranate motif but enriched with lacy dia-
pered fillings. There was an increasing desire in the 1730s to give
a three-dimensional form to the designs: a designer named Cour-
tois succeeded in large floral designs by using tones of colour; Jean
Revel (1684-1751) introduced points renérés by which the tones
of colour were dovetailed. A reaction toward naturalistic life-size
sprays of flowers camein the 1740s, a period in which some of the
most successful English silks were woven. From the middle of
the century designs with bunches of flowers and trailing ribbons
dominated al others. Neoclassical influence can be detected
in the later 18th-century silk designs as in other media, laurel
wreaths and plain stripes occurring frequently. A period of very
dark colours in the 1790s was succeeded by a fashion for light
colours and light materials, especially silk gauzes and cotton
muslins.

While such were characteristic dress materials, printed cottons
often provided fashionable furnishings. In Lyons, however,
Philippe de la Salle (1723-1803), designer and partner in a silk-
weaving firm, designed a series of furnishings with lifelike birds,
flowers, ears of wheat, etc., on a sumptuous scale.

The continuous change in fashion was perhaps stimulated by
intense competition in the market for woven silks Genoa never
lost its markets for heavy velvets and damasks, Lucca survived
until the middle of the 18th century, but in the general climate
of mercantilism every sovereign tried to restrict the import
of luxuries and to foster native industries. Silk industries were
revived in Spain and founded in Berlin and even in Russia. A
large number of Chinese painted silks were also imported into
Europe.

It was not, however, until the 19th and 20th centuries that Chi-
nese k'o-ssu, silk tapestry-woven textiles, were appreciated in
Europe. The dragon robes worn by the highest Chinese officials
were not made known in the west, till after the sack of the Summer
palace in Peking in 1860. A few fine 18th-century examples sur-
vive and can be seen in all major museum collections.

Very high-quality woolen. worsted and mixed textiles were
made in the 18th century for everyday clothing, linings and up-
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holstery; they were still very expensive, however, and secondhand
clothing was much worn by the poor in all countries. Although
all cotton goods were prohibited, substitutes with a linen warp
and a cotton weft were made both in England and on the continent
of Europe, and in England were virtually indistinguishable from
pure cottons. While these goods possibly reached unprecedented
technical perfection. far-reaching technical changes began to ap-
pear in the cotton districts of Lancashire and the heavy woolen
industry of Yorkshire.

5 The Industrial Revolution.— Kay's flying shuttle (in-
vented in 1733) speeded up and therefore cheapened the produc-
tion of plain textile goods. Quicker weaving increased the pressure
upon the spinners to produce more thread than they could by the
spinning wheel, virtually unchanged since the 15th century. It
was, however, nearly haf a century before Richard Arkwright's
water frame (1769) and Samuel Crompton's mule (1775) began
to replace the hand spinners with machines. These inventions and
their perfection gave an incentive to mechanize the preparatory
processes of carding and combing. The period from 1780 to 1820
produced a multitude of devices to mechanize each of the processes
formerly performed by hand. Thefirst power loom was improved
upon soon after the turn of the century. Primarily these inven-
tions made possible the mass production of cheap cottons, but
nearly all could be adapted to wool.

The greatest technical problem in silk pattern weaving was the
cumbersome and expensive drawloom. The elimination o the
drawboy and the automatic weaving of the pattern were finaly
achieved by Joseph Marie Jacquard (1752-1834), who built upon
theideas of his predecessors. The Jacquard loom was widely used
in France by the end of the first decade of the 19th century and
elsewhere by 1820. For thefirst time it was possible to lessen the
cost of textiles with a woven pattern. Although Jacquard was a
silk weaver his loom was quickly adapted in the cotton and linen
industries and by the weavers of shawls, an important new in-
dustry in Scotland and at Norwich, Eng.

6. 19th and 20th Centuries.— The break in the normal stylis-
tic evolution of the patterns of woven textiles is not clearly evi-
dent before the 1830s. The eclecticism of the taste of the next
half-century reflected a total change in outlook. Techniques and
new materials were of paramount importance. Using new ma-
chinery it was possible for the first time to reclaim rag wool for
shoddy, thus lowering the cost of woolen goods and providing good
warm clothing for the new poor of the rapidly growing industrial
towns.

Except in the extreme luxury trades (in which Lyons silks and
St. Etienne ribbons in France led the other nations), the textile
centres of Europe and the United States competed with one an-
other to produce large quantities of ever-cheaper power-loom-
woven materials. The manufacturers' pride in these goods—each
patented variation was acclaimed as a new material —was shown
in the great international exhibitions of 1851 and 1862 (London),
1867 (Paris), 1876 (Philadelphia), 1878 (Paris) and others hardly
less important. The overloaded Victorian interiors of the newly
prosperous made extensive use of every kind of furnishing textile,
creating an ever-increasing demand. The multiplicity of unco-
ordinated patterns was especially marked in textiles and provoked
a natural reaction. On the one hand, there were official attempts
to found trade schools and schools of design; on the other, Wil-
liam Morris and his associates rebelled against the domination of
the machine (see Arts AND CRAFTS MOVEMENT). Morris him-
self founded a firm to make high-quality furnishing fabrics using
traditional dyes, the best materials and artists' designs. Although
its influence was not limited to England, the movement hardly
affected the styles of commercially produced textiles until the end
of the century. (See also Printed Textiles, below.)

Thescientific advances of the 19th century, particularly in chem-
istry, produced not only new dyes but, toward the end o the
century, new fibres. The disease and virtual extinction o the
European silkworm left the silk weavers of Europe almost entirely
dependent upon the far east for their raw material; hence the in-
centives to find a substitute were strong. The first textile fila-
ments were made in France from nitrocellulose; in Germany the
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cuprammonium process developed; in 1892 British scientists in-
vented viscose rayon. But none of these proved wholly satisfac-
tory.

After World War | cellulose acetate was exploited com-
mercialy, and in 1938 the first of a new series of fibres no
longer based upon the structure of cellulose was developed in the
United States. This was nylon, the first of the polyamide fibres,
greatly improved after World War II. The polyester fibres were
first used in the 1950s. The best of the new man-made fibres
produced textiles that were tough, washable, crease-resisting,
hard-wearing and less likely than natural fibres to shrink, fade or
felt. Drawing on reliable supplies of raw materials they supple-
mented the four natural fibres very usefully, but the warmth of
wool, the coolness of cotton and the elegance of silk were not easy
toimitate. (Seeaso SynTHETIC FIBRES.) From the 1920s textile
designs for the higher-quality materials have been once more the
work of artists and reflect the general taste of their period.

7. Other Textiles.— Certain textiles fall outside the main his-
torical developments. Japanese silks, though technically similar
to Chinese, represent a different idiom in design hardly known in
the west until it suddenly became fashionable in the 1870s. The
coverlets woven by hand in parts of the United States preserved
their traditional patterns throughout the 19th century. In some
peasant communities of eastern and northern Europe, in north
Africaand among the Indians of North and South America textiles
were hand woven until the 20th century. Such textiles retained
their intrinsic qualities until the use of aniline dyes destroyed
their coherence by introducing alien, harsh and gaudy colour
schemes which quickly faded to a lifeless and unpleasant mono-
chrome. (N. K. A.R)

II. PRINTED TEXTILES

The term printed textiles covers all textiles patterned by the
application of pigments, whether by printing, painting or dyeing
or by a combination of these methods. The pattern may be pro-
duced by painting on the cloth with a brush, by stenciling, by
printing from wood blocks, engraved copperplates or metal rollers,
or by screen printing, either with surface pigments or with dyes
that penetrate the fibres of the cloth. The pattern may also be
produced by "resist" or by mordant dyeing. In resist dyeing,
the resist paste or wax, which is impervious to the dye, is painted
or printed onto the material, covering the parts that are to re-
main uncoloured. In mordant dyeing, the parts that are to re-
ceive the colour are painted or printed with chemical substances
known as mordants; when the fabric is immersed in the dye the
colour is fixed on these parts, while washing removes it from the
unmordanted areas. (These techniques are described at greater
length in TEXTILE PRINTING.)

Printed textiles are believed to have been produced in the Cau-
casus as early as 2000 B.c. and there is no doubt that the art of
ornamenting fabrics by painting or printing is of great antiquity.
Painting was among the earliest methods of decorating textiles;
among the oldest surviving examples o this are some Greek fab-
rics, dating from the 4th century s.c., found in tombs in the
Crimea, and also the well-known painted Egyptian mummy cloths.
In these early painted fabrics surface pigments were used, but at
least as early as the 1st century A.p. the process of mordant dyeing
was known to the Egyptians and is described by Pliny the Elder
(d. 79 A.0.) athough no mordant-dyed Egyptian fabrics o this
date appear to have survived. Before the Christian era India
had a reputation for its resist-dyed and painted cottons. |n China
theart of resist dyeing was certainly known as early as the 7th or
8th century A.o., while indigo resist-dyed linens, several with elabo-
rate figure patterns of religious subjects, have been found in burial
grounds at Akhmim, upper Egypt, and are thought to date from
the 9th-10th century A.D.

In Europe, however, the art of textile printing does not appear
to have begun much before the 12th century Ap., and the few
pieces of printed fabrics of an earlier date that have been found
in Europe appear to be of eastern origin. One o these, a piece
o linen with aresist-dyed pattern of white circles on a blue ground,
was found in the tomb of Caesarius of Arles (c. 470-542) and is
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preserved in the Niirnberg museum. A fragment of amber silk
printed in gold leaf with a design of a falconer on horseback was
found in the grave of St. Cuthbert in Durham cathedral (AD.
1104), but it isassumed also to be of eastern origin.

1. Block-Printed Textiles.— The earliest extant examples of
European printed fabrics, dating from the late 12th century, are
of Rhenish origin. The fabrics, of silk or linen, were printed from
wood blocks with surface pigments, usually in black, gold or silver.
A few o the oldest pieces are printed in more than one colour,
usually black and red, and occasionally a third colour. The pat-
terns appear to have been copied from the Byzantine and near-
eastern woven silks of the period. Although such fabrics seem
to have been produced in considerable quantity and extant exam-
ples are numerous, there is reason to doubt the authenticity of
many of the surviving pieces.

Early Development.—In the 14th century the patterns of
Rhenish printed fabrics were based on the woven silks from Venice
and Lucca. |n oneinstance printed linen with a design of birds,
lionsand stylized floral motifs (fragments of which are in the Vic-
toriaand Albert museum, London, and at Berlin) survives together
with the woven silk from which it was copied, a chasuble in the
Stralsund museum in Germany. |In the 15th century, patterns
copied from Italian velvets, with ogival compartments containing
stylized flowers or lobed pomegranate patterns, seem to have pre-
dominated.

Italian printed fabrics dating from the 14th century have also
been found and examples such as the famous tapestry o Sion,
with elaborate scenes of dancers and horsemen (in the Historisches
Museum, Basel. Switz.). dating from the middle of the 14th cen-
tury, show a high standard of technical excellence both in the cut-
ting of the wood blocks and the actual printing.

Records of the Painter-Stainers' company show that painting on
cloth was a recognized trade in England as early as the 13th cen-
tury. but probably the earliest surviving example, dating from the
early 15th century, is a burse from the parish church of Hessett,
Suffolk, painted with the head of Christ and the symbols  the
four evangelists.

By the 16th century simple block-printed fabrics appear to have
been produced in most European countries. A number of English
examples of the Elizabethan period, copying the popular “black
work™ embroidery or derived from contemporary lace-pattern
books, have survived. Others, printed from engraved copperplates
in ordinary printer's ink. were obviously intended as embroidery
patterns. The 17th century saw considerable advances: in Ger-
many, for instance, the patterns consisted on the one hand o floral
designs not derived from woven sources but characterized by the
detailed and elaborate cutting of the wood blocks, and on the
other hand indigo resist-dyed linens, often with pictorial and re-
ligious subjects, which were copied from the contemporary linen
damasks.

2. Origins of the European Calico-Printing Industry. —
The chief advances in textile printing were the result o an
attempt by European textile printerstoimitate the fast-dyed, hand-
painted Indian cottons that began to be imported into Europe dur-
ing the early 17th century. It was not until the 1670s, however,
that the European calico printers appear to have been successful
(more or less simultaneously in France, Holland and England) in
mastering the complex problems of mordant dyeing with madder,
the basis of theimported Indian chintzes. Since "cdico," the gen-
eral term for cotton cloth of al kinds imported from the east, was
also soon used to describe various cotton fabrics of European
manufacture (including those with linen warps), textile printers
came to be described as calico printers rather than, as in earlier
times, linen or stuff printers. Calico printing was to an extent con-
tinued in most European countries during the 18th and 19th cen-
turies but England, France, Holland, Switzerland and Germany
were the only countries where the industry achieved any real im-
portance.

The English calico-printing industry appears to have been
founded by William Sherwin, an engraver, who in 1676 was granted
a patent for a "new way of printing broad callicoe™ and set up a
printworks at West Ham, east of London on the river Lea. Other
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printers followed and by the end of the century the industry was
well established. Indeed by 1696 the industry had already grown
sufficiently strong to arouse the established silk and wool interests
againstit. A law of 1700 prohibiting the import of Indian chintzes
was followed by laws of 1712 and 1714 which placed heavy ex-
cise duties on home-printed chintzes. Finally, in 1720, a law was
passed that prohibited printing on al cotton cloth, but the calico
printers were able to evade the intention of the law by printing
on a mixed cloth with a linen warp and cotton weft. |t was not
until 1774 that the ban on printing was raised from all cotton
cloth and not until 1831 that the heavy excise duties were finally
removed. |n spite of these restrictions the English calico-printing
industry continued to expand and flourish.

I n France the calico-printing industry was even more hampered
by restrictive legislation than in England. An edict of 1686 for-
bade not only the wearing of imported Indian chintzes but their
imitation and, although it was widely evaded, the industry made
little real progress until the final removal of all restrictions on
textile printing in 1759. Even beforethe lifting of the ban, how-
ever, a number of calico printworks had come into operation, in-
cluding those of Koechlin Schmaltzer and Dollfuss at Mulhouse
(1746), the Danton brothers at Angers (1753) and John Rudolph
Wetter at Orange (1758). Wetter, a rich Swiss merchant, had
previously established a printworks at the free port of Marseilles
in 1744.

Although simple block-printed textiles had been produced earlier
in Holland, the first successful attempts at imitating the imported
Indian chintzes were made at a printworks at Amersfoort set up
in 1678 by two Amsterdam merchants and a Turk living in Hol-
land. Other factories followed and by the middle of the 18th
century about 100 printworks werein operation, mainly in Amster-
dam and the surrounding districts. The number of printworks,
however, gradually declined, largely as a result of increasing
French and English competition, and by 1800 only four were in
operation. In the following years Belgian printworks supplied
most of the exports to the Dutch colonies in the East Indies, but
after the separation of Belgium and Holland in 1830, new print-
works were established in Holland, forming the nucleus of the
modern textile-printing industry in that country.

In Germany during the late 17th and 18th centuries Augsburg
was the chief centre of textile printing. Resist-dyed linens and
block-printed linens, printed in black or red, are found but, in
order to protect the linen industry, printing on cotton was pro-
hibited until about the middle of the 18th century. Among the
most important German printworks was that of the brothers
Neuhofer at Augsburg, which operated in the early 18th century,
and that of Johann Heinrich Schiile, who is said to have introduced
copperplate printing into Germany in 1766.

Switzerland was an important textile-printing centre throughout
the 18th and 19th centuries. Block printing by the “application”
method, which involved the use of watered colours (dye and fixing
agent mixed together), had been practised in Switzerland since
the 16th century, and although this method continued into the
19th century the resulting prints were not fast to light or soap and
water. Theindiennes industry of Switzerland, however, developed
from the processes of indigo and turkey red dyeing rather than
from block printing as such, and was introduced by Swiss printers
who had worked in Holland and by French Huguenot refugees.
Thefirst printworks in Geneva was founded in 1687 by a group of
local merchants and a Frenchman named Matthieu Marin., Other
printworks followed and by about 1720 Geneva was an important
calico-printing centre. During the latter half of the 18th century,
however, the industry declined and by 1815 only two printworks
remained in operation; by 1830 the Geneva industry was virtually
extinct.

The calico-printing industry of Zurich was founded by David
Esslinger in 1720, while that of Basel was founded in 1716 by
Samuel Ryhiner, who had learned his trade in Holland. The
most important centres of calico printing in Switzerland, however,
were the cantons of Neuchbtel and Glarus. The first Neuchbtel
calico printer was Jean Labran, who opened a printworks at Pré-
Royer in 1715. By 1750 severa others had come into operation.
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Oneof thelargest was that of Du Pasquier and Portales at Cortail-
lod, established in 1750 and by the beginning of the 19th cen-
tury the largest in Switzerland, comprising more than 300 printing
tables and a considerable number of roller-printing machines.
The first calico printworks at Glarus was established in 1740 by
Johann Heinrich Streiff, and the Glarus industry reached its pesk
in the 1840s.

Little is known of the Italian printworks apart from those in
the Genoa area which specidized in the production of mezzari,
large decorative panels copied from Indian models, the so-called
"tree of life" being the commonest design. The most important
factory was set up at Sampierdarena in 1787 by Michael Speich,
a Swiss from Glarus, together with his cousin Luigi Testori, who
succeeded to the business about 1830.

The earliest reference to calico printing in America is an adver-
tisement in the Boston Newsletter of April 23, 1712, stating that
a certain George Leason from England, together with a Boston
clothier named Thomas Webber, had set up a printworks near the
bowling green. Although similar advertisements are found with
increasing frequency, it was not until the last quarter of the 18th
century that textile printing can be said to have become an industry
in the United States. One of the most important figures was John
Hewson, an Englishman who, encouraged by Benjamin Franklin,
set up a calico printworksin Philadelphia in 1774. His work was
interrupted by the American Revolution, but he was able to re-
sume his activities in 1789 with the assistance of a loan from the
government. Although hisoutput was considerable, and comprised
both dress and furnishing fabrics and printed handkerchiefs, prac-
tically nothing has survived that can be attributed to him, although
he is said to have printed a fine coverlet now in the Philadelphia
Museum of Art. His factory lasted until sometime in the 1820s,
the business being carried on by his sons. Among other 18th-
century American printworks was that set up about 1790 at East
Greenwich, R.1., by Herman Vandausan, a textile printer from
Mulhouse. Other Rhode Island printworks included that o
Schaub, Tissot and Dubosque (1794), and by 1840 there were
17 dyeing and printing establishments in that state.

Calico printing was also carried on in Massachusetts and New
York. The first roller-printing machines in America were intro-
duced in 1810 at the factory of Thorp, Siddall and Co. near Phila
delphia, Pa.

Designs.— Although certain factories specialized in particular
classes of goods, the general development of designin printed tex-
tileswas much the same throughout Europe and the United States,
with the English and French printers taking the lead. Since sur-
viving English and French textiles are far better documented than
those of other countries, the general trend of design can best be
studied by those examples.

The earliest surviving European examples were mostly printed
in the limited palette of black, reds, purples and brown obtainable
from madder dye, and the designs were often free adaptations of
Indian flora patterns. Most of the earliest examples survive as
linings to late-17th-century leather trunks or as linings to silk
coats, stomachers and embroidered bags or purses. An impor-
tant collection of impressions from early 18th-century textile
printers' wood blocks survivesin the Berch collection at the Nor-
diska Museet, Stockholm, which are mostly single- or two-colour
prints mainly of floral designs, characterized by fairly elaborate
cutting of the wood blocks. Though knowledge of these early
European fabrics block printed in the madder style is fragmentary
and uncertain, it is clear that by the middle of the 18th century at
the latest the European printers were able to add indigo blues and
weld yellows to the basic madder colours, either printed by block
or painted or "penciled" with a brush, and that by this time the
printed fabrics had achieved a status that enabled them to exist
in their own right, not merely as cheaper substitutes for woven
fabrics.

A folio volume in the library of the Musée des Arts Décora-
tifs, Paris, contains 13 samples of English chintz, collected by
John Holker in Lancashire in 1750 and presented to M. De
Montigny of the French Royal Academy of Sciences. These sam-
ples, which are quite unfaded and fully annotated, show that by
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this time the English calico printers were able to produce well-
drawn floral designs using the full range of colours obtainable from
madder dye, together with indigo and weld yellow. Supplemen-
tary evidence of the skill of the English calico printers at this time
isfoundin a series of original designs and impressions from wood
blocks (in the Victoriaand Albert museum) by John Baptist Jack-
son, who worked as a calico printer for afew years before he set up
as a wallpaper manufacturer in 1752.

3. Copperplate-Printed and Later Block-Printed Tex-
tiles.—In the middle of the 18th century, the introduction of cop-
perplate printing radically transformed the appearance of Euro-
pean printed textilesby allowing a fineness of detail and delicacy of
drawing that had not been possible with the comparatively coarse
technique of wood-block cutting. Copperplate printing on textiles
was invented in 1752 at the Drumcondra printworks, near Dublin,
by Francis Nixon, who introduced the technique into England
within the next four years. For the next two decades— apart from
the short-lived factory of Gayet and Montgirod at Sévres, France,
which survived for only 18 months in 1760-61— Ireland and Eng-
land retained a virtual monopoly of the new technique. From the
beginning the technique of copperplate printing was admirably
suited to the production of large-scale pictorial designs, with a re-
peat of about a yard square, covering a wide range of subjectsin-
cluding pastoral, mythological and theatrical scenes, chinoiseries
and subjects commemorating important military and political
events. It wasalso widely used for finely engraved flora designs
for both dress and furnishing fabrics. Few documented Irish ex-
amples have survived but pattern books (in the Musée de 'Impres-
sion sur Etoffes, Mulhouse, and the Victoria and Albert museum)
containing over 400 different impressions from English calico
printers' copperplates, as well as a vast quantity of extant plate-
printed textiles, testify to the excellence of the English productions.
Although a number of the English pictorial designs have certain
affinities with the French toiles de jouy (see below), a particularly
striking group of designs with large flowers and birds seems to be
especially characteristic of the English printers.

The copperplate designs were almost invariably monochrome,
being printed either in blue, red, purple or sepia. One English
factory, that of the Wares at Crayford, is known to have printed
in copperplate in two colours. In a few instances, such as the
textile printed by Robert Jones at Old Ford in 1769 (Victoria and
Albert museum) and the "' volunteer furniture™ printed by Edward
Clarke at Palmerstown, Ire., in 1783 (National museum, Dublin)
additional colours were added to the basic copperplate design by
printing from wood blocks or by hand painting.

Although evidence has shown that generally speaking the Eng-
lish surpassed the French in copperplate printing, the credit for
its development previously was given to Christophe Philippe Ober-
kampf and his factory at Jouy. Oberkampf, the son of a cloth
printer and dyer, was born in Germany but moved with his father
to Aarau and acquired Swiss nationality. After working first at
the Cour de Lorraine factory at Mulhouse and then at the Arsenal
at Paris he set up a small factory at Jouy-en-Josas, near Versailles,
where his first print was produced on March 1, 1760. Four years
later, in 1764, new buildings were begun and, owing to Ober-
kampf's unrivaled technical skill combined with his flair for
singling out the best French designers, Jouy became the foremost
printworksin France. The productions ranged from small, block-
printed designs for dress fabrics to large-scale pictorial prints for
furnishings.

According to the biography of Oberkampf, the secrets of copper-
plate printing were brought to Jouy in 1770 by hisbrother Frédéric,
who had seen it in use at Morat, near Neuchitel in Switzer-
land. However, no surviving Jouy copperplate prints can be
positively dated earlier than 1783, the date of the famous
Travaux de la Manufacture. This design was the work of Jean
Baptiste Huet, who became the factory's chief designer. Most
of Huet's early designs were of pastoral scenes, such as " Offrande
a l'amour,” "La Féte de la fédération” and “Les Plaisirs de la
ferme.” After the Revolution Huet followed the general trend
toward classicism and produced a series of designsin the Directoire
style including the “Scénes Pompéiennes” and “Le Loup et
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I'agneau.” Examples of his work can be seen in the Musée des
Arts Décoratifs, Paris. Other prominent designers who worked
for Oberkampf were Hippolyte le Bas. who specialized in architec-
tural subjects such as "Les Monuments de Paris,” and Horace
Vernet, who specialized in hunting scenes. Although Oberkampf's
reputation was such that the term toile de jouy became a generic
description for all copperplate textiles, other French factories
produced designs of equal distinction. among them the firm of
Favre. Petitpierre et Compagnie (founded 1760) at Nantes
and that of J. P. Meillier at Beautiran, near Bordeaux (founded
1792).

The introduction of copperplate printing did not, however.
eclipse wood-block printing, and the two techniques developed side
by side. The most popular wood-block designs continued to be
floral, including designs based on the successive fashions in 18th-
century woven silks. There is little basic difference between the
wood-block-printed chintzes of the 1760s and 1770s, but in the
1780s several different styles emerge, including coiling floral de-
signs with broken stems based on Indian models and large-scale
arborescent designs often incorporating birds. Two paralel styles
are especially characteristic o the last decade of the 18th century:
first, designs on an almost black madder ground with delicately
drawn mossy trails, which in England were popular for both dress
and furnishing fabrics though in France they seem to have been
limited to dress fabrics; second, designs of alternate vertical
stripes, one on a white ground, the other on a dark, which were
equally popular. This second type was virtually limited to Eng-
land, while France favoured designs of detached sprigs of flowers,
ears of wheat and insects, characterized by fine and precise cutting
of the wood block.

Although finely engraved copperplate prints continued to be
produced in France until the early 19th century. copperplate print-
ing was in decline in England by that time. Most of the English
factories that had speciaized in copperplate prints werein London
or the home counties. Among the most important were Robert
Jones (c. 1760-80), Old Ford; Nixon and Co. (c. 1752-89),
Phippsbridge. near Merton, Surrey; Bromley hall (c. 1740-1823),
Middlesex: John Munns (c.1769-84), Crayford, Kent; and Joseph
and Mary Ware (c. 1760-81), Crayford.

Calico printing in Lancashire was established about the middle
of the 18th century with an important offshoot in Carlisle, and
from the onset the Lancashire and Carlisle printers concentrated
on the production of wood-block-printed chintzes. By the begin-
ning o the 19th century, most of the London copperplate print-
works had closed down and with the shift of emphasis to Lan-
cashire wood-block prints predominated. The leading factory
in the production of high-class wood-block " furniture™ prints was
that at Bannister hall (founded c. 1798). near Preston. Lancashire,
which. under successive changes of ownership, remained in op-
eration until 1893.

The Bannister hall records dating from 1799 to 1840 include a
continuous series of about 3.800 documented samples of printed
cottons supplemented in most cases by the origina designs, which
provide an invaluable and accurate guide to the prevailing styles
throughout those years, particularly since Bannister hall set the
fashion for the other factories.

By 1800 the dark-ground style had given way to the so-called
drab style, printed in yellow, olive, brown and buff, and the meticu-
lous drawing of the 1790s was replaced by a broader technique
with coarser cutting. The French copperplate Directoire prints
were paralleled in England by a brief fashion in the years 1804-06
for "classical" and "Egyptian™ designs, printed in hot “Pompeian”
colours, and for chinoiserie designs incorporating figures. buildings
and vases; "Indian™ designs on bright-red grounds were also popu-
lar. Among the other wood-block styles popular in the early
19th century were designs incorporating game birds and architec-
tural features. Panels printed for incorporation into patchwork
quilts were produced in considerable quantity in the years around
1815.

4. Roller-Printed Textiles.— Although roller printing was
invented by Thomas Bell as early as 1783 and was certainly used
in the production of small-scale dress patterns by the beginning of

the 19th century, it had little general effect on the design of
printed textiles until about 1815. Thereafter in England the tech-
nique was used for pictorial prints, often of scenes of hunting
and other sports and pastimes, but the designs were generally
cruder than those of the 18th-century copperplate prints. In
France the technique was widely used for a vast range o pic-
torial designs, often with diagonally hatched or finely diapered
grounds.

From the 1820s onward the development of roller printing led
to a vast increase in the output of printed textiles, although high-
class furniture prints continued to be printed by wood block in
the traditional madder style. 1n the 1820s the standard of engrav-
ing on the metal rollers was often extremely high. The actual
engraving of the rollers was generally done not by the printers
themselves but by special firms. One of the leading firms of en-
gravers was Joseph Lockett of Manchester (later Lockett, Cross-
land), which supplied engraved rollers not only to the English
calico printers but to printworks throughout Europe. This firm
was largely responsible for the “fancy machine grounds” or " cover
rollers™ in which the whole background of the fabric was covered
with elaborately engraved diaper patterns.

These enjoyed a considerable vogue in the 1830s and were often
used as a background to the traditional, wood-block-printed floral
chintzes.

5 Decline and Revival o Textile Design.— Until about
1810 al printing, with the exception of low-grade fabrics printed
in fugitive colours, was based on the use of vegetable dyes, which
in practice meant madder, indigo and quercitron. From then on,
however, the competitive efforts of the French. German and Eng-
lish chemists resulted in a series of new chemical resists and dis-
charges for transforming the appearance of the old vegetable dyes,
and new methods for the use of colours such as prussian blue,
cochineal pink and catechu brown. In addition, a completely new
range of mineral dyes, including manganese brown, chrome yel-
low and antimony orange, and a "solid green" were placed at the
disposal of the textile printers. These new discharges, resists and
mineral dyestuffs had brought about a radical change in the appear-
ance of printed textiles more than 20 years before W. H. Perkin’s
discovery o the aniline dyestuffs in 1856.

The combination of the indiscriminate use of these new colours,
which were eminently suitable for roller printing, and a lower
standard of engraving and design led to a gradual deterioration in
printed textiles that was increasingly apparent from 1835 onward.
A vast amount of cheap, roller-printed fabric was turned out by
the English and European printers in a great variety o styles,
ranging from floral designsand elaborate pictorial prints of roman-
tic and sentimental subjects to various exotic styles intended for
overseas markets. The eclecticism of the designers knew no
bounds, and the 19th-century "battle of styles" was reflected in
printed textiles that combined rococo, Gothic and classica ele-
ments with paisley motifs. tartan ribbons and a host of miscel-
laneous ornament. Even so, throughout the 1840s and 1850s, both
the English and French and particularly the Alsatian printers con-
tinued to produce well-drawn flora chintzes, printed by wood block
in the madder style, for the high-class furniture trade. Many of
these were printed on challet, a fine worsted wool, instead of on
cotton, which gave an added richness and depth to the colours
Although the Alsatian printers maintained a high standard of
technical excellence, little of distinction was produced throughout
the 1860s and 1870s.

The revival o textile printing as a fine art and the revival of
the decorative arts generally that came about in the later 19th
century must largely be credited to William Morris. Morris pro-
duced his first design for a printed textile in 1873, the first of
44 different designs for chintz. all of which were printed by hand
with wood blocks and, with one or two exceptions, with vegetable
dyes. Several of his finest chintzes, including the well-known
" Strawberry Thief" (1883), were printed by the laborious and
obsolete method of indigo-discharge printing. Thereislittle doubt
that the Morris chintzes printed first by Sir Thomas Wardle at
Leek, and later at Morris’ own workshops at Merton abbey, are
among the finest printed textiles of all time.
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The 1870s also saw the production of printed textiles influenced
by Japanese art, with highly stylized flowers whose flat symmetri-
cal petals were set against fretted backgrounds. In the 1880s a
heavily textured cotton known as cretonne and velveteen were
much used for printed furnishing fabrics, while some of the finest
dress fabrics were printed on silk. From 1880 onward there was
an increasing tendency for textile printers to commission designs
from leading architects, artists and professional designers, which
did much to raise the general standard of production. Throughout
the latter part of the 19th century and the 20th century, the styles
in printed textiles have closely followed the general development
of the decorative arts. In the years around 1900 the influence
of Art Nouveau (g.v.) was apparent. and outstanding printed
textiles in this style were produced by firms such as Liberty of
London.

I'n the 20th century modern movementsin painting and the in-
fluence of the Ballets Russes and the Bauhaus in Germany led to
the development of geometrical and abstract designs, usualy
printed in strong, vivid colours, often emphasized by black out-
lines. In England the move toward abstract design was fostered
by the Omega workshops. founded by Roger Fry and a group o
artists, for whom in 1913 the Maromme printworks of Rouen pro-
duced a series of printed textiles. A leading firm that- did much to
popularize the new styles was that of William Foxton, who from
1917 commissioned designs from leading artists including Charles
Rennie Mackintosh and Claude Lovat Fraser. In France out-
standing printed textiles were produced by the firm of Bianchini
Ferier to the designs of Raoul Dufy and other painters. The later
1920s and early 1930s saw a return to more subdued, pastel colours
and floral designs. characterized by overlapping segments and
highly stylized flowers. This style achieved widespread currency
at the Paris exhibition of 1925.

6. Screen-Printed Textiles.— In the 1930s the development
of screen printing finally removed all restrictions from the de-
signer and alowed enterprising manufacturers to try out short
runs of experimental designs without incurring the heavy expense
of engraved rollers or resorting to the laborious process of hand-
block printing. This has resulted in an ever-increasing variety o
design in printed textiles and at the same time extended the prac-
tice of commissioning designs from artists rather than professional
designers.

Between World Wars | and II there was an important revival of
hand-block printing in England on the part of a number of artist-
craftsmen who produced both dress and furnishing fabrics, de-
signing, cutting and printing the blocks themselves. Most of these
fabrics had simple patterns produced in dark low tones, often
with vegetable dyes, no doubt as a reaction against the garish
colours and elaborate designs of the mass of commercial produc-
tion.

In most countries there was little advance in the design of
printed fabrics during World War 11 but after the war the develop-
ment of mechanical screen printing brought an even greater variety
of printed textiles. In the postwar years Scandinavia achieved
a considerable reputation for printed textiles. Danish manufac-
turers mere pre-eminent in the development of floral design, while
Sweden and Finland tended to concentrate on crisp, geometrical
patterns. With modern printing techniques the translation of any
type of design onto cloth is possible. In contemporary screen-
printed fabrics the designs range from abstract patterns imitating
the work of Tachist and Action painters to elaborate florals, often
with huge-scale repeats.

7. Oriental Textiles.— Persia.— The block printing of textiles
in Persia may be traced back certainly to the 17th century. The
journal of Jean de Thévenot (1633-77). Relation d’un voyage au
levant, describes fabrics in which "the flowers and other paints
are stamped upon them with a mould besmeared with colours”
The French traveler Jean Chardin. in his Voyages en Perse (pub-
lished in 1686), describes not only the painted cloths, similar to
those from India. but also taffetas and satin, block printed with
gold and silver with calligraphic. floral or pictorial designs
Painted and printed textiles produced in Persia were exported to
Europe to the East India company in the late 17th and 18th cen-

TEXTILES

turies, and although records describe the textiles as "perses” it
seems that little distinction was made between those of Indian
and Persian origin.

Persian textiles of the 18th and 19th centuries with patterns
produced by a combination of block printing and hand painting
survive in considerable quantity in the form of wall hangings,
prayer mats, curtains for doors or niches, bed coverings and
shrouds. Most of the designs are floral but incorporate pine cone
and other decorative motifs.

China. — Chinese resist-dyed silks, dating from the 7th or 8th
century A.p., are preserved in the Shésé-in, the imperial treasure
house at Nara in Japan, and similar fragments were discovered
by Sir Aurel Stein in eastern Turkestan. From the 18th century
onward floral patterns painted in body colour on silk were made
for export to Europe to be made up as dresses or hangings. A
number o ecclesiastical vestments of Chinese painted silk dating
from the 18th century also survive.

Japan. — Itis probable that the Japanese learned the art of resist
dyeing from the Chinese. A fragment of Japanese silk stenciled
with the Buddhist sacred wheel is believed to date from the 8th
century, and stenciled patterns are generally characteristic of
Japanese work. Block printing was also practised in Japan and
included a method known as negative block printing in which the
hollowed-out parts of the block. not the relief portions, are charged
with colour. The form of resist dyeing known as tie-and-dye
work was extensively practised in Japan, as well asin India. China
and other parts of Asia, and in Africa. In Japan this method
was known as the skibori process, and in the 18th- and 19th-century
examples the process is often combined with embroidery.

(B.J. Mo.)

Javanese Batik. — Batik is a Javanese word applied to the wax-
resist technique of pattern dyeing on cloth, as practised there.
Those parts o the cloth not required to take the dye are covered
with hot wax, after which the whole fabric is dipped in the dye
vat, an operation repeated according to the number of colours in
the pattern.

I'tisdoubtful if any batiks preserved in museum collections date
from before the 1750s, and therefore little is known about the
origins of this technique in Java. However, there is evidence
that a simplified batik technique (possibly copied from India)
was widely practised independently in southeast Asia: the Torad-
jas of Celebes (Sulawesi), for instance, until the second half
o the 20th century produced simple batiks, applying the hot wax
by means o a narrow, flattened strip of bamboo. The decisive
advances in Java, probably in the 18th century, seem to have re-
sulted from the invention of the #janting, a small copper crucible
with a projecting spout and a bamboo handle. |t isfilled with wax
and the pattern is drawn on the cloth with the molten wax which
runs out o the spout. The cloth is elaborately washed and soaked
to secure the right texture and surface and is then hung over a
frame. the artist, usually a woman. sitting cross-legged before it.
The design is sometimes first sketched in charcoal, but the best
artists use only their tjantings, relying on visual memory. They
outline the area that is to be dyed and cover the rest of the sur-
face with wax The cloth is turned over and the operation re-
peated on the other side.

The cloth is then immersed in cold water till the wax hardens
and is afterward dipped in the dye vat. The wax is removed,
leaving exposed other parts of thecloth to be dyed different colours
by the same process. The traditional colours are indigo blue,
madder red and brown; secondary colours are produced by dyeing
one colour over another.

In the 19th century copper-mounted wood blocks for applying
the wax to the cloth were introduced. This. known as ¢jap print-
ing, has almost entirely superseded the more laborious and highly
skilled tjanting process. Batik was traditionally used almost en-
tirely for clothing.

III. INDIAN TEXTI LES

From early historic times India was famed for its textiles. This
is known from literary and archaeological evidence, although very
few fabrics of a date earlier than the late 16th century survive.
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Near eastern silk with half-bird, half-dog design, thought to have come from a reliquary
in the church of St. Leu, Paris; about AD. 700—- 900

Panel tapestry woven of tan wool and purple linen;
probably Egyptian or Mesopotamian, dating from
the 5th or 6th century

Patterned cotton, woven in double cloth, with cat
motif; relic of the pre-Columbian civilization of Peru

Byzantine elephant silk from the tomb of Charlemagne at
Aachen, Germany; 10th century

WOVEN TEXTILES: AMERICAN AND NEAR EASTERN

BY COU SY OF (TOP LEFT) VICTORIA AND ALBERT MUSEUM, (BOTTOM LEFT) “CIBA REVIEW, CIBA LIMITED, BASLE, SWITZERLAND, FROM THE FRITZ IXLE COLLECTION, sa$i g MUSEUM OF ETHNOL-
OGY, (BOTTOM RIGHT) THE CATHEDRAL OF AACHEN, PHOTO BY A. BREDOL-LEPPER; PHOTOGRAPH, (TOP RIGHT) JACK SXEEL FOR ENCYCLOPAEDIA BRITANNICA, INC
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Persian fabric woven with a cup-bearer motif in the tradition
of Persian illuminated manuscript design; 16th century

Northern Italian silk woven with gilt membrane. The design, composed of stags, hounds,

lions and phoenixes, shows the influence of Chinese decoration which prevailed in {taly dur-
ing the last half of the 14th century

WOVEN TEXTILES: 14TH- AND 16TH-CENTURY
NORTHERN ITALIAN AND PERSIAN

BY COURTESY OF VICTORIA AND ALBERT MUSEUM
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WOVEN TEXTILES:
SILK DAMASK,
SILK AND VELVET BROCADES

K’o-ssu, Chinese woven silk damask; early 18th
century. Textiles of this quality were not intro-
duced in Europe until the 19th and 20th centuries

Italian cut velvet brocaded with gold loops in a curving
pomegranate design characteristic of late 15th- and early
16th-century textile fashion in ltaly

Hispano-Moresque silk brocaded in gold. The design is a blending
of near-eastern ornamentation and Spanish-style decoration

BY COURTESY OF (BOTTOM LEFT) DETROIT INSTITUTE OF ARTS, (BOTTOM RIGHT) MUSEUM OF FINE ARTS, BOSTON; PHOTOGRAPH, (TOP) BY THE KIND PERMISSION OF ANT{KVARISK-TOPOGRAFISKA
ARKIVET, STOCKHOLM



PLATE IV TEXTILES

BY COURTESY OF MUSEE HISTORIQUE DES TISSUS; PHOTOGRAPH BY RENE BASSET

WOVEN TEXTILES: LATE 18TH-CENTURY FRENCH

Woven silk textile hanging from the aqueen’s chamber at Fontainebleau by Philippe de la
Salle of Lyons, who designed a series of furnishings adorned with lifelike birds and flowers
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Prae VI TEXTILES

Cotton and linen, copperplate printed in pur-
ple. Other colours were added to the design
by printing from wood bloeks and by penciling.
By Robert Jones at Old Ford. 1769

Wood-block-printed cotton in madder
colours. Blue added by hand penciling.
Printed at Fordingbridge, Hampshire,
about 1790

PHOTOGRAPH BY C. H. CANNINGS FOR ENCYCLOPADIA BRITANNICA, INC.

PRINTED TEXTILES: 18TH-CENTURY ENGLISH
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English cotton with pillar design, block printed on dark ground in mad-
leading printworks in France during the 18th century. This piece, c. 1780 der colours, principally brown, tan and red; dating from about 1800

“L'Offrande & i'amour,"" copperplate-printed cotton by Jean Baptiste
Huet, chief designer for Oberkampf, whose early designs were pastoral
scenes, such as this one printed at Jouy about 1804

English cotton, plate printed in red: by Nixon and Co.,
Phippsbridge, Surrey, one of the leading English copper-
plate-printing factories. This piece dates from about 1770

PRINTED TEXTILES: FRENCH AND ENGLISH BLOCK PRINTS

BY COURTESY OF (TOP LEFT) ELINOR KERRELL COLLECTION, (TOP RIGHMT) THE METROPOLITAN MUSEUM OF ART, ROGERS FUND, 1926, (BOTTOM LEFT)
COLLECTION OF THE NEWARK MUSEUM; PHOTOGRAPH, (BOTTOM RIGHT) JACK SKEEL FOR ENCYCLOPEDIA BRITANNICA, INC,



PLATE VIII TEXTILES

printing greatly accelerated the output of printed textiles during the early 1800s

L eft: English block-printed cotton in madder celours from Bannister hall, Lancashire;
1836. Founded c. 1798, Bannister hall designs set the style for other textile factories

. Wt p
**Honeysuckle,” English block-printed chintz designed (1876) by William “L’Afrique,” French block print on cotton and linen designed by Raoul Dufy
Morris, who revived textile printing as afins art during the 19th century lor Bianchini Ferier of Paris; dating from about 1924

PRINTED TEXTILES: ENGLISH AND FRENCH BLOCK AND ROLLER PRINTS

BY COURTESY OF (BOTTOM LEFT AND RIGHT) VICTOR!A AND ALEERT MJUSEUM; PHOTOGRAPHS. (TCP LEFT) JACK SKEEL AND (TOP RIGHT) €. H. CANNINGS FOR ENCYCLOPEDIA BRITANNICA, INC,
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The decorative techniques traditional from early times are em-
broidery, resist dyeing, hand painting (with mordants) and brocad-
ing. A widevariety of materials have been employed for weaving,
but the one most commonly used was cotton. Excavations at
Mohenjo-Daro have shown that cotton was woven at least as early
as the 3rd millennium B.c. The few minute fragments discovered
owed their chance survival to impregnation with silver salts, ab-
sorbed from thewalls of the silver vase in which they had remained
for at least 4,000 years. Traces of purple dye, thought to be
madder and therefore suggesting an early knowledge o dye chem-
istry, add to the significance of the discovery, while the numerous
spindle whorls found at the same ste—some o crude pottery and
others of more expensive faience—suggest that spinning was prac-
tised extensively and by all classes. Contemporary sculptures
and terra-cottas show that at least two articles of costume for
which India became famous, the girdle and the shawl, were already
worn at this period.

Evidence is lacking for the thousand years following the col-
lapse of the ancient city-states of the Indus valley; but the
Greek physician Ctesias, writing in the early 5th century B.c.,
mentions the popularity o brightly coloured Indian textiles among
the Persians, an indication that Indian fabrics were being made
for export at least as early as this period. It is not known when
they first reached Europe, but the use of the oriental word car-
basina (Sanskrit karpasa) for cotton in the Pausimachus of Statius
Caecilius suggests that it was before 200 s.c. Strabo, on the
authority of Megasthenes (c. 300 B.c.), recorded the Indian love
o finery and ornament, and added, "Their robes are worked in
gold, and ornamented with precious stones, and they aso wear
flowered garments of the finest muslin.”

During the 1st century A.n. Indian muslins became famous in
Rome under such names as nebula, gangetika and venti textiles
("woven winds"), the latter exactly translating the technical name
o a special type of Dacca muslin still being made in Bengal in
the 19th century. Silk was also an important export to Rome,
both as yarn and as finished cloth, but the author of the Periplus
(Circumnavigation of the Erythraean Sea), written spmetime be-
tween ADp. 50 and 130, makes it clear that the raw material was
imported into India from China. Wild silks had been woven in
India before this, but there is no proof that the domesticated silk-
worm was introduced into India from China before the medieval
period.

Although there is no specific mention of dyed cottons in the
Periplus, excavations at the site of the Indo-Roman trading
station at Arikamedu, near Pondicherry, have revealed that large-
scale dyeing operations were undertaken in the immediate vicinity
o the port. Further proof that the Indian dyer was aready fa-
mous in the Roman world for his skill isindicated by a reference
in St. Jerome's 4th-century Latin translation o the Bible, Job
being made to say that wisdom is so enduring that it "may not be
compared with the dyed colours o India" Thereisaso evidence
that by the 8th century ap. Indian dyed cottons were known in
England, for Bede records in his Life of St. Cuthbert that the
Synod of Clovesho forbade priests to wear clothes tinctae Indiae
coloribus ("dyed with Indian colours™).

Indian textiles of the medieval period can be studied in some
detail from the Ajanta wall paintings (particularly those attributed
to the 6th century a.n.). Apart from embroidery, at least four
distinct techniques can be identified: bandhana, or ordinary tie-
and-dye work; double tied-resist dyeing (ikat); brocading; and
fine muslin weaving.

From the 12th century onward Indian dyed cottons were ex-
ported in bulk to Egypt, and many such pieces have been recovered
from the sites of old urban rubbish dumps, especially at Al Fustat
(Misr al Qadimah), the exceptionally dry climate accounting for
their preservation. 'These are the oldest Indian patterned fabrics
surviving

From earliest times there have been two distinct weaving tradi-
tionsin India. The first was the domestic one, practised in every
village into the 20th century and mainly concerned with meet-
ing local needs. The second was the more specialized tradition
of commodity production, mainly concentrated in or near market

towns and characterized by guild organization. Whereas in the
oldest literary records (such as the Rigveda) the weaver is femi-
nine, the development of commaodity production in the 1st millen-
nium B.c. seems to have established professional weaving as an
exclusively male occupation. During the 2.000 years between the
Roman period and the decline o the handloom industry in the
20th century the main areas of commodity production remained
the same. They are described in the Periplus in much the same
terms as they were described by travelers of the 17th and 18th
centuries. These main areas were: the west of the subcontinent
with Gujarat, Sind and Rajasthan as the focus; south India, com-
prising the Coromandel coast as it used to be known, stretching
from the Kistna delta to Point Calimere; and the lower Ganges
valley, between Varanasi (Benares) and the Delta. The main
reason for this disposition of the industry was of course geo-
graphical. Each o the three areas could offer ports suitable for
foreign shipping, and also comparative ease of inland commu-
nication.

From the 16th century onward Indian pattern and design were
much influenced by Persia. This influence reached India in the
first place through Islamic court fashion; but by the 17th century
it had spread to the villages. Many of the sprigged patterns and
floral diapers so characteristic of the Indian block printer's art
o later centuries were derived from Safawid Persia. The history
of mordant printing with blocks (as opposed to the application of
mordants by brush) is complicated, and it is not possible to estab-
lish with certainty that the former technique was practised in
India before the period of Islamic influence. The balance of avail-
able evidence suggests that the technique of mordant printing with
blocks reached India about the 17th century from Turkey.

One o the oldest traditional techniques of textile decoration
and one that has been very widely practised in India is bandhana.
Portions of a silk or cotton cloth are tied tightly with wax thread
before the whole cloth isdipped in a dyevat; the threads are after-
ward untied. the parts so protected being left uncoloured.

The technique of ikat or double-resist dyeing, in which warp
and woof are dyed separately by the tie-and-dye process before
weaving. was practised in Orissa and the Deccan as well as in
Gujarat. At Patan, in Gujarat, which produced the finest work of
this kind in silk, such fabrics, known as patolas, were used espe-
cialy as marriage saris. They were also extensively exported to
southeast Asia from the 12th century onward. giving rise to many
imitations in those countries.

The main centres of brocade weaving were Varanasi, Ahmedabad
and the Deccan. The brocades for which India has been especially
famed are woven silks in which part of the pattern is distinct
from or supplementary to the wefts. Those woven in pure silk
are called amrus, those with gold or silver thread in addition to
silk, kimkhabs (Anglo-Indian, kincob).

Another form of brocading for which India was especialy fa-
mous is the cashmere shawl. |n this the technique corresponds to
what in Europe would be called the twill-tapestry method.
Coloured wefts are inserted by means of floating wooden bobbins
on a simple loom. The weft threads alone form the pattern and
do not run the full width o the cloth. being woven back and forth
round the warp threads only where each particular colour is needed.
The finest cashmere shawls were made of asli tus, the fleece frorn
the underbelly of a particular species of wild mountain goat; the
majority of shawls, however, were woven with the fleece of domes-
tic goats, usually mixed with wool. The origins of the cashmere
industry are obscure but can be traced back at least to the 15th
century. Cashmere shawls were extremely fashionable in Europe
between 1780 and 1880, during which period many European imi-
tations were made on both drawlooms and Jacquard looms, espe-
pecialy at Norwich (Eng.) and Paisley (Scot.) and at various
centres in France. The European imitation is always distinguish-
able from a cashmere original by the fact that in the latter the
weft threads are inserted in the tapestry method and only for
that portion of the required colour. not for the full width of the
cloth.

Between 1600 and 1800 silk and cotton textiles were exported
in large quantities from India to Europe mainly through the
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agency of the Dutch, English and French East India companies.
The three classes of piece goods most in demand for this trade
were plain-woven cottons (sold in competition with European
linen), hand-painted cottons or chintzes (much coveted in Europe
because of the brightness and permanence of their colours) and
silk or mixed silk and cotton fabrics mainly used as dress materials.
These goods were usually commissioned according to patterns
sent out from Europe in the first place, but in the process of
copying or adaptation the Indian craftsmen often infused an
exotic spirit into the design's that actually increased their appeal
in Europe. The importance of this trade is testified by the num-
ber of Indian textile terms assimilated into the English language:
chintz, palampore, pajama, seersucker, dungaree, shawl and so
on.
See also references under "Textiles" in the Index (volume.
J.C. 1)
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TEXTILES, HOUSEHOLD. This article describes the
kinds of fibres and fabrics used in table linen. bed linen, tonels
and kitchen cloths; offerssuggestions for selecting and buying such
articles; and makes recommendations for their care, including
laundering. For their manufacture see WEAVING and articles on
the different fabrics. such as Damask and LiNEN AND LINEN
MANUFACTURES. See also EMBROIDERY; LACE and TEXTILES.

TABLE LINEN

Types of Fibre.— Linen is traditionally the most desirable of
fibres for table coverings. Until the early part of the 20th cen-
tury, in fact, they were almost invariably made from it. thus
giving rise to the generic term table linen. Linen is very hard-
wearing and is unaffected by the correct use of reagents for the
removal of food stains and normal high-temperature laundering.
If fully bleached during manufacture, it retains its whiteness dur-
ing years of usage without recourse to an oxidizing bleach. and,
if stiffened and well ironed. it has a crispness and sheen which
contributes much to the attractiveness of a well-appointed table.
Linens represent beauty and luxury. and so well do they wear
that they are often passed from one generation to the next as
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cherished heirlooms. Cotton also is suitable for use in table-
cloths. as it can be laundered at high temperatures and is not
harmed by the correct use of the normal stain-removing agents,
but it does not have quite the crispness or sheen of linen. The
mercerization process does, however: increase the sheen. Cotton
will readily take bright dyes which are fast to washing, so that
gay-coloured patterned tablecloths can be manufactured.

Viscose rayon is a versatile fibre that can be finished to simu-
late linen or cotton and is less expensive than either. 1t can be
treated to withstand normal washing but it is not so resistant to
stain-removal agents as linen or cotton. It has a soft handle and
therefore drapes easily, and it can be dyed to give lasting. pleasing
pastel shades for coloured or patterned cloths. The chief virtues
of such man-made fibres as nylon, Orlon and Dacron (Terylene)
for table coverings are their ease of laundering and low mois-
ture absorption. Cloths made from them require only washing
and drying. without further finishing. and food stains can usually
be removed very readily since they are not absorbed. Like rayon,
these man-made fibres can be treated during manufacture so that
the finished product may have the appearance of either cotton
or linen. Oilcloths, pyroxylin covers and those manufactured
from plastics of the polyethylene and polyvinyl types offer at low
cost table coverings that are resistant to moisture and to soiling
(but not to heat) and can be cleaned by wiping. Paper table-
cloths are also on the market.

Types of Fabric.— Damasks remain the aristocrat of table
linens and are usually made from linen fibres, but cotton, rayon.
man-made fibres and blends or mixtures of these with each other
or with linen are sometimes used. Damask is a single-structure
fabric woven on a Jacquard loom. The designs. which may be
geometrical or floral, are obtained by the use of long floats on a
satin or twill background. Damask may be single or double. Only
high-quality long fibres are used for spinning the thread from
which double damask is made and this, together with the long
floats, leads to a closely woven fabric with a high sheen, having
more yarns per squareinch than single damask. In single damask,
the proportien of weft to warp threads is roughly equal, but in
double there are more weft than warp, often in the proportion of
three weft to two warp. Single damask usually has less than 160
threads per square inch whereas double has more than 170 per
square inch.

Ginghams are medium- and lightweight cotton fabrics woven
with dyed yarns to produce striped or checked effects. Cloths
made of seersucker. a crinkled cotton fabric that does not require
ironing, are usually in brightly coloured stripes or checks.

Small cloths or cloths for special occasions may be embroidered
either by hand or by machine. Hand-embroidered cloths from
many countries. including China. Italy. Puerto Rico, Spain and
Switzerland, are on the market. The embroidery may be in
either cotton or linen thread to match the fibre of the cloth or
may be in coloured threads, as is often the case with Chinese
embroidered cloths. Special cloths may also be made from lace or
have lace insertion. Originally lace was handmade but is now
mostly machine-made. The thread used for making it may be
either linen or cotton and many of the designs are traditional.

Qilcloths for table use consist of a lightweight cotton material
which has a waterproof coating on one side and a backing of a
plain loosely woven cotton cloth. This is then coated with sev-
eral layers of a vegetable oil mixed with colour pigments and
fillers. Afterward the surface may be finished to give either a
dull or shiny appearance and may be printed or embossed. To give
a soft undersurface. the backing is often napped or brushed.
Pyroxylin covers are similar to oilcloths, but the cellulose coating
produces a more flexible and durable surface and there is little
tendency for pyroxylin to become brittle and crack, as does oil-
cloth.

Plastics are nonwoven materials made without yarns. Sheets
are formed by molding, extruding and calendering. Decoration of
the surfaces may be accomplished by printing, embossing: em-
broidery and chemical treatment; these modifications make in-
teresting and attractive textures with patterns that simulate
woven fabrics. Additional strength and increased versatility can
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be obtained by the use of fabric backings bonded to the plastic.
Paper fabrics for use as tablecloths are usually made by a bonding
process in which a cross-laid web of thermoplastic fibres is lami-
nated on either side with high wet-strength cellulose webbing.

Table napkins are manufactured from the same fibres and woven
into fabrics similar to those used for tablecloths. Materials suit-
able for place mats include, in addition to the fabrics named,
terry cloth. cork and straw.

Selection of Table Linen.— Use or purpose is of primary im-
portance in selecting table linen. It is customary to use white
linen damask tablecloths for formal dinners and banquets, while
pastel-shade damasks are suitable for luncheons, suppers and in-
formal entertaining in the home. Lace. embroidered and other
fancy linen cloths are suitable for afternoon tea. Breakfast cloths
and those used for informal supper parties are usually bright in
colour, often of gingham or seersucker. OQilcloths, pyroxylin and
plastic are popular for table covers in kitchens and summer cot-
tages. Clear, lightweight plastic may be placed over plain woven
cotton or rayon cloths to serve as a protective cover. Decorated
plastic and plastic-coated materials are often used as table covers
for informal service.

For most occasions table napkins are chosen to match the cloth,
in fibre content. weave and colour. For informal parties, con-
trasting napkinsin gay colours are often used.

In selecting place mats, colours should be chosen to comple-
ment the wood of the table surface and the fabric or other ma-
terial should suit the degree of formality of the occasion.

Size.—Thesize of the cloth for a particular table is determined
by measuring the width and length of the table and adding on
20-36 in. to each figure to allow for an overhang (with an addi-
tional allowance if the material is not preshrunk). Tablecloths
and napkins are made in a number of standard sizes. Table mats
should be of a convenient size and shape to fit the table and. if
place mats are chosen, they should be sufficiently large to hold a
complete well-spaced place setting.

Quality and Durability. — The staple or average length of
the fibres from which yarn has been spun is o fundamental im-
portance, for the longer the staple. the better the wearing qualities
of the fabric. The best-quality linen cloths are made from the
long flax fibres called line. for the yarns will be uniform through-
out their length and have a high lustre. The presence of short
flax fibres called tow isindicated by the appearance of thick uneven
yarns in the fabric. which will give a fuzzy surface when rubbed.
The staple length of different kinds of cotton varies considerably.
but for damask cloths only the longest, strongest and finest fibres
can be used satisfactorily.

When comparing quality, yarn number or size and fabric count
or number of yarns per square inch should be the leading basis for
selection. Generally, fabrics containing the larger-sized yarns
have a lower count. The relationship of yarn number and fabric
count can be readily seen when one visuaizes that the finer the
yarns the closer they may be woven. All other factors being equal,
the greater the number of warp or lengthwise yarns and weft or
filling yarns, the stronger the fabric. Compactness of construc-
tion is especially important in damasks: the long floats formed
as a result of the production of intricate patterns on the Jacquard
loom may adversely affect the wearing quality of the fabric, if
not closely battened during weaving. A good single damask is
more durable than, and therefore preferable to, a medium- or
low-grade double damask. A poor-quality cloth is sometimes
treated with an excess of size to give the appearance of a compact
and closely woven fabric. This may be determined by rubbing two
surfaces of the fabric together; if too much filler has been used.
a white. powdery substance will be apparent, In good quality
fabricsonly a minimum amount of sizing need be added to produce
a smooth appearance, and therefore little powdery residue should
be deposited.

Finishing techniques are also important. The durability o cot-
ton damask is greatly enhanced when the yarns have been treated
with a permanent antilint finish which enables the cotton to retain
the smooth handle, characteristic of damask, through the many
launderings which the cloth must of necessity withstand. If the
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item is coloured or printed, the kind of dyestuff and its method of
application are of major importance. As a class, vat dyestuffs are
considered to ha e the highest degree of colour fastness when
properly applied. The dyes used on table linen must, of course,
be those that are fast to washing. and fastness to light and to dry
cleaning are also extremely desirable. Hems should be even and
sewn with short, regularly spaced stitches. A plain hem is more
serviceable than one hemstitched either by hand or machine.

How well household textiles wear depends to a large extent on
how well they launder, and this in turn depends on the fibre,
type of construction, colour fastness and presence of special
finishes. Linen and cotton are outstanding in this respect: the
fibres are stronger wet than dry and tlferefore resist satisfactorily
any wearing action in the washing; they can withstand high-
temperature washing and are unaffected by the correct use of
heavy-duty or built detergents, so that it is possible to thoroughly
remove soil from them. The man-made fibres such as rayon have
properties similar to the raw materials from which they were
manufactured. but. as the fibrous polymers are partly degraded in
their reformation during manufacture: the man-made fibres show
increased sensitivity to laundering conditions. The synthetic
fibres such as nylon are hydrophobic (water-repellent) by nature;
therefore soil does not penetrate easily into the fibres and food
stains are easily removed by laundering. Construction is also im-
portant; in general, the smoother, firmer and closer the weave,
the more stable the fabric. Some fabricsin fancy or loose weaves
cannot be laundered satisfactorily when made from natural fibres
because the material tends to lose its shape, but with the use of
man-made fibres this difficulty is overcome. Special finishes,
such as those to minimize shrinkage, reduce static effects and in-
crease resilience. may necessitate slight modifications in washing
methods.

Cost.— This varies with fibre content, quality of fabric, intricacy
of design, special decorations and size. The most expensive cloths
are made of linen. In damasks, the more intricate the design, the
higher the cost. and damask table napkins and mats with an all-
over design are cheaper than those with a central pattern. Hand-
made lace and hand-embroidered cloths are often the most
expensive; hand work such as appliqué and lace insertions also
adds to the price oi the finished item. It may be assumed that
cost increases with the size of the cloth. Though the initial cost
o linen table coverings and napkins is generally greater than
that for other fibres. the service to be expected from such fabrics
when properly constructed and woven makes them an economically
wise choice. Cotton, rayon and the man-made fibres alone or in
blends are attractive and less expensive materials.

Cave and Storage.— Table linen well-laundered and carefully
stored will have a long life and remain in good condition. If the
cloth or napkin becomes stained or spotted during use, it is ad-
visable, when possible, to remove these stains before they have
had time to dry into the fabric. The stains normally should be
treated with the appropriate reagent but where dealt with im-
mediately water is ofteh all that is necessary. Table linen is
laundered by the method suitable for the fabric from which the
article is made. White linen damask cloths can be washed at high
temperatures up to 160" F. with a fair degree of friction, whereas
rayon cloths should not be washed at temperatures exceeding
120° F. with a minimum amount o friction; i.e., shortest washing
time. -All table linen should be rinsed until the rinsing water is
clear, and cotton and linen damasks should be stiffened either by
the use of starch or by the use of a synthetic resin. White cloths
should be ironed on the right side to give as high a gloss as pos-
sible; any appliqué or embroidery should then be raised after
ironing by pressing on the wrong side on a padded surface. It is
customary to fold table linen in screen folds. large cloths in four
and table napkins in three each way, small cloths in whatever way
is most suitable for use and storage. It is desirable to have as
few folds asis consistent with ease of storage and.handling, as the
fewer the folds the neater the appearance of the cloth on the table.
Table linen should be stored on shelves in cupboards or closets.
The storage place should be dark, cool and airy to prevent yellow-
ing and deterioration of the fabric. A place that is warm, such as
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the top shelf of an airing cupboard, is not suitable for storing
linen for any length of time. It is better to have several shelves
narrowly spaced rather than few with wide spacings, as shallow
piles of linen make for a minimum amount of creasing. Though it
is most usual to store table linen in piles folded and flat. fewer
creases will occur if cloths are folded only one way and then
lightly rolled around cardboard or paper tubes and stored in ralls.
Tray and teacart cloths and table runners also can be stored satis-
factorily in this way. If linens are to be stored for a long time
al starch and sizing should be washed out carefully and the
articles thoroughly dried before being put away, to minimize the
danger o damage by mildew.

Tabl ePads.— Used underneath a large cloth. table pads protect
the polished wooden surface of the table. help make for quieter
serving and often add to the draping qualities of the cloth. The
pad may be made of felt alone or of felt with a waterproof top
surface. The pad may be of the exact size of the table or. if
sufficiently soft to drape, may have an overhang. If the table
is large it may be more convenient to have pads that fold in
sections, as these are easier both to handle and to store.

BED LINEN AND COVERINGS

Bedspreads or Covers.— These should be chosen to comple-
ment the style and colour of the room furnishings. There are two
main kinds. (1) those that are merely a rectangular piece of
material large enough to cover the bed and hang down to nearly
floor level at the sides (and foot, if there is no end board), usually
called bedspreads: and (2) those that are tailored, known as
fitted bedcovers Spreads and covers should be colour-fast not
only to washing and dry cleaning but also to light; lint-free; and
crease-resistant.

Spreads may be made from al types o fibres and fabrics and
may be woven or tufted. The two major divisions of woven bed-
spreads are known as Jacquard woven and non-Jacquard woven.
Jacquard designs are generally more elaborate as they are produced
on the versatile Jacquard loom: patterns include the quilted,
raised, stitched and flat types. Plain and crimped constructions
are included in the non-Jacquard woven category. All types of
fibres and yarns can be used but in every case the weave should
be firm and compact.

Tufted fabrics used for spreads, designated by such terms as
chenille. candlewick and hobnail. are made by inserting yarn into
a plain-woven ground material and slipping the loops to form
tufts of short fluffy yarns. Tufts may be spaced intermittently
or arranged in uninterrupted rows. A good-quality tufted fabric
has a closely woven background and firmly secured pile. In
buying a tufted spread it is important to see that the pile is lint-
free.

Fitted covers may also be made from all types of fibres and
weaves. but they are rarely tufted. The material is usually either
plain in colour or bears an alover design which will lend itself
to cutting and joining with little waste for pattern matching.
These covers can be bought ready-made in standard sizes or made

to fit a particular bed.
Blankets. — Made from soft yarns which can be heavily teased

or brushed up so that a layer of air is entrapped on either side of
the fabric, blankets provide maximum warmth with minimum
weight. Wool is the traditional fibre and has many properties that
make it highly satisfactory for this use. Though usually the
highest in initial cost, a good blanket, i.e., one made with long,
strong fibres,. a high tensile strength, a compact weave and a strong
nap. will give years of service. A high-quality all-wool blanket
is soft to handle. fluffy in texture and light in weight.

Fibres other than wool may be used alone. or in blends with
each other. or with wool. each giving special qualities designed
for a specific purpose. Cotton is desirable for summer coverings,
as it is cooler, easier to wash, less expensive and not attacked by
moths. A wool content of 25¢ or more gives slightly more
warmth than an all-cotton blanket. Orlon blanketing is light-
weight. insect-resistant, retains heat and is machine-washable (as
are wool and Orlon blends). Acrilan produces a very warm ma-
terial that has exceedingly good shrinkage control and is naturally
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moth- and mildew-resistant. Proper construction has reduced the
shedding problem and with adequate care piling and wrinkling may
be kept to a minimum. Dynel received some use in bedding but
is not highly satisfactory as it tends to shed and is very heat-
sensitive. Rayon may be found alone or in blends in low-priced
blankets, but care is necessary in laundering because rayon tends
to lose some of its strength when wet. Some luxury blankets con-
tain cashmere, camel's hair and Kashmir or goat hair.

Electric blankets provide uniform. controlled warmth without
much weight, a single covering taking the place of two or three
conventional blankets. In some, dual controls permit adjustment
of temperatures to individual preference in the double-bed size.
While performance is not affected by wool content, the presence
of wool results in a more luxurious nap, better appearance and
increased durability. Safety isassured if the wiring carries Under-
writers' Laboratories Inc. approval or other specifications. Elec-
tric sheets are lighter and are used over the regular top sheet.
Comforters or quilts that are electrically controlled are also
available. Instructions as to the care of the electric blanket
are given at the time of purchase and should be followed.

Comforters, Eider Downsand Quilts.— These may be chosen
for their attractiveness but they are also very practical, adding
greatly to warmth with very little weight increase. Often they
serve as bedspreads or coverlets by day. They are made in a wide
range o fabrics, which should be closely woven to keep in the
filling. Coverings of comfortersor eider downs may be of cotton,
acetate or rayon satin, taffeta, brocade and matelassé. Even
quilting assures even distribution of the filling, which may be
of down, feathers, wool: cotton, acetate or of nylon, Dacron and
Acrilan. The beauty of the covers may be enhanced by scroll
stitching. A cap end at the foot of fitted satin comforters or
eider downs helps to hold them in place, as also do drapes at the
side which can be tucked in. Backings of cotton flannelette or
other cotton fabrics reduce the tendency for them to slip off during
sleep. In the care of these articles the outer covers as well as
the inner fillings should be considered. Down. feather and wool
fillings are usualy dry-cleaned while the man-made fabrics have
the advantage of being washable. Washable coverings must be
resistant to fading from laundering and light. Quilts are generally
o solid colour or printed cotton fabrics and are employed when
less warmth than that provided by a comforter or eider down is
desired.

Pillowcases and Sheets.— To determine quality when buying
cotton or linen sheets, one should hold them up to the light: in a
good-quality sheet the light shows through evenly. indicating that
the yarn is of even thickness throughout; a poor-quality sheet
will show light and dark patches. Sheets should be tested for
excess sizing in the same way as table linen. Some sheets are
manufactured with more threads to theinch down the centre strip.
the area of greatest wear. than at the sides. The selvages should
be strong and woven with extra yarns to give a tapelike effect.
The size and finish of the hems should also be examined. The
sheets should have been torn to size and not cut, so that they are
on the straight of the thread and have square corners. (This can
be determined by a close look at the hems.) XNylon blended with
cotton will give increased wearing qualities as it increases the re-
sistance to abrasion. Fibre and cotton blends. on the other hand.
while increasing the comfort value of the sheets, reduce the wear-
ing qualities. Drip-dry finishes applied to cotton sheets reduce
the need for ironing but tend to reduce abrasion resistance and to
increase both the protein-stain retention and the chlorine retention.

Sheets made entirely of nylon or Dacron (Terylene) are easy to
launder. but the slipperiness of these fibres and their low moisture
absorption are disadvantages that should be recognized. Some
knitted nylon sheets are brushed on one side to give a raised
pile and are therefore more comfortable.

The width of the sheet should be equal to the width of the bed
plus 30 in.. to give a satisfactory tuck. A standard length is
108 in. before hemming. Fitted styles (with shaped cornersi are
easy to launder, and the bottom sheet in particular requires no
ironing. To ensure proper fit. the precise mattress measurements
are necessary. Pilloncases should be at least one inch wider
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than the pillow. and are usually chosen to match the sheets in
fibre content, colour and weave.

TOWELS

Terry Cloth Towels.— This type of material is most commonly
used in bath towels and face cloths because of its softness and
high degree o moisture absorption. It is made from a looped
warp pile fabric. the loops being formed on one or on both sides
by means of a special system of interlacing the yarns. Two sets
of warp yarns are used, one of which is held tight and the other
loose to form loops which are left uncut. The number of loops
varies from 204 to 366 per square inch.

Most terry towels are made from cotton because of its dura-
bility and ability to absorb and hold moisture. The grade of cotton
fibre and the way the yarn is twisted and spun are basic factors
in satisfactory service. The uniformity of the underweave and
its compactness determine the resistance of the towel to wear and
are an accurate measure of its strength. This property is easily
distinguished by holding the towel to the light: small, evenly
distributed pinpoints of light are indicative of a regularly woven
fabric; a close, tight weave has the ability to hold more o the
absorbent loops and to hold them more securely. An indication
o the nature of the foundation fabric can be seen from looking
at the areas without loops near the hems or borders. Plain or
basket weaves are less durable than a twill weave. A compact
construction with a balanced count is essential for good wear.

The absorbency depends on the number of loops in the pile. their
length and quality. The thicker the pile, the greater the surface;
thus the higher the absorption value o the towel. A really good
cloth is said to soak up approximately five times its weight of
water. For maximum absorbency yarns should be loosely twisted
and the loops formed from them of reasonable length. Texture
ranges irom soft to hard, but whatever the texture a durable
towel will feel firm and resilient to the touch. Selvages should
be finished to give a firm edge and the weave should be very close.
Hems should be sewn with small, even stitches and on the straight
of the thread.

Terry towels are made in a variety of sizes to suit personal
taste and purpose. Surfaces may be plain or sculptured, but
elaborate designs reduce absorbency by limiting the number of
loopsin thepile. Embroidered effectsin colour, dobby or Jacquard
woven borders and the use o metalized yarns give high style
characteristics to these articles. Colours in toweling range from
pastel to dark shades.

Other Fabrics.— Textured fabrics, which as a group are less
absorbent than terry cloth, serve specific purposes as personal
and household toweling materials. Huckaback, generally known
as huck. is a durable fabric with a rough-textured surface and a
pattern produced by long warp yarn floats. Usualy made of
linen. it is an absorbenf material and is used for hand, face and
guest towels. Crash is a coarse fabric with a rough, irregular
surface obtained by weaving thick, uneven yarns. It is manu-
factured in different weights, the heavier type being used for dish
towels and the lighter weight for glass, face and guest towels.
Glass toweling, a plain weave linen fabric. is similar to crash but
o light weight and construction. The fine yarns prevent linting,
but the smoothness essential for polishing glassware reduces the
rate of moisture absorption. The Jacquard woven or damask
fabricsare used in face and guest towels. The quality of the linen
yarnsissimilar to that found in tablecloths and the same qualifica-
tions apply. Fibres such as cotton or rayon map aso be present.
to lower the cost and to increase lustre. Bird's-eye. woven on a
dobby loom with a small diamond pattern and a dot or eye in the
centre, has heavy, loosely twisted filling yarns to make it more
absorbent. It is used for dish towels. Honeycomb. also called
waffle cloth, is similar to bird's-eye. the rough surface resembling
the cells of a honeycomb, and is highly absorbent.

LAUNDERING OF FABRICS

Most fabrics can be laundered satisfactorily, but in doubtful
cases some warm water should be tried on a small area d the
material in the least conspicuous place. The material should then
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be inspected to see if there is any shrinkage, alteration in colour
or general appearance. both in the wet state and after complete
drying out. before immersing the whole articlein water. Washable
fabrics should be laundered frequently so that the dirt can be
removed from them with the minimum amount of friction. The
actual method of laundering an article depends more on the nature
o the fibres and fabric construction, and on any finish given to the
fabric after weaving, than on the type of article. For example, a
blanket and a cardigan both made of wool should receive similar
treatment during laundering. whereas the method of laundering a
drip-dry cotton sheet should be different from that of a cotton
sheet that has not been so finished.

Processes.—Preliminary Treatment.—Articles should be shaken
or brushed to remove any loose dust or fluff before they are put
into water. This is particularly important in the case of such
articles as curtains, blankets and bedspreads, which are not washed
every week. Double articles such as pillowcases and cushion
covers should be turned inside out and the seams and corners
brushed, as should pockets, trouser turnups and the inside folds
of pleats. Any known stains which are not likely to be removed
by washing should be treated and removed at this stage.

Soaking or Steeping. — Articles that are going to be hand-washed
are often first steeped for one or two hours. This process does
remove some water-soluble dirt and loosens the rest, so that the
washing process is less arduous. All white and fast-coloured
linens and cottons and some of the man-made fibres such as nylon
and Terylene can be put to steep to facilitate dirt removal. |If
there are no protein stains present in the fabrics. warm water
should be used, and the addition of a detergent will increase the
amount of dirt removed by soaking. Thearticlesshould be opened
out and there should be sufficient water to allow free movement.
After steeping and before washing. as much water as possible
should be removed from the articles.

Washing—This may be done by hand or by machine. The
temperature of the water and the degree of friction employed (the
length of time aliowed in the machine) depends on the nature of
the fabric. For white cottons and linens. high temperatures and
maximum wash time can be allowed, for white nylon and Terylene,
moderately high temperatures and a fair degree of friction; for
woolens the temperature should not exceed 104° F. and the amount
of friction should be reduced to a minimum. For fugitive colours
salt added to the wash water may reduce bleeding, but a synthetic
detergent must then be used since soap is not soluble in salt solu-
tions. Collars and cuffs and other parts of articles where there
is a high degree o local soiling should be treated by rubbing or
scrubbing with detergent before starting the general wash.

Rinsing. — Efficient rinsing is as important as adequate washing
to ensure that there is no dirt left in the fabric. During the
rinsing process the water should be changed frequently and the
process continued until the water is clear.

Wringing—Water can be removed from fabrics by hand wring-
ing, hand squeezing. rolling in a dry cloth, passing between rubber
rollers or by centrifugal force in a spin dryer. The degree of
force used, or the length of time alowed in the spin dryer, depends
on the nature of the fabric. Cotton and linen, unless specially
finished. can be passed through a wringer most satisfactorily, but
knitted woolen goods should be urapped in a cloth before being
put through rollers to avoid stretching and undue strain on the
wet wool  Articles made from many of the man-made fibres are
best rolled in a dry terry towel to remove surface water, so that
they will not drip when hung up to dry. Passing them through
a wringer may cause creases which are difficult to remove. If
they are put in a spin dryer only the minimum time should be
alloned. Drip-dry articles should not of course be squeezed in
any way and neither should articles made from fabrics that retain
creases made in the wet state, such as some forms of rayon
taffeta.

Boailing.— If articles are boiled, the process should come after
washing and rinsing, and best results are obtained if they are put
into the boiler when the water is at a low temperature, allowed
to come up to boil and held at boiling point for 5-20 minutes.

Stiffening.—Some household linen and personal articles may
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require stiffening after washing to give satisfaction in use and
wear. The most usual stiffening agent used in laundrywork is
rice starch. The degree of stiffness obtained after ironing depends
on the thickness of the yarn and the closeness of the weave o the
fabric, as well as on the strength of the starch solution used. This
treatment hasto be applied every time the article is washed. There
are some commercial preparations on the market based on thermo-
plastic resins which give a stiffness lasting through several washes
and which are usually highly satisfactory. For silk and many
types of man-made fibres, starch is not a satisfactory method of
stiffening and gum solution should be used.

When using any of the stiffening agents, the article to be stiffened
should be damp and should be opened out. completely immersed
in. the solution 21d squeezed in it to ensure even distribution. The

rtficle sglould then be wrung to remove as much water as possible
efore being put to dry.

Drying —All articles should be dried evenly and in such a way
as to give as few.creases as possible. If they are to be finished
afterward by Ironing. they should not be allowed to become com-
pletely dry but the process should be stopped when they are at
the correct moisture content for finishing for the fabric from
which they are made.

Finishing—When ironing is necessary. the temperature depends
on the fabric; for linen the sole plate of the iron should be about
450° F.. for nylon 250° F. Dark fabrics are usually ironed on
the WIrong side to prevent shiny patches on the right side. Em-
broidery should be raised by firm pressing from the wrong side
over @ soft pad. For looped or napped surfaces, brushing up
against the pile may give the best result, but velvet pile should
be raised by steaming.

iring — i should thoroughly air r ring.
Hd?]géﬁgld I‘i“rll}ar?sf %.Fleegi red fol dt()?%. l})]St Ogl;lagrmznts ;?e?.lesflfaﬁysi)olacegd
on hangers.

Garments Not Suitable for Washing.—Some garments that
cannot be washed satisfactorily may be sponged and pressed at
home in-between commercial dry cleanings. Any loose dust or

fluff should be removed by brushing. Grease spots can be re-

moved by the careful application of any of the solvents on the

market: care must be taken not to cause ring marks and best re-

sults are ysually obtained by wiping a large area of the garment

with 3 cloth moistened With the solvent before treating localized
ing, shin s on ri i n voi
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soleglate of the iron and the garment or. in some cases, by the
use a steam iron.
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(1946) ; K. P. Hess. Textile Fibers and Their Use, 5th ed. (1934);
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Potter and B. P. Corbman, Fiber to Fabric, 2nd ed. (1954); I|. B.

ing Textile Fabrics and Their Selection. 4th ed, (1935); “Textile
Wé?&z}rt)?’ in the Dic%ona;‘y ofh'FextlIe Terms (1936).
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TEXTUAL CRITICISM, a general term for the application
of logical method to analyzing the relationship between preserved
and inferential forms of a text. followed by the application of
various techniques. including critical judgment. designed to estab-
lish what will ordinarily be the single definitive form of the text.

This article is concerned with general principles of textual
criticism, particularly as they apply to the study of literature. For
a related discussion. see BiBLiograPHY: Textual Bibliography.
For a detailed consideration of the critical problems posed by
variant manuscript texts of the Bible and variant codices o the
Old and New Testaments. see BisLE and BIBLE. TRANSLATIONS OF.

CLASSIFICATION OF TEXTS

By "text" ismeant a series of word forms inscribed in alanguage
knonn. more or less, to the inquirer. and assumed to have a mean-
ing that has been or can be ascertained. Thus, decipherment or
recovery of meaning from inscriptions in lost tongues is not textual
criticism.  Texts may be preserved in autograph or in transmitted
form. Transmission may be as close as the immediate copy d an
autograph, or as distant as copies of copies to any degree; more-
over. texts may be transmitted in written or in printed form (each
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generally defined) or in both. " Transmitted" texts share only one
characteristic: their preserved forms are not written out by the
author in any manner. When there is mixture, the transmitted and
autograph parts are to be distinguished. In some few cases the
problem of oral transmission will arise to complicate the usual
written or printed line of transmission.

Autograph v. Transmitted Texts.—In its purest sense,
"autograph™ has traditionally been applied only to a document in
the writing of the author. Some critics have argued that whatever
has been attested or revised by the author, though in the writing
o another, may also be included under autograph; but this posi-
tion is impractical. If a copy made by an intermediary could be
assumed always to be absolutely exact, or the review of the author
that of a strict and accurate collator so that his attestation or re-
vision carried the guarantee that in no respect did the whole de-
rived document vary from its origina in his own writing, the
broader definition might be acceptable. But common experience
shows that neither requirement is ordinarily met. and hence ap-

pro~"'by an author of 3 nonautograph copy can under no cir-
cumstances bestow on that 0Py the authority inherent in a true
autograph original; nor can authorial revision extend specific auto-
graph authority further than the autograph revisions themselves.

In fact, textual criticism is accustomed to treat questions of
authority with considerable literalness, and does not confuse what
is authoritative with what is necessarily right. Most autograph is
likely to contain slips and errors that are wrong by any absolute
sLandard and would be acknowlegged as wrong by the author if
they were pointed out to him. the other hand, lacking such

specific acknowledgment, g critic has no option but to view auto-
graph errors as authoritative, since no higher authority can be en-
visaged than the author; but this concept does not prevent their
critical correction.  Correspondingly, when autograph is not pre-
served, the form of the text that lies nearest in genetic relation-
ship to thelost original becomes the paramount authority; and its
errors must be esteemed as part of the only authority that can
be recognized. even though the critic should quite naturally cor-
rect them. The act of correction applied to the most authorita-
tive document that is preserved must always in a sense controvert
authority. There is no harm in this principle once it is recognized
that authority and correctness are not necessarily synonymous.
Under these circumstances. correction, but never revision, can be
made to a more authoritgtive fr%m aless authoritative state of the
text. or independently PY an editor.

Before the invention of the typewriter no difficulty was ex-
perienced in demonstrating that a document was autograph, pro-

vided that a sufficient number of undoubted specimens of the
author's handwriting were preserved for comparison. However, if

writing were to be defined narrowly as handwriting, an author
composing directly on the typewriter would produce no document
that could be admitted as autograph. This situation is anomalous,
for whether an author manipulates a stylus of some variety or taps
marked keys (or, indeed, records his words electronically on mag-
netized tape). he has himself produced his original. and no human
intermediary has entered until a person other than the writer
makes a copy. Autograph. therefore, must be interpreted to in-
clude documents produced in the originator's own handwriting,
typewriting, engraving or recorded voice—or any of the usua
variations of these mechanical processes. The difficulty created in
demonstrating actual production by the originator does not affect
a case for autograph; indeed, the unevenness with which type-
writer keys are struck may offer evidence to the scientific investi-
gator as demonstrable as letter formations in scriat.
Determination of Original Copy or copies.— For al prac-
tical purposes the designation of a text as transmitted defines it
as a nonauthorial copy; its degree of distance from the autograph
origina does not come in question. However. "origina" must be
taken only as a general term, for a preserved autograph may not
represent the originally composed document but a transcript by
the author, either as part of an act of further composition (which
could include revision) or else as an act o producing a fair copy
of the original document. Under few circumstances may a critic
assume that the act of revision is absent from the production of
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an authorial fair copy, although it would be stretching the term to
imply major rewriting rather than relatively minor polishing dur-
ing what is generally a mechanical process. However. until an
author hasafair copy (either autograph or transmitted) which sat-
isfies him, the act of composition scarcely can be concluded. Thus
several originals of varying form and date may be preserved in
autograph, and variant transmitted texts may contain true au-
thorial revisions.

The slippery nhature of an original document must be emphasized,
for critical writing has vastly oversimplified the problem. For
example, a standard definition asserts that the aim of the textual
critic is the restoration of a text, as far as possible, to its origina
form, if by "original form" is understood "the form intended by
the author." This ignores the fact that at different times or for
different purposes an author may intend a composition to take
various forms, each of which will necessarily have its original.
Even final intention, supposing it could always be determined
when more than revision for literary excellence is present, may
be an insufficient criterion. If the version of a play as cut and
rewritten during rehearsals is printed, the author will have ap-
proved it as printed in its acted form, but if he had had an option
he might have preferred to print the initial, more literary form.
Revisions may be undertaken for various motives that do not
meet with universal approbation. Such authors as William Words-
worth and Walt Whitman may in later years so alter their earliest
printed originals as to achieve forms d their poems that cal for
parallel-text editions rather than the rejection (as the authors in-
tended) o the earlier origina in favour o the one that certainly
represented their final intentions. All alterations are not neces-
sarily connected with a desire for literary perfection; changes in
political beliefsor a desire to moderate too frank autobiographical
details may operate. Moreover, it does not necessarily follow
that critics will always agree that an author's purely literary re-
visions are superior to his earlier version.

At any distance authorial intention is usualy quite impossible
to determine for the details of a text, and cannot be used as part
of any scientific definition. If the literary and then the stage
versions of an Elizabethan play are both preserved, as with John
Fletcher and Philip Massinger's Bloody Brother, no later critic
in the absence of collateral evidence can estimate the author's
intention concerning his relative approval or disapprova of the
two different texts. If thisisso, it is clear that a critic would be
greatly misguided to estimate intention or presumed original form
if only one of the two variant forms had been preserved, and the
original existence of the other was either not known or merely to
be inferred. with no opportunity to reconstruct its forever lost de-
tails. Thusa critic must use the term "original" form aways with
a recognition that the word is loose in substance; and a definition
of textual criticism must hedge on its characteristics.

For example, all that can be known, in any strictly authoritative
sense, about a lost original must ultimately derive from extant
transcripts. As a result. the origina can have no recoverable
characteristics not found in the preserved transcripts deriving
from it. The technical original must be thought of only as the
last version of the text produced before the transcription d the
extant manuscripts or prints. and their ancestors, began. In a
textual-critical sense, therefore, this origina may not be, and often
is not the author's original, but instead some transmitted copy of
that other original which is forever out of reach. Any number of
lost versions may have intervened between the textual original and
the author's lost original. Thusiit is quite false to believe that the
critic's purpose in determining the ancestor of the earliest pre-
served forms of the text is "to recover the author's origina."”
Moreover. it is false thinking if what is called the archetype in
Lachmannian textual criticism (see LacumanN., KarL Koxrap
FrRIEDRICH WILHELM) is confused with the author's lost origina
instead of being identified neutrally as the manuscript (or print),
inferential or extant, and presumed to be single unless proved
otherwise, from which all other extant and inferential copies are
derived. In some cases this technical original may be the author's
original; in most, however, it will be some intermediate transcript
of an author's forever lost autograph.
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The aim o the textual critic, then, may be defined (1) as the
methodical establishment of a text in its purest and most correct
form or forms as limited by the evidence of preserved documents;
and (2) asthe application of further techniques, including critical
judgment. to clear a text insofar as possible of errors still present
in the methodically established, or documentary form. The end
of this second process is to approximate at least that substantive
correctness that would have appeared in an authorial fair copy of
atext as represented by preserved documents.

Accidental v. Substantive Variations.— In this definition,
the "purest and most correct form or forms" o a text refers not
only to an original and its possible revision or modification, but
also to a distinction often made in printed texts; i.e., between
(1) the significant, or "substantive” readings o a text, namely,
those afiecting the author's meaning or the essence of his expres-
sion; and (2) others— such as spelling, capitalization, punctuation,
word divison— affecting mainly its formal presentation, which
may be regarded as the accidents and therefore as constituting the
"accidentals" of a text. It may be that one form of a text pre-
serves with considerablefidelity the accidentals of an author while
at the same time containing substantive readings that he has seen
fit to reject on alater occasion. Thefirst edition of John Dryden’s
Indian Emperour (1667) is manifestly closer to his autograph than
any other printed edition, since the slightly revised second edition
(1668) was set from the first: and the considerably revised third
edition (1670) was set from the second. However, this third edi-
tion, which on the whole contains the most authoritative range of
Dryden’s substantive readings, is manifestly inferior to the first
in the authority of the accidentals. since in this respect it is a mere
copy o a copy o the first edition; and Dryden’s general ap-
proval o the text of this play for its revised substantives marked
in a copy of the second edition can under no circumstances be
taken as applying also to the variable compositorial character-
istics. which in many cases have altered the third-edition forms
o the accidentals from their generally more authoritative ver-
sions in the first edition. (It is most unlikely that Dryden ever
saw the 1670 accidentals before publication.) In such a case
the duty o the textual critic is clear. He must establish the
facts that lead to the assignment of the third edition as the last
revised substantive form of this text; and then establish the facts
as between the rival claims (of the first printed edition and a
scribal manuscript of an earlier version of this particular text) to
be the most authoritative form o the accidentals on the whole.
An editor would then place the most authoritative form of the
substantives within the framework of the most authoritative form
of the accidentals.

Much confusion has been caused in critical writing by failure
to observe the two stages of procedure in the establishment of a
text as remarked in the definition finally offered: (1) the fixing
from documentary evidence by logica methods of the most au-
thoritative form or forms; and (2) the emendation of thisinitially
established text to approximate as nearly as possible an inferential
authorial fair copy, chiefly in respect to its substantives. (In a
completely modernized form of any old text, as is customary with
the classics, the substantives constitute the sole problem, of
course.) This final action achieves on a superior level the estab-
lishment of a critically definitive text. At one time only the first
operation was called "textual™ criticism, the second being known
as "higher" criticism; but this distinction lapsed following the
recognition that the second stage of purification involves more
than simple critical judgment and may include bibliographical,
paleographical and linguistic, as well as historical considerations.

The second stage of establishing a text does not differ essen-
tially between manuscripts and printed books. However, the
methods of utilizing preserved documents to establish the first,
or documentary stage of the text often differ so widely between
manuscripts and prints as to cal for separate consideration.

THE GENEALOGY OF MANUSCRIPTS

The majority of manuscript texts requiring methodical textual
criticism date from ancient or from medieval days before the
invention of printing. although the custom of manuscript circula-
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tion may lead to problems even in such late Renaissance authors as
John Donne.

Types of Genetic Relationship.— The analysis of the rela
tionship of preserved forms of a text. as a whole, ends in the draw-
ing up of a genealogical chart, such as the following, appropriate
for a text wholly or chiefly preserved in manuscripts:

(Original)
T

r—o——a
L

I
M N R

The genealogical tree always diverges in its lines of descent
from a preserved or inferential original, the strict definition of
which has been given above as that latest immediate ancestor,
preserved or inferential, to al the manuscripts highest on the
family tree; i.e., to the heads of all families. The process of tran-
scription by which the various copies stemming ultimately from
this single great ancestor are formed is characterized by variation.
If we exclude authorial or editorial alterations, variant readings
arise only from the transmission of documents. Such variation,
in the words of Sir Walter Greg, is postulated as universal; that is,
every act o transcription introduces some variants. Variation is
either "spontaneous™ or "determined.” Spontaneous variation is
unconscious variation; it may range from a mere slip of the pen
to addition, omission or substitution of readings through misread-
ing or lapse of memory. Determined variation is conscious. and
hence usually an attempt at emendation (correct or not) of fancied
or of rea faults in the copy being transcribed. Spontaneous
variation is the more frequent. Of the variants introduced into
any transcript, some will persist through subsequent transcription,
whereas others will undergo further change and thus illustrate the
rule of universal variation. In this way features peculiar to any
manuscript are transmitted to its descendants but not in an in-
variable form. (Variation, one must recognize, is a neutral word
and applies only to a difference between two readings, without re-
spect to the order of derivation or to correctness.) Variation in
a descendant may lead farther and farther away from the original
reading; on the other hand, a descendant in varying from its im-
mediate ancestor may actually restore by independent correction
the reading of a more remote ancestor.

Variants may be vertical (i.e., within a direct genetic line of
descent) as when H, transcribed from G (or more likely from
some lost intermediary), varies from G; or variation may be hori-
zontal, as when A differs from B, both being manuscripts tran-
scribed independently from O or from one or more lost
intermediaries. (A and B are "collaterals" in that neither is an
ancestor nor a descendant of the other.) It is horizontal variation
that gives rise among collaterals to "grouping,” or the arrange-
ment of the manuscripts into family and subfamily groups accord-
ing to whether they agree or differ in respect to particular readings.

Unless there is "conflation™" (one manuscript affecting the read-
ings o another by contamination), each family group shares an
exclusive common ancestor deriving ultimately from the first in-
dependent descendants of the inferred or preserved great common
ancestor O. In the tree above, the family groups are separated
into A and B and their respective descendants, except that L joins
both families by conflation and passes on this mixed inheritance
to its descendants. A subfamily is a family whose ancestor is
derivable from a manuscript which is the ancestor of still other
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manuscripts. For example, K and P are in separate subfamilies
deriving from their ancestors E and F, which are collaterals de-
riving from B. In reading a genealogical table of texts, no infer-
ence can be drawn that a manuscript shown as deriving directly
from another manuscript masin fact copied from the exact manu-
script shown on the tree as a parent. Between G and H or between
B and F any number of now lost manuscripts very likely existed.
Hence all variants in H from G, or in F from B need not have
arisen in the act of copying the actual manuscripts of H and F,
though for economy of assumption the textual critic must so take
it. All that is shown by the table is that the line of descent from
G to H and from B to F is a direct ancestor-descendant one. and
that H has no other known ancestor than G, or F than B. [n other
words, no manuscripts deriving from any ancestor other than G
were used in the transmission of the text from G to H, whatever
the distance between them.

The case is quite different with L. Here the scribe (or a pre-
vious editor) had in his possession two exemplars of manuscripts,
one in the direct line of descent from D, and the other similarly
derived from J. These two manuscripts were conflated when in
cases of variation between them the scribe chose readings now from
one and then the other (or else merely copied a manuscript that had
been editorially revised and annotated by selected readings from
another). In this case conflation joined two manuscripts of dif-
ferent genetic, or family relationship, for neither D nor J shared
any common ancestor except the ultimate ancestor O. On the other
hand, lesser conflation took place in Q, but here the contamination
served only to unite the members K and P of two collateral sub-
families. In the first instance, readings may appear together in
L that had been used as genetic distinctions to separate the A and
B families; i.e., readings in which A and B and their descendants
varied from each other. In the second. though variants may be
reunited, the conflation, except fortuitously, includes no variant
not characteristic of the B family as opposed to the A family.

Inferential manuscripts may appear in any family tree, although
the recent tendency o textual criticism is to excise them wherever
possible, as by Archibald A. Hill's theory of simplicity. An in-
ferential (or hypothetical) manuscript marks a point at which some
line of descent branches; it is a manuscript that must be posited
to explain similarities between two or more other manuscripts,
extant or inferred, when study shows that these are in a collateral
and not in an ancestor-descendant relationship. 1n the sample tree,
according to one school of thought, if A did not exist it would
need to be posited provided one could show that C did not derive
from D. or D from C, or C and D independently from O.

The process of determining the relationship of the manuscripts
consists of isolating the major different family groups and then
inferring the genetic grouping of the individual texts within these
large groups. The process starts with a collation, or comparison
o al known texts and a systematic recording of their variants,
usually confined to substantive differences. According to Dom
Henri Quentin. three major kinds of variants will develop: (1)
variants shown by a single manuscript; (2) variants shown simul-
taneously by a few manuscripts; and (3) variants shown simul-
taneously by numerous manuscripts. The first are useless and
must be disregarded. The second are valuable in determining
families and subfamilies, for if the same few manuscripts re-
peatedly give a common reading different from al other manu-
scripts. it may be assumed that these few are clearly related and
form a family or subfamily of their own. One of the first tasks,
therefore, is to delimit the families hy means of such variants as
are found repeatedly to be peculiar to certain constant groups of
manuscripts. The families thus determined, the groupings within
each may be filled in. The precise way in which a textual critic
operates to determine the relationship of al forms of his text can
scarcely be summarized. because of the complexity of the evidence
and the differencesin the weight given to various kinds of evidence.
In general, the critic aims first at establishing the facts of genetic
relationship and then at determining the direction of the relation-
ship betneen ancestor and descendant.

Distributional Evidence.—What Hill calls "distributional”
evidence is chiefly of service in determining the basic facts of re-
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lationship or nonrelationship. In distributional analysis the ar-
rangement of differences in the texts s utilized as evidence without
attention to the nature of the differences. This method rests on
the postulate that unity in readings in manuscripts is more prob-
ably referable to unity in their source than to coincidence. The
facts o variance are enough If the point of differenceis, for ex-
ample. the appearance or nonappearance of a particular word,
distributional study does not attempt to inquire whether the non-
appearance is an omission, or the appearance is an addition. It
merely divides the manuscripts into groups depending upon the
appearance or nonappearance of this word.

Distributional evidence may be used to assign the nature of
groupings by indicating whether the relationship is direct (as in
the vertical ancestor-descendant line) or collateral. For example,
direct relationship can be shown in the following illustration. Sup-
pose manuscript L shares readings with al other manuscriptsin its
family and has no unique readings. Manuscript M shares readings
only with L and has no shared readings with other manuscripts
not shared with L, but 1t aso has some unique readings. This
state of affairsisnot compatible with a supposition that L is copied
from M, since (because d the unique variants in M) the greater
number of times that L agrees with the other manuscripts than
does M is unexplained. On the other hand. this state of affairs is
compatible with the hypothesis that M was transcribed from L.

One apparent fallacy in this reasoning is usualy not o conse-
quence. The larger share of L than of M in readings with other
manuscripts could be explained, in isolation, as derivation of L
from M if M were the earliest of al manuscripts and all derived
from it as the common ancestor. However. a tree branches as it
develops, not converges; and no rational genealogical chart can
be reversed. Moreover. other evidence, which may be called
genetic, provides a check on the direction of change.

The facts of the distribution of variant readings among manu-
scripts, therefore, may be utilized to show direct relationship. as
above. or collateral relationship. For the latter. if in a group of
more than two manuscripts having a common ancestor (like M,
N and R),. al manuscripts have unique readings, and al manu-
scripts shared readings in no constant arrangement, these facts are
compatible only with independent derivation o the type known
as radiation. On the other hand if the relationship is always
constant, so that the shared readings o M are aluays shared
only uith N or aith R the facts can be taken to be incompatible
with radiation and hence derivation must be postulated.

Genetic Evidence.— Distributional evidence is frequently
enough to settle a case, but it has its limitations when revision is
present and especialy (as exemplified in the texts of Donne or
Robert Herrick) when copies are made from a poem in different
stages of reworking. Hence the critic may call on a second order
of evidence, which may be called genetic, or the comparison of
individual differences with each other in the hope of discovering
the direction of change. At its most scientific this inquiry still
attempts to emulate distributional study by ignoring the critical
considerations of meaning. at least in any strict sense o right
and wrong. Instead, genetic study rests on the assumption that
certain differences are more likely to have been produced by a
given direction of change than by another. For example, if C
omitted a passage present in both A and B, the direct sequence
CBA, or ACB or any other scheme that set up C ahead of B would
be disqualified, for where would A or B secure the passage if they
were descended from C, no conflation from another source being
proved?

Common errors of other sorts may aso profitably be used but
always with caution, for the process of correction reverses the
direction of change toward error that would be expected from
the process of copying. The critic attempts to separate reversible
changes from variants that by their nature appear to be non-
reversible. Moreover. Greg's postulate that spontaneous variation
occurs oftener than directed variation would indicate that in a
direct sequence the number o errors will ordinarily exceed the
number o corrections, and hence that the most faulty will likely
be the descendant, not the ancestor; but this line of argument is to
be used with caution.
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Similarly, the direction of change may sometimes be postul ated
by explaining one form as the result of a known type of mechanical
error such as eyeskip or haplography. Unless distributional evi-
dence indicates otherwise, an existent word is presumed to be
earlier than a nonexistent word created by a familiar type of error.
Even when two existent words comprise the variant, a known type
of error may best explain the direction of change. Hill points to
E. K. Rand's correction of Quentin in the following: sub umbra
culminis Mel (g manuscripts) ; sub umbraculum cuiminis mei (2
manuscripts); sub umbraculum tegminis mei (5 manuscripts).
Quentin had regarded umbra culminis as derived from umbraculum
tegminis by the omission of -um teg-, whereas Rand properly de-
rived umbra cufgninis from umbraculum culminis by omission of
-um cul-. Rand's logic rests on true eyeskip fostered by the repe-
tition of cul-, whereas Quentin's suggested omission cannot be cor-
related with such a type of known error.

Suggestive as genetic evidence may be, assumptions from indi-
vidual readings may often prove to be untrustworthy; and hence
the genetic method is usefully employed only when distributional
evidence has been completely exhausted.

Physical and Stylistic Evidence. — Physical evidence is ordi-
narily of little use in dealing with classical or medieval manu-
scripts, since no correlation need exist between the date of
inscription and the state of the text. It is of no pertinence to
argue, for example, that because the paper of manuscript Y may
be dated in 1640 and that of manuscript Z in 1240, the text of Z
must represent an earlier state than that of Y ; instead, Y might
well have been transcribed from a manuscript that was representa-
tive of a form of the text nearer to the common ancestor than
the ancestor of Z. However, modern manuscripts (and especially
autograph) may yield extraordinary results when external evidence
isapplied. The manuscripts behind the 1860 edition of Whitman's
Leaves of Grass neatly divide into groups that can be dated 1857
and 1859 respectively on the basis of the paper and inks. A bril-
liant recovery of the order of Emily Dickinson's manuscripts
resulted from a minute external study of the paper and the hand-
writing characteristics.

Finally, in this preliminary stage, which consists only of the
establishment of one form o a genealogica chart rather than any
other, purely literary study based on assumed stylistic respects,
superior sense, freedom from mistakes of fact, etc., is almost com-
pletely untrust orthy and should not be employed until the pre-
ceding three ranges of evidence have been completely exhausted,
individually and collectively.

Determining the Most Authoritative Variant. — Once a
genealogical chart has been drawn up by the critic's most rigid
use of methodical evidence, it is proper to consider the authority
o variants in the texts in the light of the facts of derivation as
shown by the tree. In the sample chart it is obvious that if O is
preserved no other known manuscript can contain a reading that
possesses any authority, although some may own readings that
are more correct. The textual critic will have arrived at the only
preserved manuscript that—as the single common ancestor —is
nearest to alost autograph. Further treatment of this manuscript
can involve only emendation.

On the other hand, if O isonly inferential, and A and B represent
the ultimate heads of only two families, the critic's position is less
happy True, no preserved manuscript other than A and B can
own authority; true, shared readings between A and B must be
presumed to derive from inferential O, and therefore common
readings possess the authority they would have if derived from a
preserved O. (But notice that in either case O is not necessarily
the real archetype or first original, but instead merely the one
manuscript it is possible to infer as a common ancestor of A and
B, even though through different lost intermediaries.) However,
where A and B vary, only critical judgment can decide, on the
evidence of each individual variant, which one is superior and
therefore— by another assumption not always warranted-—au-
thorial.

The school of textual critics stemming from Karl Lachmann
favoured the acceptance of one "best" manuscript and the rigid
adherence to its readingsin all possible circumstances as the only
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"scientific"' attitude for an editor. This school tacitly considered
that textual criticism ended with the establishment of the family
tree and the consequent decision in favour of some one preserved
manuscript as the '(best"™; whereas, at least in the above chart, the
tree does not favour either A or B. The illogic of the Lachmann
position, in its abrogation of the critical second stage in preparing
a definitive text, was exploded by A. E. Housman (Preface, The
Astronomicon of Manilius, Cambridge University Press) : " To be-
lieve that wherever a best M S. gives possible readingsit gives true
readings, and that only where it gives impossible readings does it
give false readings, is to believe that an incompetent editor is the
darling of Providence. . .. Chance and the common course of na-
ture will not bring it to pass that the readings of a MS. are right
wherever they are possible and impossible wherever they are
wrong: that needs divine intervention. . . . I'n books like Manilius
and Lucan, preserved in various copies of equal merit, the editor
cloaks his frailty by feigning that their merit is not equal: in books
like Juvenal and Ovid's Heroides, where one MS. far excels the
rest, hefeigns that it excels them further. and tries hard to treat it
not merely as the best but as the sole authority."

Heeding Housman's excoriation, the most advanced textual critic
no longer stops short with what the evidence of the genealogical
chart may indicate about the authority of the readings; nor, when
the chart is indifferent, does he rest content with fidelity to a
chosen best manuscript. In every case of nonautograph he will
accept only as comparative the authority of the earliest ancestors
that can be established; and as the final stage of his establishment
of a text he will treat it critically according to bibliographical,
paleographical, linguistic or whatever other techniques are perti-
nent, and over all impose his literary judgment based on his knowl-
edge of the qualities of the author treated. At this point. where
methodical techniques largely desert a textual-critic editor, the
resulting text will be good or bad depending upon the individual's
own capacities. Theacceptance of Housman's attitude and its ex-
tension, about the middle of the zoth century, to editing from
printed texts constitutes one of the most interesting of modern de-
velopments in editorial theory. It places the responsibility for a
text whereit belongs, squarely on the shoulders of the editor. Yet
confidence in critical ability to solve all problems may lead to a
newer kind of laziness as acute as that Housman found in the
"scientific" textual critic, if all the ancillary techniques for ex-
amining a text are not exhausted before reliance is placed on judg-
ment rooted in subjectivity and intuition and in the cultural
intelligence of an editor.

THE GENEALOGY OF PRINTED BOOKS

Transmission of a text in printed books differs so radically
from transmission of an ancient or medieval manuscript text as
to call for quite different basic postulates. The chief difference
is that a manuscript that is a direct descendant of its most im-
mediate ancestor is ordinarily not copied directly from the an-
cestor but from some one of a lost series descending from the
ancestor. On the other hand, any edition of a book other than the
first is ordinarily copied directly from some other known edition.
Editions of books, therefore, are assumed to be contiguous in
their relationship, and variants between them can be assigned to
the agents producing the derived edition, or else to the author,
within a given space and time. Secondly, under most circum-
stances editions of books are dated with reasonably correct dates,
which show the relationship between editions. Both assumptions,
although sometimes violated, permit the development of physical
evidence that is the special province of analytical bibliography,
a discipline that studies the effects of the printing process on the
transmission of text (see BiBLIOGRAPHY).

' For example, the ninth edition (1694) of Dryden’s Indian Em-
perour appears to conflate distinctive readings of the seventh edi-
tion of 1686 and the eighth of 1692. In manuscript study or in
nonbibliographical criticism of printed texts, an editor would in-
evitably postulate either consultation and contamination or else
derivation from a lost edition located between the seventh and
eighth. However, the bibliographer trained to observe physical
evidence will notice that the distinctive variants of the two editions
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never appear together on any page of the 1694 print; and starting
with this fact he will develop other physical evidence to demon-
strate that two different compositors alternated in setting the type
for the 1694 edition, one of whom used the 1686 and the other the
1692 edition as printer's copy.

Determining theTrueFirst Edition.—One of the most diffi-
cult problems facing a textual critic of printed books is to de-
termine which is the true first edition, and thus the authoritative
text, in case two editions in the same year are issued without ex-
ternal or collateral evidence of priority. Dryden’s play The
Wild Gallant had two editions printed in 1669, the year of publica-
tion. On literary grounds Dryden’s editor G. Saintsbury rejected
what turned out to be the truefirst edition, and chose for his text
the variant readings of the unauthoritative second edition. When
the case was scrupulously examined, one piece of physical evidence
was enough to demonstrate the true order. In what was proved

to be thefirst edition the word "tells” was printed with a defective
type for the second letter “17; the type inked chiefly at the top and in
many coplesé)roduced only a short mark that looked like an apostrophe.
In the second edition the compositor faithfully copied what he thought
he saw and set the corresponding word as "tel's,” an impossible form.
That this evidence must be accepted may be seen if one tries to reverse
it and explain the defective type as defiving irom the apostrophe.

The chiel textual critic oi "Hamiet between World Wars | and 11,
J. Dover Wilson, had J)ronounced the important second edition of 1604-
5, the first of the good texts, as set throughout by only one compositor,
who was an incompetent novice at the trade.” But in 1953-54 one
blbllggrapher showed that, on physical evidence that could be demon-
strated from the prlntln? o the sheets of the book, two presses had
been employed in an aternation that would require the services of
two compositors; Another scholar, J. R. Brown, by an examination of
distinctive characteristic spellings, identified the ‘sheets set by each
compositor as those indicated by the presswork study and established
the fact that these two now identifiable compositors had worked for
the printer for several _lyears as his regular men and, indeed, had set
the second edition o Titus Andronicus and the first edition d The
Merchant of Venice, both in 1600. Since these two texts have been
much admired for their accuracy, the effect of thisinquiry was to estab-
lish that deiects in the second ‘edition of Hamlet are chiefly to be de-
rived irom its manuscri {)t rather than from the printer's incompetency.
The difference is important for a textua critic.

One of the most brilliant bibliographical discoveries of the 20th cen-
tury disclosed the false dating o the so-called Pavier Quartos of vari-
ous Shakespeare plays. |t was established that Pavier editions of some
plays dated 1619 and editions of others dated a decade or more earlier
shared identical standing type in their title pages. This physical im-
possibility revealed that some texts previously preferred on literary

rounds Ev)y editors, such asthat of King Lear, were actually unauthori-
ative second editions o no textual value. Whether Hamlet's flesh
was “too t00 sallied" (i.e., "sullied™), as in the First and Second Quarto
editions or "too too solid,” as in the Folio, had usualy been decided
in favour of the Folio. However in 1956 it was pointéd out that the
unusual form "sallied” in the second edition could not have derived un-
authoritatively by contamination from the same reading in the im-
perfect first edition, since the second appearance in this play of the
word "saly" meaning "sully” (Polonius to Reynaldo, Act II, sc. i)
came in a Section typeset by a different compositor, who would be un-
aware o the previous occurrence and must have copied his word from
the manuscript, the first edition being wanting there. These examples
suggest various typical ways in which bibliographical techniques that
have | developed in the 20th century have revolutionized the study
d printed texts I;?/ emphasizing the need to exhaust_the physical evi-
dence d analytical bibliography before attempting critical judgment.

The approach to textual criticism made by the analytical bibliog-
rapher emphasizes two primary requirements. (1) the careful ex-
amination o all preserved forms of a text, not onl ﬁa) to assure
onesdlf that the external evidence of printed dates and the like is correct
and that one has recovered the earliest edition (that text set from
manuscrlﬁt) ‘but dso (b) to guarantee that every other edition in which
iresh authority might have entered has been placed in its correct rela
tionship and the authority of its variants analyzed; (2) the careiul
examination of the details'of any edition possessing authority, whether
the first or a revised print, to determine the nature of the copy used
by the printer and its authority. )

Determining the Nature of Printer's Copy.—The useful-
ness d this inquiry is by no means limited to early handprinted books
but may be applied as”profitably to the texts of” James Joyce, T. S.
Eliot ahd W. B. Yeats as to the text o Shakespeare. Thé common
practice of dilettante editors to reprint as their text the last edition of
abook printed in the author's lifetime is as serious a defect for modern
as for older authors. (The theory was that the author might have
revised the edition; such editors felt no requirement to look into the
evidence for or against this theory.) )

‘To take asmall but significant example, the proofreading of F. Scott
Fitzgerald's This Side of Paradise was careless in the first printing,
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and changes in the plates were made partly by the author and partly
gly the publisher in the fourth and seventh impressions. A few of these

terations, presumably made by the publisher, mistook the sense and
created errors from correct readings, An editor would need to reject
these in favour of the correct first-printing readings, to accept the cor-
rected and revised readings by the author and publisher from, the later
ﬁrintings, and then to make a variety of further corrections himself

eiore arriving at a definitive text. 1n more complex form, no one
edition o Joyce's Ulysses contains all of his desired readings; on the
occasion when he went over the text in correction he unfortunately
chose a corrupt edition and did not alter all its unauthoritative changes
from the first-edition readings or notice all the first-edition errors that
had been perpetuated. Any editor of Eliot or of Yeats would need to
disentangle the author's corrections and alterations in revised editions
irom errors developed in the course of various printings, which were
overlooked. Fidelity to one printing or edition, early or late, cannot
serve to establish a modern author's text.

In the 17th century Dryden partly revised the second edition (1668)
o The Indian Emperour and more rigorously the third edition (1670).
The fourth and fifth editions of 1670 derived in order irom the cor-
rected third, but the sixth edition (1681) reverted to the second (1668) ;
thereafter all texts of Dryden followed this family and ignored the
corrected third edition, whose line terminated with the fifth edition.
Since no Dryden editor beiore the 1950s undertook to collate al the
early texts, the authoritative revisions o the third edition remained
unknown, and the edited texts, based on the 1701 folio, not only re-
tained most of the corruptions found in this 13th edition but aso re-
vealed only the intermediate revised state of the text as transmitted in
the second-edition family line.

A typical example of failure to observe the primary rules of textual
criticism in the analysis of all editions occurred in the text of Percy
Bysshe SheIIeP/'s Posthumous Poems. |In the first edition o 1824,

ited by Shelley's wife Mary, an errata leaf containing 24 alterations,
including a missing line, was added to the last copies to be bound up.
This leai, being uncommon, was overlooked by all Shelley's editors,
although utilized to a greater or lesser extent in the various pirated
editions that followed soon after the publication oi the volume. When
Mrs. Shelley came to edit.the revised collected edition of 1839, by bad
luck she chose one of the pirated texts into which various corruptions
had entered. Thus, although she collated her proofs against her manu-
scripts, not only did she overlook three of the errata-leaf corrections
omitted in the pirated edition but she also passed some of the piracy's
corruptions, notably the reading from " Stanzas Written in Dejection,
near Naples,” " The breath of the moist air is light" for the errata-leaf
version oi this missing line, " The breath of the moist earth is light."”
The variant "air" appears first in the unauthoritative Galignani text
of 1834, to be transmitted thence to Mrs. Shelley's 1839 edition. All
Shelley editors, who sheeplike followed the supposedly authoritative
1839 text in the belief that Mrs. Shelley's attestation had been given to
it and hence there was no need to inquire into its copy and method of
printing, have reproduced as authentic a considerable number o errors
that can be demonstrated to have arisen in the pirated texts oi Galignani
and of Ascham used by Mrs. Shelley as the basic printer's copy.

The nearer machine ﬁrinting approaches modern times and routine
publishing procedures, the less need is there to inquire into the authority
of the manuscript originally used as printer's copy, although the copy
for any subsequent revised edition must always be identified and its
relation to the earliest authoritative text as well as to the revised edition
scrupulously analyzed. For books of the 16th, 17th and 18th centuries,
however, when the personal characteristics of the compositor (though
with diminishing force as time goes on) are likely to interfere in an
important manner with the reproduction in faithful detail oi the under-
lying manuscript, the distinction of printer's from author's character-
istics is of real moment. Two considerations operate. First, in texts
dating from the time when authors frequently did not read proof and
the printing-house proofreading was casual about variation from the
author's wording, a study of the printer may reveal whether difficulties
in the text are to be emended in one direction or another in accord
with what has been determined about the capabilities of the identified
compositor concerned. It is known that Jaggard’s compositor A of
the Shakespeare First Folio of 1623 was more faithful to his copy,
generally speaking, than compositor B. Hence an emendation must
pass sterner tests to be accepted in an A section of the Folio than in a
B section, or in the pages set by what seems to be a very inaccurate ap-
prentice, compositor E, first identified by C. J. K. Hinman in 1956.

Second, if the veil of print can be pierced, the critic may be able to
make various important assumptions about the authority d a text, in
whole or in part, according as he can estimate the nature o the lost
manuscript underlying the earliest print or any later revision. Once
it could be determined that a particular scribe, Ralph Crane, tran-
scribed the manuscript used by the Folio printer for The Merry Wives
of Windsor, certain very puzzling characteristics of that text were no
longer obscure. What texts of Shakespeare were set from his autograph
papers, and what irom scribal transcripts, is an inquiry that was scien-
tifically tackled, from the strict bibliographical point of view, only after
World War II.

The question of the copy underlying a print is often as acute in the
case oi a revision asin the original edition. For example, if the Folio
text of Hamlet was set from an independent manuscript, common
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readings between the Second Quarto and the Folio are presumptively
authorial, given the collateral theory that the Second Quarto was set
irom autograph papers. On the other hand, if, as has been argued,
the Folio printer's copy was a Second Quarto that had been annotated
by a scribe comparing it with the manuscript in the theatrical com-
pany's possession, a shared reading like "' pious bonds" (assumed manu-
script reading: "bands") for "pious bauds" é"bawds") could have
perpetuated in the Folio an error of the Second Quarto, provided the
scribe overlooked it. Hence the authority po by ‘any Folio
reading is much affected by what can be established about the nature
of the printer's copy for the Folio text, a subject still in dispute.

Such a determination would not automatically settle in any given
case whether the Folio or the Second Quarto variant reading was the
authoritative one. But a critic who comes to the final stage in the
establishment of a text— the synthesis of readings if there is more than
one text possessing authority (as is frequent in manuscript and occa-
sional in printed texts), followed in any case by independent emenda-
tion—isin a better position if he has thoroughly worked out the detailed
history oi the text as a guide and limitation to the exercise of his critical
or literary judgment than if he relies almost exclusively on his sympa-
thetic acquaintance with the characteristics of an author and his period.

BisLiocrapHY. —W. W. Greg, The Calculus of Variants (zgz7), " The
Rationale of Copy-Text,” Studies in Bibliography, iii (19s50), The
Editorial Problem in Shakespeare (1gs1); J. Burke Severs, " Quentin's
Theory of Textual Criticism,"” Englis% Institute Annual: rg4r (1942);
Archibald A. Hill, " Some Postulates for Distributional Study of Texts,"
Studies in Bibliography, iii (1930) ; Fredson Bowers, " Some Relation of
Bibliography to Editorial Problems,” Studies in Bibliography, iii
(1950), On Editing Shakespeare and the Elizabethan Dramatists (1935).
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THACKERAY, WILLIAM MAKEPEACE (1811-1863),
English novelist whose socia satires are classics of English litera-
ture, was born at Calcutta. India, on July 18,1811. His father and
grandfather had been Indian civil servants. His mother was left
a widow in 1816 and married Maj. Henry Carmichael Smyth in
1818. Young Thackeray was brought to England from India as a
child and sent to private schools, first in Hampshire and later
in Chiswick. In 1822 he was transferred to Charterhouse, at that
time still on its ancient site near Smithfield.

Anthony Trollope noted that Thackeray's " change of retrospec-
tive feeling about his schooldays was very characteristic. In his
earlier books he always spoke of the Charterhouse as Slaughter
House and Smithfield. As he became famous and prosperous his
memory softened, and Slaughter House was changed into Grey
Friars, where Colonel Newcome ended his life."

In *Mr. and Mrs. Frank Berry" (Men's Wives), for example,
there is a description of a fight at "Slaughter House" following
an incident almost identical with that used in Vanity Fair for the
fight between Dobbin and Cuff. Although in both cases the bru-
tality of school life, as it then was, is fully described, Thackeray
also recognized the chivalry which may go alongside it. In the
first chapter o "Mr. and Mrs. Frank Berry," Berry himself and
old Hawkins both have a touch of the heroic, and in that story
the bully whom Berry gallantly challenges is completely defeated,
and one hears no more of him. In Vanity Fair Cuff, the swag-
gerer, is defeated as completely as is Berry's opponent, but he
regains his popularity by one well-timed stroke of magnanimity,
and afterward shows the truest kindness to his conqueror.

In 1828 Thackeray left Charterhouse to join his mother and
her husband at Larkbeare in Devon, near Ottery St. Mary, which
is the “Clavering St. Mary." as Exeter and Sidmouth are the
" Chatteris™ and "Baymouth™ of Pendennis.

In Feb. 1829 Thackeray went to Trinity college, Cambridge,
and contributed lines on " Timbuctoo,"” the subject for the prize
poem (the prize for which was won by Tennyson), to a little
paper caled The Snob. James Spedding, Monckton Milnes (Lord
Houghton), Edward FitzGerald and W. H. Thompson (after-
ward master of Trinity) were among his friends. In 1830 he left
Cambridge without taking a degree. A visit to Weimar bore fruit
in the sketches of life at a small German court which appear in
FitzBoodle’s Confessions and in Vanity Fair. In G. H. Lewes’s
Life of Goethe is a letter containing Thackeray's impressions of
the German poet.

On his return to England in 1831 he entered the Middle Temple,
and found material for some capital scenesin Pendennis. In 1832
he inherited a sum which, according to Trollope, amounted to
"about five hundred a year.” The money was soon lost—somein
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an Indian bank, some at play and some in two newspapers. The
National Standard and The Constitutiohal. 1n Lovel the Widower
these two papers are indicated under one name as The Museum, in
connection with which Honeyman and Sherrick of The Newcomes
are briefly brought in. Thackeray's adventures at play were
utilized on three occasions, in "A Caution to Travellers” (The
Paris Sketch-Bookj. in the first of the Deuceace narrations (The
Memoirs of Mr, C.J. Yellowplusk), and in Pendennis, vol. ii, ch. v,
in a story told to Captain Strong.by " Colonel Altamont.”

About 1834 Thackeray settled in Paris to study art seriously.
He had, like Clive in The Newcomes, shown early talent as a
caricaturist. Hispencil was at its best technically in such fantastic
work as is found in the initial letters of chapters and in those
drawings made for the amusement of child friends which were the
origin of The Rose and the Ring.

I'n 1836 Thackeray married Isabella, daughter of Col. Matthew
Shawe. There were three daughters barn of the marriage: one
dying ininfancy. Theeldest, Anne Isabella, married in 1877 (Sir)
Richmond Ritchie of the India office. She wrote several charming
works of fiction: notably Miss Angel (1875), and subsequently
edited Thackeray's works and published some volumes of criti-
cism and reminiscences. The younger daughter, Harriet Marian,
married (Sir) Leslie Stephen in 1867 and died in 1875. Mrs.
Thackeray, to quote Trollope, "became ill and her mind failed
her," in 1840. and he "became as it were a widower to the end of
his days"; she did not die till 1894.

In 1837 Thackeray went to London, and became a regular con-
tributor to Fraser’s Magazine. In this in 1841 appeared The
History of Mr. Samuel Titmarsh and the Great Hoggnrty Dia-
mond, a work filled with the wit, humour, satire and pathos. which
found a more ordered if not a fresher expression in his later works.
The characters are full of life; the book is crammed with honest
fun; and for pure pathos, the death of the child stands in the com-
pany of very few such scenes in English fiction; but The Great
Hoggarty Diamond had to be cut short at the bidding of the editor.

In 1840 came out The Paris Sketch-Book, much of which had
been written and published at an earlier date. In 1838 Thackeray
had begun, in Fraser, Ti#e Vellowplush Papers, with their strange
touches of humour, satire and tragedy and their fantastic spelling;
and this was followed by Catherine, a strong story, founded closely
on the career of a criminal named Catherine Hayes and intended
to counteract the then growing practice of making ruffiansand
harlots prominent characters in fiction. When Pendennis was
coming out in serial form (1850) another Catherine Hayes, an
Irish singer and famous prima donna. was much before the public.
Thackeray, thinking of the former and oblivious of the latter
Catherine Hayes, caused a great outcry in the Irish press by
coupling the name with that of a recently notorious murderer. He
afterward suppressed the passage but the incident is of interest
because it explains the initial letter drawn by Thackeray for chap.
xv, vol. ii, of Pendennis. The drawing is in itself highly comic,
but must seem quite meaningless without the key. There soon
followed Fitz-Boodle's Confessions and Professions, and the
Shabby Genteel Story, a work interrupted by Thackeray's domes-
tic affliction and afterward republished as an introduction to The
Adventures of Philip, which took up the course of the original
story many years after the supposed date of its catastrophe. In
1843 aso came out the Irish Sketch-Book, and in 1844 the account
of the journey From Cornhill to Grand Cairo, in which was in-
cluded the excellent poem of " The White Squall." In 1844 there
began in Fraser the Memoirs of Barry Lyndon, called in the maga-
zine "The Luck of Barry Lyndon, a Romance of the Last Cen-
tury." "Barry Lyndon" has. with a great differencein treatment,
some resemblance to Tobias Smollett's Ferdinand, Count Fathom
—the hero, that is to say, is or becomes an intolerable scoundrel
who is magnificently unconscious of his own iniquity. The form
and pressure of the time depicted are caught with striking verisi-
militude, and in the boyish career of Barry Lyndon there are
fine touches of a wild chivalry, simplicity and generosity. which
mingle naturally with those worse qualities that, under the in-
fluence of abominable training, afterward corrupt his whole mind
and career. The man is so infatuated with and so blind to his own
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roguery, he has so much dash and daring and is on occasions so
infamously treated. that it is not easy to look upon him as an en-
tirely detestable villain until, toward the end of his course, he be-
comes wholly lost in brutish debauchery and cruelty.

Thackeray became a contributor to Punch within the first year
of its existence. John Leech, who was one of the earliest contribu-
tors, had been at Charterhouse with Thackeray and the two men
were friends through life. Thackeray made his first hit with
Jeames's Diary, begun in Nov. 18435, and may be said to have
established his reputation by the Snob Papers (1846), now known
as The Book of Snobs.

"Punch's Prize Novelists,” another series which Thackeray con-
tributed to the paper. contains some brilliant parodies of Edward
Bulwer-Lytton, Lever. Disraeli and others. Because of differences
in political opinion, his connection with Punch ended in 1851.

Minor but admirable works of the same period are Legend of
the Rhine (a burlesque of Dumas's Othon [’Arcker), in George
Cruikshank's Table Book, edited by Gilbert A Beckett. Cox's
Diary (on which was founded a well-known Dutch comedy, Janus
Tulp), and The Fatal Boots. Rebecca and Rowena towers over
every other burlesque of the kind. Its taste, its wit, its pathos.
its humour, are unmatchable; and it contains some fine songs of
a particular sort. In 1846 was published, by Bradbury and
Evans. the first of 24 numbers of Vanity Fair, the work which
placed Thackeray as a novelist of the first rank. 1t was completed
in 1848, in which year it was also published as a book. The charge
o cynicism Thackeray has himself met at the end of the eighth
chapter, in a passage which is the best commentary on the author's
method. He explained how he wished to describe men and women
as they actually are. good. bad and indifferent: "Occasionaly to
step down from the platform. and talk about them; if they are
good and kindly, to love and shake them by the hand; if they are
silly. to laugh at them confidentially in the reader's sleeve; if they
are wicked and heartless, to abuse them in the strongest terms
politeness admits of. Otherwise you might fancy it was | who was
sneering at the practice of devotion, which Miss Sharp finds so
ridiculous: that it was | who laughed good-humouredly at the
railing old Silenus of a baronet— whereas the laughter comes from
one who has no reverence except for prosperity, and no eye for
anything beyond success. Such people there are living and flour-
ishing in the world—Faithless, Hopeless, Charityless: let us have
at them, dear friends, with might and main. Some there are,
and very successful too, mere quacks and fools; and it was to com-
bat and expose such as those, no doubt, that laughter was made:"

Another accusation brought against the book was that the
colours were laid on too thick, in the sense that the villains were
too villainous, the good people too goody-goody. The best answer
to that can be found by reading the work itself with care. Osborne
is meant to be a poor enough creature, and one whose poorness
of character is developed as he alows bad influences to tell upon
his vanity and folly. The good in him comes out in the beautiful
passage describing his farewell to Amelia on the eve of Waterloo,
in which passage may be also found a sufficient answer to the
statement that Amelia is insipid and uninteresting. So with the
companion picture of Rawdon Crawley’s farewell to Becky Sharp.
Who that reads it can resist sympathy, in spite of Rawdon’s vices
and shady shifts for aliving, with his simple bravery and devotion
to his wife? As for Becky. there is certainly not much to be said
in her defense. The reader learns that she thought she would
have found it easy to be good if she had been rich, and also knows
what happened when Rawdon surprised her alone with and singing
to Lord Steynein the house in Mayfair, After a grossinsult from
Steyne, “Rawdon Crawley, springing out, seized him by the neck-
cloth, until Steyne, almost strangled. writhed and bent under his
arm. 'You lie. you dog,’ said Rawdon; 'you lie, you coward and
villain!" And he struck the peer twice over the face with his
open hand. and flung him bleeding to the ground. It was al done
before Rebecca could interpose. She stood there trembling be-
fore him. She admired her husband, strong, brave, and victori-
ous" This admiration is the capital touch in a scene as power-
ful @ any Thackeray ever wrote. The supreme art in the
treatment of the character of the brilliant adventuress that Becky
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was makes the reader feel her attractiveness, though he knows her
evil qualities.

Vanity Fair was followed by Pendennis, Esmond and The New-
comes, which appeared respectively in 1850, 1852 and 1854.
Esmond is perhaps Thackeray's capital work. It is undoubtedly
one of the greatest of English historical novels. The romance Es-
mond reproduced with accuracy the figures. manners and phrases
of a past time. The character Beatrix is an insolent beauty who
captivated men; "Esmond," according to Thackeray. "wasaprig."

Beatrix reappears in the Virginians as the jaded. worldly and
not altogether unkindly Baroness. The reader is left with the
impression that it was just what Beatrix must have come to.

In 1851 Thackeray had written The English Humourists of the
Eighteenth Century, delivered as a series of lectures at Willis’
Rooms in the same year, and redelivered in the United States in
1852 and 1853, as was afterward the series called The Four
Georges.

In 1854 was published that delightful burlesque, The Rose and
the Ring. In 1857 Thackeray stood unsuccessfully as a parlia-
mentary candidate for Oxford and in the same year appeared the
first number of The Virginians, a sequel to Esmond. The last
number came out in 1859, and in the same year Thackeray under-
took the editorship of the Cornkill Magazine. This was a task
which, as readers of his Roundabout Paper "Thorns in the Cush-
ion” will remember, the kindliness and sensitiveness of his dis-
position made irksome to him. and he resigned the editorship in
April 1862, though he continued to write for the magazine until he
died. In the Cornkill appeared Lowvel the Widower, previously
written, with different names for some of the personages, in dra-
matic form; The Adventures of Philip (1861-62); the Round-
about Papers, some of his best essays; and (1860-63) the story,
unhappily never finished. called Denis Duval. Among the Round-
about Papers is one differing in form from the rest, called " The
Notch on the Axe—a Story ala Mode," an almost perfect speci-
men o the author's genius for burlesque storytelling. The Ad-
ventures of Philip isin the nature of a sequel to 4 Skabby Genteel
Story, contains scenes which rank with Thackeray's best work;
there are fine sketches o journalistic, artistic and diplomatic life,
but Philip himself isimpossible; the character is not drawn at all.
Denis Duval, which reached only three numbers, promised to be
a first-rate work in the Esmond ‘manner.. The author, died while
it was in progress, on Dec. 24, 1863. He was bur}ed in Kensal
Green, and a bust by Marochetti ywas put up to his memory in
Westminster abbey.

The grace and the apparent spontaneity of Thackeray’s verses
are beyond question. Some of the more serious efforts, such as
"The Chronicle of the Drum" (1841), are full of power and in-
stinct with true poetic feeling. Both the half-humorous, half-
pathetic ballads and the wholly extravagant ones must be classed
with the best work of that kind; and the translations from Bé-
ranger are as g00d as verse translations can be, for Thackeray had
the true poetic instinct.

BisLiograPHY.—Merivale and Marzial, Life of Thackeray (1891);
T eIy gL iaelar & LB et Qhin P fobesssy
(1903?) the edition d Thackeray's works with biographical introduc-

tions by_his dau hter, Lady Ritchie (1897-1900) ; Anthony Trollope,
L?eof 2i’hackeva;?in the"EXgllsh Men d Letters Series’ (1879); W. M.

; Unpublished ; ;

THSAGERo ) Eady RIEAE (1913); re. Hom &8 ALY SR
in Literature and History (1915); E. B. Chancellor, The London of
Thackeray (1923); Anne Thackeray Ritchie, Letters, With 42 Ad-
ditional Letters d” W. M. Thackeray, ed. by her daughter, H. Ritchie
(1924); Mdcolm Elwin, Thackeray, a Personality (1932); John W.
Dodds, Thackeray: a Critical Portrait, 31941). See also the bibli-
ography on Thackeray in Cambridge Bib |0?\rlaph<( of English Litera-
ture, vol. iii. pp. 429-35 (Cambridge, 1940; New York, 1941).

THADDAEUS: see ArosTLE.

THAILAND: see Siam.

THAIS, a Greek courtesan who lived during the time o Alex-
ander the Great. She accompanied him on his Asiatic campaign,
and is chiefly known from the story which represents her as hav-
ing persuaded the emperor to set fire to the city of Persepalis.
This anecdote forms the subject of Dryden’s Ode to Saint Cecilia's
Day, but its authenticity is doubtful, since it is based upon the
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authority of Cleitarchus, one of the least trustworthy of the his-
torians of Alexander.

Thais subsequently became the wife of Ptolemy Lagus; king of
Egypt.

gkllgmerous anecdotes and witticisms attributed to Thai's will be
found in Athenaeus.

See Diod. Sic., xvii, 72; Plutarch, Alexander, 38; Athenaeus, xiii,
576, 585; Quintus Curtius, v, 7.

THALAMUS, a globular congeries of nerve cells and fibres
in the middle of the brain, divided into nuclei, and somewhat
larger than a walnut. There al sensory impulses except those of
smell are relayed on their way to the cerebral cortex.

In submammalian vertebrate animals the thalamus is chiefly
olfactory and does not relay specific sensation, for there is no
somatic cortex. With the development of the cortex in the mam-
mals, and the projection of the sensations upon it, the sensory re-
lay nuclei of the thalamus expand proportionately. Thus, the
thalamus shows a large lateral geniculate body behind and laterally,
for relay of visual impulses; a round medial geniculate body ad-
jacent, for hearing; and a large somesthetic nucleus in its lower
central part for bodily sensations. These three are the funda-
mental and best understood of its nuclei.

The thalamus may be divided into about 30 nuclei, each with
differing connections and, therefore, differing functions. M ost
of them project to one or another of the numerous areal units of
the cerebral cortex, so their function is indicated by that of the
corresponding cortical area, where this is known. A few do not;
they are the most ancient and conservative. Ignorance of the
incoming connections of most of the nuclei i chiefly responsible
for ignorance of their function. It is known, however, that the
thalamus is not directly responsible for motor control.

The thalamus IS rarely directly injured or the primary seat of
disease, but it may be involved in more generalized disturbances.
See also Bramn; HyPoTHALAMUS; FEELING, PsvCHoLocY OF.

(W.J.s.K))

THALER, a silver coin formerly circulating in north Germany.
See MONEY, MEDIAEVAL.

THALES, one of the Seven Wise Men of ancient Greek philos-
ophy who Was also universally held to have introduced geomet
into Greece, was the son of the Carian Examyas of Miletus and o
Cleobuline. The story of his Phoenician descent is unlikely. His
dafe o PndRS ey € HOR S ARG
Apollodorus' date for his birth, 624 ®.c., was doubtless based on
this as a floruit. According to Diogenes La€rtius he died in the
58th Olympiad (548-545 B.C.), agedg78.

Hisinclusion in the canon of the Seven Wise Men gave him an
ideal character, and his name attracted many acts and sayings
popularly associated with wisdom. Consequently his real achieve
ment is hard to assess, espécially since no contemporary sources
exist. He was a practical statesman who, according to Herodotus
offered the wise advice that the lonian cities should federate; and
Diogenes states that he dissuaded Miletus from making an alliance
with Croesus of Lydia. Practical interests are also indicated by
the story told (but not believed) by Herodotus that he diverted
the river Halys for Croesus, and by the tradition mentioned py
Callimachus E/hat he advised navigators to steer by the Little
Bear rather than the Great. He is aso said to have used his
knowledge of geometry to measure the pyramids (Hieronymus
Nordstesnined PY DB R G By B et distance from

Such stories of little historical worth may yet serve to charac-
terize his reputation. They could however be invented or selected
according to a writer's predilections. Two in particular provide
amusing examples of mutually canceling propaganda. According
to Aristotle. Thales, foreseeing by his meteorological skill a glut
of olives, hired all the olive presses in advance and, when the
season came. was able to charge his own price for reletting them.
The moral drawn was that philosophers can be as worldly wise
as other men if they so choose. To demonstrate the contrary,
that philosophy's chief glory is its abstraction from the world,
Plato tells how Thales fell into a well while stargazing and
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was laughed at for studying the heavens to the neglect of what
was at his own feet.

The best attested fact is his prediction of the eclipse which
stopped the battle between the Lydian Alyattes and the Mede
Cyaxares. The date 585 B.c. suits the chronology now that
Herodotus has been shown to have erred slightly in implying that
Astyages succeeded Cyaxares in 594. Thales could not have had
the knowledge to predict accurately the locality or character d an
eclipse. Hence the feat was isolated and apparently only ap-
proximate; Herodotus speaks of his foretelling the year only. The
use of the Babylonian saros for this purpose has been convincingly
denied by O. Neugebauer (Exact Sciences in Antiquity [1951]).
All that his Babylonian contemporaries could say was that an
eclipse was either excluded or possible, and this sufficed for their
astrological aims. From their records, Thales could well have said
that an eclipse was possible in the year which ended during 585.
The coincidence that it ocgurred during a crucial battle and was
nearly total would give him in retrospect an exaggerated reputa-
tion as an astronomer.

Thales was specifically credited with five geometric theorems,
as follows: (1) that a circle is bisected by its diameter; (2) that
angles at the base of an isosceles triangle are equal; (3) that oppo-
site angles of intersecting straight lines are equal; (4) that the
angle in a semicircle is a right angle; and (5) that a triangle is
determined if base and angles relative to base are given. The real
extent of his mathematical achievement is almost impossible to
assess in view of the ancient habit of crediting particular discov-
eriestoindividualswith ageneral reputation for wisdom. Thefifth
theorem is associated with the feat of measuring the distance of
ships from shore, for which an empirical rule would have suf-
ficed.

Moreover the requirements of “proof” vary according to period;
of the third theorem Eudemus himself said that, although it was
discovered by Thales, Euclid provided the scientific proof. Yet
we may well believe that the first Greek philosopher improved on
Egyptian techniques of land measurement in the way described
by Proclus, who after saying that Thales introduced geometry
from Egypt adds that ""he made many discoveries himself and
laid the foundation for his successors, attacking some problems in
a more universal way and others more empirically.”

The claim that Thales was the founder of European philosophy
rests primarily on Aristotle, who says that he was the first to
suggest a single material substratum for the universe, namely
water, or moisture. The reason, Aristotle suggests, was that mois-
ture is pre-eminently the origin and sustainer o life: vital heat is
generated by moisture; semen and al nourishment must con-
tain it. Aristotle frankly admits that he writes from hearsay;
whatever Thales may have written had long been lost. Neverthe-
less both the statement and Aristotle's conjectural reasons are
probably true in substance. The origin of all things from water
was a commonplace of Babylonian and Egyptian mythology (the
tradition of Thales' sojourn in Egypt is strong) and can be traced
among the Greeks as far back as Homer's description of Ocean as
the genesis of al things. Thales had consciously renounced myth,
but its legacy remained.

We need not doubt that he wasin method and intention rational.
The dualism of matter and life was in the future, and what he
seems to have sought was a single principle, both origin o the
world and permanent ground of its being, to explain the mutability
and multiplicity of phenomena. |t must therefore be not only
material but also author of change, that is to say, something self-
changing; for, as the more mature Aristotle complained, these
early Milesiansdid not distinguish matter from active cause. But.
in Greek eyes, what changed or moved itself was alive, had psyche
("soul"). Hence, we may guess, Thales' choice of the sub-
stance which seemed to have the closest connection with life, as
moisture did in Greek thought both then and later. The whole
universe was a living organism, nourished by exhalations from
water,

Consonant with this are other statements which Aristotle found
traditionally attributed to Thales, that "the magnet has soul be-
cause it attracts iron" and that "all things are full of gods." The
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latter Aristotle connects with the belief that *soul is mingled in
thewhole." Diogenes Lagrtius quotes Aristotle as saying also that
Thales attributed life even to the inanimate, arguing from the be-
haviour of the magnet and of amber.

Of Thales' cosmology nothing is known but the statement quoted
by Aristotle that the earth floats on water. To the historian of
science, his significance lies not so much in the primacy of water
(though some, like Sir Charles Sherrington in Man on His Nature
[1940], have shown that this is by no means an absurd idea) as
in the attempt to explain nature by the simplification of phenomena
and the search for causes within nature itself rather than in the
caprices of anthropomorphic gods. For cosmic unity as such,
mythical precedents may again be quoted. That "al things come
from one" was an early belief in Greece as in other lands; the
original unity of earth and sky is crudely reflected in Hesiod's
Theogony. Through the mists of later anecdotal tradition the
true stature of Thales emerges only dimly, but as far as can be
judged both he and his successors Anaximander and Anaximenes
areimportant as constituting a bridge between the worlds of myth
and reason. The ideas of these philosophers appear to some
historians as remarkable anticipations of modern science, to others
as transparent rationalizations of myth. They could not free them-
selves entirely from the inherited cosmic framework, but in their
approach to it, in their critical spirit and in their determination to
produce a simple, rational scheme employing only natural causes,
they took a step whose future importance can scarcely be over-
rated. See also references under "Thales" in the Index volume.

BisLiocraPHY —For textsand testimonies see H. Didsand W Kranz,
Die Fragmente der Vorsokratiker, vol. i, Tth ed. (1954). See further
E. Zdler, La Filosofia dei Greci, Italian trans. ed. by R. Mondolfo, i,
2, pp. 100-134 (1938); J. Burnct, Early Greek Philosophy, 4th ed.
(1550); T. L. Heath, Aristarchus of Samos, the Ancient Copernicus
(1913), and History oj Greek Mathematics, i (1921). (W.K.C.G.)

THALLIUM, a metallic chemical element, discovered in
1861 by Sir William Crookes. During a spectroscopic exam-
ination o the flue dust produced in the roasting of seleniferous
pyrites, Crookes observed a green line foreign to all then known
spectra. He concluded that the mineral contained a new element,
to which he gave the name of thallium, from the Greek for "a
green twig.”

Crookes presumed that his thallium was something of the order
of sulfur, selenium or tellurium; but A. Lamy, who anticipated
him in isolating the new element, found it to be a metal. (Symbol
Tl, atomic number 81, atomic weight 204.39, stable isotopes 203
and 205.)

Thallium occurs in the rare minerals, crookesite. (CuTlAg),Se;
lorandite, TIAsS,; vrbaite, TlAs,SbS;; and hutchinsonite, (T1Ag-
Cu),S.As,S; + PbS.As,S,. It isaso found in minute quantities
in various pyrites, some of which are processed for other purposes,
as, for example, the manufacture of sulfuric acid. 1n such cases,
thallium is often concentrated, as in the flue dusts which arise
in roasting various pyrites and in the chamber muds arising from
sulfuric-acid production; these by-product concentrates are the
usua raw-material sources of thallium.

For the extraction of the metal from chamber mud, the latter
is boiled with water, which extracts thallium as sulfate. From
the filtered solution the thallium is precipitated as chloride by ad-
dition of hydrochloric acid, along with more or less of lead chloride.

TaBLE |.—Physical Properties of Thallium

Density at 20° C., g. per c.c. . 11.85
Melting point ° C. . . . 303.5
Boiling point ° C. . 1,457.
Radius of ion, Ti*, Al 1.15
Radiusof ion, TI***, A. . . . . . . 0.95
Coefficient d linear expansion at 40" C., per ° C. 30.2X1078
Tonization potential of gas atom, volts

1st electron 6.07

2nd electron . . . . . . 20.32

ard electron . . s 29.7
Resistivity at 26° C., ohm-cm. . 18.1 X1076
Potential ‘at 25° C. tor TI&2Tl+-+te, volts 0.336

. T2 TI+++ 43¢, volts —0.719

The mixed chlorides are boiled down to dryness with sulfuric acid
to convert them into sulfates, ahich are then separated by boil-
ing water, which dissolves only the thallium salt. From the filtered
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solution the thallium is recovered, as such, by pure metalic zinc,
or by electrolysis. The (approximately pure) metallic sponge ob-
tained is mashed, made compact by compression, fused in a porce-
lain crucible in an atmosphere of hydrogen and then cast into
sticks.

Physical Properties.— Thallium is a bluish-white metal that
isvery soft, malleable and of low tensile strength. Two crystalline
forms are known with a transition temperature o 226° C. Some
of the common physical properties are given in Tablel.

Chemical Character. — Theelements gallium. indium and thal-
lium comprise Subgroup III in the periodic table (see Periobic
Law). Thalium has the following electron arrangement in the
incomplete orbits (O and P): 5s2, 5pb, 5d19, 6s2, 6pt. |t readily
loses one of its valence electrons to form thallous, the +1 oxida-
tion state, or all three electrons to form thallic, the 43 state.
In the chemistry of gallium and indium (gg.v.), which have the
same outer electron arrangement. the +1 state is of little im-
portance. Thallium metal resembles lead in most of its physical
properties. Thallous ion resembles divalent lead in the formation
of insoluble chlorides and iodides; it is aso quite similar in many
o its properties to the alkalies sinceitisa +1 ion of similar size.
Thallic ion resembles aluminum and gold but with less pronounced
acid-forming properties since it is a larger +3 ion.

Metallic Thallium.— Asshown by the potential in the above
table of physical properties thallium is easily oxidized to the
thallous state. It tarnishes in air, forming an oxide film which
readily dissolves in water; upon prolonged contact with air and
water the metal dissolves to form a thallous-hydroxide solution.
At red heat, water reacts to liberate hydrogen with the formation
of thallous oxide, Tl,0. Thalium dissolves in nitric acid and
sulfuric acid; it dissolves less readily in hydrochloric acid, which
precipitates the insoluble chloride. It unites directly with al the
halogens.

Salts.— Thallium forms two series of salts: thallous, in which
the metal is univalent; and thallic, in which it is trivalent. The
thallic salts are, however, much less stable than the thallous.

Thallium salts are used in the manufacture of certain optical
glasses because of the high refractiveindex conferred on the glass.
They are all poisonous, having an action somewhat resembling
that of lead salts, and are said to have a pronounced depilatory
action. but this has also been denied.

Thallous hydroxide. TIOH. is most conveniently prepared by de-
composing a solution of the sulfate with barium hydroxide It
crystallizes from its solution in long yellow needles. TIOH or
TIOH * H,0, which dissolve readily in water, forming an in-
tensely alkaline solution which acts as a caustic and greedily ab-
sorbs carbonic acid from the atmosphere. Unlike the akalies, it
readily losesits water at 100° C. and even at the ordinary tempera-
ture to form the oxide T1,0, which is black or black-violet Thallic
oxide, Tl,03, is formed when the metal is heated in air or oxygen
at 500°-700° C.. by the action of hydrogen peroxide upon alkaline
solutions of thallous salts, or by heating thallous nitrate. It de-
composes into thallous oxide and oxygen above 8co®. The corre-
sponding hydroxide, T1O OH. is very unstable. A thalothallic
oxide, T1,0.T1,0; or TIO, is also known.

Thallous chloride. TICL. is readily obtained from the solution
of any thallous salt. by the addition o hydrochloric acid, as a
white precipitate similar in appearance to silver chloride, like
which it turns violet in the light and fuses below redness into a
(yellow) liquid which freezes into a hornlike flexible mass. It is
also formed when the metal is burned in chlorine. One part o the
precipitated chloride dissolves at 0° C. in 500 parts of water, and
in 40 partsat 100° C. Itislesssolublein dilute hydrochloric acid.
Thallous iodide, TII, similarly obtained as a yellow precipitate,
requires 16.00c parts of cold water for its solution. The yellow
crystals melt at 190°, and when cooled assume a red colour, which
changes to the original yellow on standing.

Thallous bromide. TIBr, is a light yellow crystalline powder; it
is formed analogously to the chloride. Mixed bromide-iodide
crystals have a high infrared transmission; lenses, windows and
prisms ground from the crystals are used in instruments for the
detection and measurement of infrared radiation.
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Thallous perchlorate, TIC1O,, and periodate, TIIO,, are interest-
ing inasmuch as they, together with several other thallous salts,
are isomorphous with the corresponding potassium salts.

Thallous carbonate. T1,COg4, more nearly resembles the lithium
compound than any other ordinary carbonate. It is produced by
the exposure of thallous hydrate to carbon dioxide and therefore
is obtained when the moist metal is exposed to the air. It forms
resplendent monoclinic prisms, soluble in water. The bicarbonate
is not known.

Thallous sulfate, T1,S0,, forms rhombic prisms solublein water,
which melt at a red heat with decomposition, sulfur dioxide being
evolved. [t unites with aluminum, chromium and iron sulfates to
form alums (g.v.). It adso forms double salts of the type
T1,S0,4(Mg, Fe or Zn)S0,.6H,0. Thallous sulfide, T1,S, is ob-
tained as a black precipitate by passing hydrogen sulfide gasinto a
thallous solution. It isinsolublein water and in the alkalies, but
readily dissolves in the mineral acids.

Thallous nitrate. TINOg, is obtained as white, rhombic prisms by
crystallizinga solution of the metal, oxide, carbonate, etc., in nitric
acid Various thallous phosphates are known. ¢.g., TI;HPO,.H,0,
TIH;FO,, TI;P0O,, T1,P,0,, etc.; they bear a close resemblance to
the corresponding phosphates of the alkali metals.

Thallic chloride, TIClg, is obtained by heating the monochloride
with chlorine under pressure. or by saturating a suspension of the
monochloride in water with chlorine; when anhydrous it is a
crystalline mass which melts at 24°. |t formsseveral double salts;
e.g., with hydrochloric acid and the alkaline chlorides. The
chlorine is not completely precipitated by silver nitrate in nitric
acid solution, the ionization apparently not proceeding to all the
chlorine atoms. The mixed chlorides TICLTICl; and 3TICLTICI,
are also produced by the regulated action of chlorine on the mono-
chloride.

Thallic iodide, TlI;, is interesting because of its isomorphism
with rubidium and cesium tri-iodides, a resemblance which sug-
gests the formula T1I(1,) for the salt, but T. M. Lowry and A. J.
Berry (1928) showed that it does not give the reactions of a thal-
lous salt, and when dissolved in methyl alcohol, it behaves as a
binary electrolyte; i.e., as (TII,)I or as TI[ T1L,;].

Thallic sulfate, TI5(SO4)3.7Hy0O, and thallic nitrate,
TI(NO3)3.3H,0, are obtained as colourless crystals on the evapora-
tion of a solution of the oxide in the corresponding acid. The
sulfate decomposes into sulfuric acid and the trioxide on warming
with water, and differs from aluminum sulfate in not forming
alums.

Thallous acetylacetone. C,H,0O,Tl, prepared from an alcoholic
solution of acetylacetone and the hydroxide. is of interest.

Andyss——All thallium compounds volatile or liable to dis-
sociation at the temperature of the flamedf a Bunsen lamp impart
to such flame an intense green colour. The spectrum contains a
bright green of wave length j.351 A. From solutions containing
it as thallous salt the metal is easily precipitated as chloride. iodide
or chloroplatinate by the corresponding reagents. Hydrogen sul-
fide, in the presence of free mineral acid, gives no precipitate; am-
monium sulfide precipitates T1,S from neutral solutions as a
dark-brown or black precipitate insoluble in excess of reagent.
Thallic salts are easily reduced to thallous by means of solution of
sulfurous acid, and thus rendered amenable to the above re-
actions. Thallous chloride can be titrated by potassium iodate in
moderately concentrated hydrochloric acid solution.

BisLiocraPHY. —A. B. Prescott and O. C. Johnson, Qualitative Chem-
ical Analysis, ed. by R. K. McAlpine and B. A. Soule (1¢933) ; Wendell
M Latimer and J. H. Hi|debrandl,3Reference Book of I'norganic Chemis-
try, srd ed. (1g951) ; Fritz Ephraim, Inorganic Ckemistry, by P. C. L.
Thorne and E. R. Roberts, 6th ed. (1955); T. Moeller, Inorganic
Chemistry (1952). (E. F. O)

THAMES, ariver of England, rising in several small streams
among the Cotswold hills in Gloucestershire. |ts source is gen-
erally held to be at Thames Head, in the parish of Coates, 3 mi.
W. of Cirencester; but claims have also been advanced on behalf
of the Seven Springs, the headwaters of the Churn river, 5 mi. S.
of Cheltenham. Thelength of the river from Thames Head bridge
to London bridgeis 16x4 mi. and from London bridge to the Nore,
473 mi., atotal of 209 mi. The width at Oxford is about 150 ft.,
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at Teddington 250 ft., at London bridge 750 ft., at Gravesend 2,100
ft., and between Sheerness and Shoeburyness, immediately above
the Nore, 54 mi. The height of Thames Head above sea level is
356 ft., Seven Springs 700 ft., and Lechlade 237 ft. and the average
fall below Lechladeis 20 in, per mile. In the following paragraph
the bracketed figures indicate the distance in miles above London
bridge.

The upper course lies through a broad valley. The scenery is
rural and pleasant; the course of the river winding. Before
reaching Oxford the stream swings north, east and south to
encircle the wooded hills at Wytham and Cumnor, which over-
look the city from the west. The Windrush joins from the north
(left) at New Bridge (1263%), the Evenlode near Eynsham (r19),
and the Cherwell at Oxford (112). Between Lechlade and Oxford
the main channel sends of many narrow branches; the waters
of the Windrush are similarly distributed. and the branches in
the neighbourhood of Oxford form the picturesque " backwaters."
The river then passes the woods of Nuneham, and at Abingdon
(103%) receives the Ock from the Vale of White Horse, at Dor-
chester (9s%) the Thame (left), and it then passes Wallingford
(¢02) and Goring (85). The river now bends eastward, and
breaches the chak hills, dividing the Chilterns from the downs of
Berkshire. From this point as far as Taplow the southern slopes
of the Chilterns descend closely upon the river; they are finely
wooded, and the scenery is peculiarly beautiful. At Pangbourne
(80%) the Thames receives the Pang (right), and at Reading (744)
the Kennet (right). After passing Reading it bends northward
to Henley (63), east ard past Great Marlow (57) to Bourne End
(54), and southuard to Taplow and Maidenhead (49%), receiving
the Loddon (right) near Shiplake above Henley. Winding in a
southeasterly direction. it passes Eton and Windsor (43%), Datchet
(41%), Staines (36), Chertsey (32), Shepperton (30) and Sun-
bury (26%), receiving the Coln (left) at Staines, and the Wey
(right) near Shepperton. Flowing past Hampton Court, opposite
to which it receives the Mole (right), and past Kingston (20%), it
reaches Teddington (18%). Passing Richmond (16) and Kew the
river flows through London and its suburbs for a distance of about
25 mi., till it has passed Woolwich. Gravesend, the principal
town below Woolwich, is 264 mi. from London bridge. The estu-
ary may be taken to extend to the North Foreland of Kent. Inthe
tideway the principal affluents of the Thames are the Brent at
Brentford, the Wandle at Wandsworth, the Ravensbourne at Dept-
ford, the Lea at Blackwall, the Darent just below Erith, and the
Ingrebourne at Rainham, besides the Medway.

The basin of the Thames is of a composite character. Thus,
the upper portion of the system, above the gap at Goring, is a
basin in itself, defined on the west and south by the Cotswold
and White Horse hills and on the east and north by the Chilterns
and the uplands of Northamptonshire. But there are severa
points at which its division from other river basins is only marked
by a very low parting. Thus a well-marked depression in the
Cotswolds brings the head of the (Gloucestershire) Coln, one of
the headstreams of the Thames, very close to that of the Isborne,
a tributary of the Warwickshire Avon; the parting between the
headstreams of the Thames and the Bristol Avon sinks at one
point, near Malmesbury, below 300 ft.; and headstreams o the
Great Ouse rise little more than two miles from, and only some
300 ft. above, the middle valley of the Cherwell. The White Horse
hills and the Chilterns strike right across the Thames basin, but
almost their entire drainage from either flank lies within it, and
similarly a great part of the low-lying Weald, though marked of
from the rest of the basin by the North Downs, drains into it
through these hills. Further, the Kennet continues upward the
line of the main valley below the Goring gap, and the Cherwell that
of the main valley above it. The basin thus presents interesting
problems. Its main features originated on a land surface high
above the present level at a time when a thick cover of Mesozoic
rocks extended far to the west of their present outcrop. The
Thames developed its main stream along the synclinal axis of the
London basin, roughly on the line o the present Kennet, at least
by mid-Tertiary times. Much of the drainage of the area south
of adivide running from Market Harborough through Birmingham
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to Plynlimon was carried southeastward toward this axis, as is
evidenced by the wide valleys of the Cotswold headwaters and by
the dry valleys across the Chilterns. When the supposedly Cre-
taceous cover was removed from the western areas, subsequent
streams quickly developed along the outcrops of the clayey Juras-
sic beds. thus diverting many of these tributary streams to the
northeast or southwest. The Goring gap across the chalk escarp-
ment, developed as a deep valley in the ancient surface. was main-
tained and deepened by the waters collected by the upper Thames
from the beheaded Cotsmold streams and by the Cherwell from
the north. The lower Thames appears to have followed the Ken-
net direction northeastward near the line of the present St. Albans
vae until the Ice Age when the accumulation of drift deposits
blocked that outlet and forced the river south toward its present
position. Theintricate terraces of the Thames gravels are of great
interest to Pleistocene geologists and archaeologists; in the Middle
Gravels o the "100-foot" terrace of the Thames, at Swanscombe,
Kent, were found fragments of the Swanscombe skull associated
with Acheulean hand axes.

Tamesis and Iss.—The Thames about Oxford is often called
the Isis, a name recorded in the 14th century. Caesar (De Bell.
Gall. v, IT) says that at the time of his invasion of Britain it was
caled Tamesis. E. Ekwall says it is a British river name cognate
with the Sanskrit name Temasd, a tributary of the Ganges; the
name is taken to mean "dark river." In the first statute passed
for improving the navigation of the river near Oxford (21 Jac. I)
it is cdled the river of Thames, while in a statute of George II
(1751) the word Isis appears.

River Regulation.— The flow of the Thames varies greatiy,
according to the season. In very dry summers the flow at Ted-
dington has been known to fall as low as 200,000,000 gal. per day
and as high as 20,000,000,000 gal. in a rainy season. Flooding
of the surrounding country is not uncommon, and it becomes a
serious menace to the low-lying parts of London, where the river
is tidal, when flooding coincides with high spring tides. The im-
portance of storage reservoirs is manifest under such conditions
o flow, especialy bearing in mind the ever increasing needs of the
London district. The water supply of London is considered under
that heading; it may be noted here that the Thames formsits chief
source of supply, but apart from this the corporation of Oxford and
two companies in the Staines district have powers to draw water
from the river.

Throughout the whole of the Thames watershed, and especially
in the 3,800 sq.mi. above the intakes of the water companies (at
Hampton or in the vicinity), the Thames Conservancy has en-
forced the requirements of parliament that no sewage or other
pollution shall be allowed to pass into the Thames, or any water
communicating with it.

In 1771 an act of parliament was passed authorizing the con-
struction of pound locks on the Thames above Maidenhead bridge.
In pursuance o the powers thus granted, the Thames commis-
sioners of that day caused locks to be built at various points above
Maidenhead, and between 1810 and 181 j the corporation of Lon-
don carried out river works on the same lines as far down the river
as Teddington. The works as subsequently maintained by the
Thames Conservancy board ensure an efficient head of water during
the drier seasons of the year, and facilitate the escape of winter
floods. The Thames is connected with neighbouring rivers by
canals, but nearly all these are now abandoned or used only for
pleasure boating or a little local trade. The Grand Union canal
carries local London traffic and long distance traffic from London
to Birmingham, Nottingham and Leicester. The Lea navigation
takes goods to and from the London docks 26 mi. up the Lea val-
ley. The vast traffic on the lower river and the estuary is con-
trolled by the Port of London authority whose administration
covers the waterway from Teddington to the Nore. Only pleasure
craft and a little barge traffic use the river above Teddington.

In 1857 the Thames Conservancy board was established. Its
powers were increased and its constitution varied in 1864, 1866
and 1894, but the creation of the Port of London authority limited
its jurisdiction. Fish are fairly abundant, especially coarse fish
such as roach, dace and bleak. The salmon was caught as late
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as 1833, but subsequent pollution killed many fish. The right of
the public to take fish freely from the river has been frequently
under dispute and fisheries came under the regulation of bylaws
made by the Thames Conservancy.

THAMES, BATTLE OF THE, was fought on Oct. 5, 1813,
during the War of 1812. During the first year of the war the
British captured Detroit and gained control of much o the U.S.
northwest. Capt. Oliver H. Perry's naval victory over the British
in Lake Erie on Sept. 10, 1813, reversed the course o the north-
west campaign. Brig. Gen. Henry A. Procter, the British com-
mander, abandoned Detroit and began a hasty retreat across Upper
Canada (Ontario) toward Lake Ontario. He was pursued by about
3,500 U.S. troops under the command of Maj. Gen. William Henry
Harrison: who had the aid of Perry's fleet. The battle mas fought
at Moraviantown on the Thames river, a few miles east  present-
day Thamesville. The British with about 600 regulars and 1,000
Indian allies under Tecumseh were greatly outnumbered and were
quickly defeated. Tecumseh was killed and many o the British
were captured, but Procter escaped. The United States regained
control of the northwest and most of the Indian tribes abandoned
their alliance with the British. After the battle the U.S. troops
returned to Detroit after destroying Moraviantown. a village of
Christian Indians. 1n Canada the engagement is caled the battle
of Moraviantown.

THANA, atown and district in India, in the Bombay Konkan
division. Bombay state. The town is 21 mi. from Bombay city, of
which it is now practically asuburb. Pop. (1961) 101,103.

The DistricT OF THANA has an area of 3,683 sq.mi. |t extends
along the coast and is confined between the. Western Ghats on
the east and the sea on the west, while on the north it is bounded
by the Portuguese territory of Damaun and by Surat district, and
on the south by Bombay suburban district. The district is well
watered and wooded, and, except in the northeast, is a low-lying
rice tract broken by hills.

Most of the hills were once fortified, but the forts built on them
are now dilapidated and useless. The only rivers o any impor-
tance are the Vaitarna and the Ulhas. the former being navigable
for adistance of about 20 mi. from its mouth. There are no lakes;
but the Vehar and the Tulsi, formed artificially, supply Bombay
city with water. In 1961 the population was 1,653.327. The
staple crop isrice. Fishing supports many of the people. and the
forests yield timber and other produce. Salt is manufactured by
evaporation along the coast.

The territory comprised in the district of Thana (apart from
Salsette island. which was acquired in 1782) formed part d the
dominions of the peshwa, and was annexed by the British in 1818
on the overthrow of Baji Rao.

THANE: see TureN or THANE.

THANESAR, an ancient town of India, in Karnal district
o the Punjab, on the Saraswati river. Pop. (1951) 11,273. As the
centre of the tract called Kurukshetra in the Mahabharata, it is
a holy place. The bathing fair held here on the occasion of a
solar eclipse is said to be attended by 500,000 pilgrims.

THANET, ISLE OF, forms the northeast corner of Kent,
Eng., and its name is derived either from a Celtic base meaning
"bright™ or "fire island,” referring to beacons, or:from the Old
English. verb "to protrude.” It is composed o a chak ridge
culminating in the North foreland and is separated from the
mainland by two branches o the Stour river, one with the ancient
name of Wantsum.

This former sea channel was guarded north and south by the
Roman forts o Regulbium (Reculver) and Rutupiae (Richbor-
ough), and despite medieval reclamation and the silting up of
Sandwich harbour! remained open for smali boats until the 16th
century. Anciently a ferry crossed the Wantsum at Sarre, but
in the reign of Henry VII a bridge mas constructed with cause-
ways across the marshes. The southern end o the channel was
at Ebbsfleet, the reputed landing place of Hengest c. Ab. 449, and
evidence of Jutish settlement has been found at Ozengell near
Ramsgate and elsewhere. Thanet suffered later from Danish raids
during which Minster abbey was destroyed.

Its location made Thanet of maritime importance and much of
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the island was associated with Dover or Sandwich and lay within
the liberty of the Cinque Ports. During the 18th century Richard
"Beau" Nash helped to develop Margate and Ramsgate as water-
ing places. Modern Thanet forms one of the parliamentary divi-
sions of Kent. It contains the municipalities of Margate and
Ramsgate and the urban district of Broadstairs, and has a popula-
tion of (1g51) 98,695. (Fx. H.)

THANKSGIVING DAY, a national holiday celebrated
throughout the United States, is a day of religious observance, set
apart to give thanks for the blessings of the past year, as well as
an occasion for family reunions, bountiful dinners and festivities
in the home.

Though the origin o the holiday has been attributed to a
thanksgiving festival held by Plymouth colony in Dec. 1621, such
celebrations date from ancient times (see below). In the United
States it became a particularly popular holiday in New England,
and native fruits and vegetables, wild turkeys and pumpkin pies
became traditional foods for the day.

From early colonial times the various American colonies cele-
brated thanksgiving days in recognition of such happy events as
good harvests and victories over the Indians. Pres. George Wash-
ington in 1789 issued the first presidential thanksgiving proclama-
tion in honour of the new constitution. During the 1gth century
an increasing number of states observed the day annually, each
appointing its own date. That Pres. Abraham Lincoln, Oct. 3,
1863, by presidential proclamation appointed the last Thursday of
November as Thanksgiving Day was due to the unremitting efforts
of Mrs. Sarah J. Hale, editor of Godey's Lady's Book. Each suc-
ceeding president made similar proclamations, until Pres. Franklin
D. Roosevelt in 1939 appointed the third Thursday of November.
In Dec. 1941, however, congress by joint resolution approved by
the president set the fourth Thursday of November as Thanks-
giving Day, a national public holiday. Though Thanksgiving Day
in the United Statesis rooted in native tradition, the idea of a day
set apart to celebrate the completion of the harvest and to render
homage to the spirit who caused the fruits and crops to grow is
ancient and universal. Similarly, the practice of designating a
day of thanksgiving for specific spiritual or secular benefits has
been followed in many countries.

In the United States Thanksgiving, despite its religious associ-
ation, often had a distinctly secular flavour. The Yankee country
Thanksgiving in the middle of the 1gth century traditionally fea-
tured a raffle of fowls on Thanksgiving Eve and a shooting match
in the morning. In New York city the day was celebrated by
companies of fantastically costumed persons who paraded noisily
through the streets. Children dressed in the clothes of their elders
went about their neighbourhoods begging for money or for contri-
butions of fruits and vegetables.

Canada has long celebrated a Thanksgiving Day, the date vary-
ing from year to year, but finaly generally placed on the second
Monday in October. Pan-American Thanksgiving Day, observed
annually by representatives of the Latin-American countries in
Washington, D.C., was first celebrated in 1gog.

See F. B Hough, Proclamations for Thanksgiving (1858); W. D.
Love, The Fast and Thanksgiving Days of New England (18953).
(J. K.

THANT, U (1909- ), Burmese educator. writer and UN
official who was elected acting secretary-general of the Gnited Na-
tions on Nov 3. 1961, to serve until April 10, 1963. G Thant's
election marked the first time that anyone other than a native of
Europe had held this position. Hefilled the unexpired term of his
predecessor, Dag Hammarskjold, who was killed in a plane crash
in Africa on Sept 18, 1961.

U Thant was born Jan. 22, 1909, in Pantanaw, Maubin district,
not far from Rangoon, Burma. (Strictly speaking, “U” is not part
o his name but is an honorific title comparable to "Mr." or
"Honoured Sir," though the literal meaning is "uncle." The Bur-
mese do not use surnames at all.) He was educated at the Na-
tional high school, Pantanaw, and at the University of Rangoon,
but had to leave the university to help support his family At the
unwersity U Thant became acquainted with Thakin Nu (later U
Nu), who was to become prime minister when Burma gaintd its in-
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dependence.

After dropping out of the university, U Thant returned to the
National high school in his home town as a senior teacher and later
as headmaster. During the Japanese occupation of Burma, in
World War II, he was a member of various educational commit-
tees, and in Aug. 1943 he returned to Pantanaw to rebuild the high
school, which had been damaged during the war.

After World War II, U Thant was persuaded by U Nu and by
Gen. Aung San. then leader of Burma, to enter government service.
In Sept. 1947 he went to the information department and in 1939
became secretary, ministry of information and broadcasting. He
wasin 1952-33 a member of the Burmese delegation to the United
Nations and, after serving his government in various capacities
back in Rangoon,in 1957 he became Burma's permanent represent-
ative to the UN. Throughout these years he traveled widely, ac-
companying Prime Minister U Nu on various good-will missions
and to international conferences.

Devoutly Buddhist, U Thant sought to apply the personal dis-
ciplines of detachment and concentration to get to the heart of
problems at the UN. Neutralist by practice as well as inclination.
he castigated the U.S.S.R. for its actions in Hungary, criticized
the French over Algeriaand rebuked the United States for the situ-
ation regarding Cuba. When the U.S. snd the U.S.S.R. could not
agree on a secretary-general after Hammarskjold's death. U Thant
was the one person on whom they could compromise. The
U.S.S.R. had earlier demanded a three-man secretaryship (the so-
called “troika”). U Thant continued the Hammarskjold tradition
by exercising extreme discretion, keeping himself available to al
national representatives and forestalling problems before they be-
came insurmountable. Like his predecessor. he considered the UN
to be first and last a world instrument for sustained negotiation.

(G.C.Li; P M. A. L)

THAPSUS, a low peninsula. now known as Magnisi, joined
by a narrow isthmus to the mainland of Sicily. about 7 mi.
N.N.W. of Syracuse. The Athenians used it as a naval station in
their attack on Syracuse early in 414 B.c. A number of tombs
contained objects helonging to a transitional stage between the
second and third Sicel period. attributable roughly to 1000-900
B.C., with a proportion of Mycenean importations.

See Orsi in Monumenti dei Lincei (1897), Vi, 80-150.

THAPSUS, BATTLE OF (47 B.c.). After his victor:: at
Pharsalus Julius Caesar followed Pompey to Egypt. where the
Pompeians accumulated a large army and were joined by Juba.
king of Numidia. A battle was fought at Ruspina in which
Caesar was almost overwhelmed. after which he moved to Veita
and besieged it. withdrew on account of lack of supplies. and. in
order to compel Scipio to battle. marched on Thapsus. an ancient
city of North Africa in the province of Byzacium (the modern
province of Tunis). on the coast more than 100 mi. N. of Carthage.
Thapsus contained large military stores, was strongly garrisoned
and blockaded by Caesar's fleet. On Feb. 4. 47 B.c.. he arrived
before the city, and immediately besieged it. This drove Scipio
into action, for he at once advanced on Thapsus and threw up two
entrenched camps, one for his own men and the other for Juha's
eight miles south of the city.

The maneuvers which now followed were controlled by a salt
water lake. the modern Sehka di Moknine, which lies to the south-
west of Thapsus. Caesar had entirely surrounded the town, but
Scipio considered that it was still possible to relieve it from the
south. Caesar had foreseen the likelihood of this move. and had
built a strong fort in the centre of the strip of land which separates
the eastern margin of the lake from the sea. When Scipio ad-
vanced he struck this fort. and being unable to take it turned back
and decided to march round the lake and force the northern
approach to the city. This he did. and constructed two camps
north of the lake. Though Caesar would have preferred to defer
battle until he had taken Thapsus, he now determined to attack
Scipio before he had finished his entrenchments. Leaving As-
prenas, the proconsul and two legions to carry on the siege. with
the rest of his force he marched against Scipio. One-half of his
fleet he left to continue the blockade, and the other he ordered to
sail down the coast and make a demonstration against Scipio's
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rear. Placing his left on the coast, Scipio drew up his army in
three lines with his elephants and light troops in front of his
right and left wings, his Numidian cavalry on the left, and the
rest of his cavalry and light troops on the right. Advancing on
him, Caesar also extended his army into three lines with the II.
and X. legions on the right, the VIIIL. and |IS. on the left, and
five legions in the centre. His flanks he covered by five chosen
cohorts supported by archers, slingers and cavalry.

As Scipio's camp was but half dug, Caesar's men wished to ad-
vance at once. Caesar, however, was not over anxious to precipi-
tate the battle because he was largely outnumbered by the
Numidian cavalry. Whilst he hesitated, the X. legion suddenly
sounded the charge which was repeated all down the line. The
archers and slingers soon overwhelmed Scipio's elephants with
their arrows and stones, driving them back on their own line,
where they not only demoralized the infantry but scattered the
left wing horse. The infantry lines then clinched, fighting each
other until sunset, when Scipio's right wing became demoralized.
This affected the centre, and soon the entire line broke and sought
refuge in the half-completed camp, which was speedily captured
by a double envelopment of Caesar's wings. Scipio's force was
annihilated in an awful slaughter of which Mommsen writes. "If
the hydra with which they fought always put forth new energies,
if thearmy was hurried from Italy to Spain, from Spain to Mace-
donia, from Macedonia to Africa, and if the repose ever more
eagerly longed for never came, the soldier sought, and not wholly
without cause, the reason of this state of things in the unseason-
able clemency o Caesar." Fifty thousand corpses were strewn
over the battlefield of Thapsus, and among them were several
Caesarian officers known as opponents to the new monarchy.

In this battle neither strategy nor tactics are remarkable, but
what is so is the insubordination of the men, and their growing
sense of mastership in the new order which Caesar was creating.
He wished to found an Empire, and aimed at a complete victory,
constantly taking tremendous risks and ignoring the units. The
soldiers wanted peace, so that they could return to their homes and
families. At Thapsus a battle was begun between the will of
Caesar and the desires of his men. it was slow and progressive. and
did not end until Alaric had sacked Rome. See PHARsALUS, BAT-
TLE OF: Bibliography. (J. F.C.F)

THARAUD, JEROME (1874-1953), French man of letters,
was born on March 18, 1874, at Saint-Junien, Haute Vienne, and
educated at the college Sainte-Barbe and the Ecole normale
supérienre. He became a lecturer at the University of Budapest.
In collaboration with his brother Jean (1877-1952), he gained
the Prix Goncourt in 1908, and the grand prix de littérature at the
French academy in 1920. The brothers are joint authors (J.-J.
Tharaudj of al their works. Jerome was elected to the French
academy in 1938. Hedied Jan. 28. 1953.

Their works include, Dingley, Villusire écrivain (1902); Bar-
Cochebas (1907); La Maitresse Servante (1910); La Bataille &
Scutari d’Albanie (6th ed., 1913); La Tragédie de Ravaillac (1913);
La Vie et la Mort de Dtrouli.de (1914); L’Ombre dr la Croix (1917);
Un Rovaume de Dieu (1920) ; Quand |srael est roi (1921) ; Rendezvous
espagnols (1925) ; La Rose de Saron (1927). See J. Bonnerot, Jérdme
et Jean Tharaud, leur oeuvre (1927).

THARGELIA. A Greek festival bearing signs of very high
antiquity; in historical times part of the cult of Apollo, but quite
possibly, indeed probably, older than its arrival in Greece. The
name is derived from @apynhos, Which signifies an offering of
some sort (exact nature and etymology quite uncertain) used at
thefestival. In Attica. it was held on the 6th and 7th o the month
Thargelion. to which it gave its name; the latter date (toward
the end of May) was supposed to be Apollo’s birthday. On the
6th, certainly at Athens and probably elsewhere. two persons
known as pharmakoi (magical people, "medicine men"), who had
been chosen for their ugliness, were beaten with plants of a magi-
caly purifying value, including squills; being thus filled with good
magic, they were led through the city, presents of food being made
to them. In classical times they seem to have been regarded
chiefly as scapegoats, and some pretense was made o stoning or
burning them to death; it is, however. fairly clear that this was not
their only significance. 1n Attica they were called evBakxxoc; their
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connection with Apollois simply that heis the great god of purifi-
cation. They occur elsewhere in lonian ritual.

On the 7th, sundry holy things, very likely including an eipesi@va
(see PyanoPsia), were carried in procession, and an important
musical festival, with prizes for the best chorus, was held in hon-
our of Apollo; thisis the only rite which definitely can be said is
Apolline and not taken from some still earlier ceremony. It is
noteworthy that on the 6th an offering of a ram was made to
Demeter Chole.

The principal part of the festival was, therefore, agricultural, as
already suggested, Apollo perhaps took it over because it was in
part purificatory; it certainly had no intimate relation to his wor-

ship.
é)IBLIOGRAPHY._—A. Mommsen, Feste der Stadt Atken, E 468 et seq.
(1898) ; M. P. Nilsson, Griechische Feste, p. 105 (1906); L. R Farndl,
Cults of the Greek States, vol. iv, p. 267 et seq. (1907). For the
pharmakoi see V. Gebhard, Die Pharmakoi in lonien und die Sybakchoi
in Athen (Amberg, 1926; bibl.).

THARPARKAR, aformer district of Sind, Pakistan; divided
in 1955 into Mirpurkhas and Sanghar districts. Area 13.435 sq.mi.
Pop. (1961) 728.300 The western part of the former district.
the Pat, is watered by the East Nara canals and the Jamrao canal,
and the presence of water created jungle and marsh; the eastern
part, called Thar. is a tract of rolling sand hills, running northeast
and southwest, composed of a fine but slightly coherent sand and
forming part of the much larger Thar, or Indian desert (see IN-
DIAN DESERT).

To the southeast of Thar is Parkar. where there are ranges of
rocky hills rising to 350 ft, above the surrounding level and open
plains of stiff clay. This area contains the ruins of severa old
temples. The principal crops are millets, rice, wheat, oilseeds and
cotton.

Mirpurkhas (pop., 1961, 60,861) was the administrative head-
quarters of the district. The town is on the metre-gauge line
running from Hyderabad to the India-Pakistan frontier. A metre-
gauge feeder line runs north from Mirpurkhas to join, at Nawab-
shah, the main line from Hyderabad to Lahore, and another goes
south to Jhudo.

THARRAWADDY, a town and district in the Pegu divi-
sion of Burma. The town has a station on the railway, 68 mi.
N.W. of Rangoon. Pop. (1953) 8,977. The district has an area
of 2.815sq.mi. The Pegu Yoma range separates it from Toungoo
district and forms the water parting between the Irrawaddy and
Sittang rivers; there are also many small elevations. The Irra-
waddy is the principal navigable river. Teak forests and fuel
reserves cover more than a quarter of the whole area. Among
the wild animals found in the mountains are elephant, bison and
various kinds of feathered game. The rainfal! ranges from about
60 to go in. Pop. (1941) 593,909, showing an increase of 15,880
in the decade. The railway runs through the centre of the dis-
trict. with ten stations.

The chief towns (pop. 1953) of Tharrawaddy are Letpadan
(15,896) ; Gyobingauk (9,922); Zigbn (7,652); Thonzé (14,443);
Nattalin (8,927); and Minhla (6,470). The staple crop is rice.
The history o the district isidentical with that of Henzada (g.v.).
Ttarrawaddy was formed in 1878 out of that portion of Henzada
lying east of the Irrawaddy.

THARROS, an ancient town of Sardinia, situated on the west
coast, on the narrow sandy isthmus of a peninsula at the north
extremity of the Gulf of Oristano, now marked by the tower of
S. Giovanni di Sinis.

Tharros was 12 mi. W. of Othoca (Oristano) by the coast road,
which went on northwdrd to Cornus and from there to Turris
Libisonis. The town was of Phoenician origin but continued to
exist in Roman times. |t was destroyed by the Saracens in the
11th century.

In the necropolis to the south of Tharros many Phoenician
tombs have been excavated; they are rectangular or square cham-
bers cut in the rock, measuring from 6 to 9 ft. each way. About
3 mi. to the north is the church of S. Salvatore, with underground
rock-cut chambers below it with walls decorated with pre-Christian
paintings.

THASOS, Greek island in the north of the Aegean sea, offthe
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coast of Thrace and the plain of the Nestos river (Turk. Kara-
Su).

Herodotus (ii, 44; vi, 44-48) tells of an early Phoenician set-
tlement, of gold mines and of a temple of Heracles; Thasus, son
of Phoenix, gave his nameto theisland. In 720 or 708 B.c. Thasos
received a Greek colony from Paros. In awar between the Parian
colonists and the Saians, a Thracian tribe, the poet Archilochus
threw away his shield.

The Greeks also owned gold mines on the mainland. From these
sources the Thasians drew annual revenues of from 200 to 300
talents. The Athenians, after a siege of two years, compelled the
Thasians in 463 to destroy their walls, surrender their ships, pay
an indemnity and an annual contribution (in 449 this was 23 tal-
ents, from 445 about 30 talents) and resign their mainland posses-
sions. After the battle of Aegospotami (405 B.c.), Thasos again
fell into the hands of the Lacedaemonians under Lysander who
formed a decarchy there. In the dispute between Philip V and
the Romans, Thasos submitted to Philip, but received its freedom
after Cynoscephalae (197 B.C.).

After a period of Latin occupation in the 13th century it was
captured by the Turksin 1462. After the close of thefirst Balkan
War it was, by the terms of the treaty of London, May 30, 1913,
ceded by Turkey to Greece. The capital stood on the north coast
and had two harbours. The highest mountain, Ipsario, is 3,947 ft.

Besides gold, Thasos produces wine, nuts and marble. Germany
occupied it in 1g41.

The population (1961) 15.916, is distributed in ten villages,
mostly at some distance from the sea; for the island suffered from
pirates. The people are Greek Christians and do not differ in ap-
pearance from the inhabitants of the other Greek islands.

BisuiocrarEY.—For a description d the island and its remains o
antiquity see A. Conze, Reise auf den Inseln des thrakischen Meeres
f(Hanover,.xéseo.); for inscriptions see Inscr. Gr. xii, 8; the idand is

ully described in Journal Hell. Stud. XxiX (1909).

THATON, a town and district in the Tenasserim division of
Burma. The town is situated below a hill range, ro mi. from the
sea.

Thatén was formerly the capital of the Talaing kingdom and
a seaport. Pop. (1953) 38,047. The district has an area of 4,870
sq.mi ; pop. (1941) 592,638.

THAXTER, ROLAND (1858-1932), U.S. botanist and
mycologist, was born at Newton, Mass., on Aug. 28, 1858. Here-
ceived the Ph.D. degree from Harvard in 1888, and in that year
was appointed mycologist at the Connecticut agricultural experi-
ment station. Three years later he returned to Harvard as as-
sistant professor of cryptogamic botany. He succeeded William
Gilson Farlow (g¢.v.) as professor in 1gor, retired in 1919 and died
at Cambridge, Mass., on April 22, 1g32.

Thaxter's earliest paper on fungi (1887) was on the Gymnospo-
rangium rusts and their Roestelia stages. He was among the first
to study the slime bacteria (1892). His most famous work was
done with the Laboulbeniaceae, a group of fungi that externally
and apparently harmlessly parasitize insects. In his monograph
(five parts published, 1896-1931) of this previously little-known
family he described over roo new genera and 8oc new Species.
I'n 1909 he served as president of the Botanical Society of America
and in 1912 was elected member of the National Academy of
Sciences. Farlow and Thaxter were successful in building an out-
standing school and herbarium of cryptogamic botany at Harvard.

See account of Thaxter, with alist of his publications, in Biogr. Mern.

Nat. Acad. Sci., vol. xvii, pp. 55-68 (1g37); notice in Proc. Linn. Soc.
Lond., vol. cxliv, pp. 190-192 (1932). (J. W. T1.)

THAYER, ABBOTT HANDERSON (1849-1g921), U.S.
painter, whose etherealized feminine figures were characteristic
of U.S. art in the late 1gth century, was born at Boston, Mass.,
Aug. 12, 1849. He at first specialized in animal painting, but
after study in Paris with Jean Léon Gérdme, he returned to the
United States (1879) with loftier aims. He was elected president
of the Society of American Artistsin 1884 and became a member
of the National Academy of Designin igor. He died at Dublin,
N.H., on May 29, 1921.

Thayer painted delicate still life, imaginative landscapes and
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vital portraits. In figure pieces he often idealized young women
with the obvious symbolism of wings or halos, but the real quality
of these, as also of his youthful male subjects, is in character in-
terpretation. He is best represented in Washington, D.C., at the
Freer Gallery of Art and in the Gellatly collection, National Col-
lection of Fine Arts. His long study of wild animals produced
a theory of concealing coloration that was useful in developing
camouflage in World War |. See ANiIMAL COLORATION.

See Nelson C. White, Abbott H. Thayer (1952). (VL. B.; X))

THAYER, WILLIAM ROSCOE (1859-1923). U.S. writer,
was born in Boston, Mass., on Jan. 16, 1859. After travel abroad
with a private tutor. he graduated at Harvard in 1881. In 1918
he was elected president of the American Historical association
and was awarded numerous other scholarly honours.

Thayer died at Cambridge, Mass., on Sept. 7, 1923. He was
best known for his works on Italian history, especialy The
Dawn of Italian Independence (1893) ; A Short History of Venice
(1905); and The Lifeand Times of Cavour (1911). His Letters
(1926) were edited by C. D. Hazen.

THAYETMYQ, a town and district in the Magwe division
of the Union of Burma. The town is situated on the right bank of
the lrrawaddy, opposite Allanmyo. Pop. (1953) 11,649. Thecan-
tonment is no longer used, and the population and importance o
Thayetmyo have terided to decrease with the rise of Allanmyo
(15.580in 1953). There is a special industry of silverwork.

The district has an area of 4,642 sq.mi.; pop. (1941) 297,434.
The rainfall ranges between 30 and 50 in. On the west is the
Arakan Yoma range, and on the east the Pegu Yomas; and the
face of the country, where it does not rise into mountains, is
everywhere broken by low ranges o hills, many of which are some-
what barren. The chief river is the Irrawaddy, which traverses
Thayetmyo from north to south.

Products are rice, cotton, peanuts, oilseeds, tobacco and cutch;
the manufacture of the dyestuff is carried on extensively.

THEACEAE, the tea family, an important group of dicoty-
ledonous shrubs or trees, with 16-18 genera and more than 200
species, chiefly tropical and subtropical, in both hemispheres. An
important genus is Canzellia, wholly Asiatic, with 50 or more spe-
cies, among them tea, C. sinensis, the cultivated camellia, C.
japonica; and the Chinese tea oil plant, C. drzrpifera.

Stewartia, Franklinia and Gordonia species, all native to Asia,
are often cultivated for ornamental purposes. The family is rep-
resented in the southern U.S. by two species each of Stewartia and
Gordonia, sometimes called camellias, and franklinia (Franklinia
alatamaha), a beautiful fall-blooming tree. Ternstroemia, with
90 or more species. and Eurya, with 100 or more species, occur in
both hemispheres. See Tea: Botany, CAMELLIA.

THEAL, GEORGE McCALL (1837-1919), British his-
toriographer, was born in Canada in 1837 and became a school-
master in Cape Colony in 1858.

Theal developed an interest in the natives and in the history of
the country and, after settling a dispute with the Gaika Kafirs on
behalf of the government (1877), joined the Cape civil service, in
the native department. He was also appointed keeper o the
archives, and in 1891 was made colonial historiographer, a position
which he held until 1905. He died at Wynberg, Cape Province, on
April 17, 1919. He published a History of South Africa (1486~
1872), 5vol. (1888-93); official Records of South East Africa, 9
vol. (1898, etc.); Records of Cape Colony, 1793-1827, 36 vol.
(1897, etc.); The Beginning of South African History (1902);
and many other works, some in Dutch.

THEATRE (ARTICLES ON). The article Drama dis-
cusses the origins of the dramatic arts and gives a historical review
of dramatic literature and institutions, from ancient Greece, Rome
and India to the Broadway and West End of today. THEATRE
is concerned with the dynamics of drama— the evolution o the
various forms of stage presentation, and the ideas and methods
that animate the modern stage.

The activities involved in bringing a script to life before an
audience are treated in Acting, DIRECTION AKD Probucrion., The
changing standards by which theatrical values have been judged
are discussed in DRamATIC CRiTicisM. The contributions o
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dramatists to national literatures are evaluated in such articles as
AMERICAN LITERATURE, ENGLISH LITERATURE, FRENCH LITERA-
TURE; SPANISH LITERATURE; e€tcC.

Various forms of dramatic art discussed in the surveys men-
tioned above are represented also by individual articles— for exam-
ple: BALLET; CoMXEDIA DELL'ARTE ; KABUKI THEATRE; MASQUE;
MusicaL Coxepy; NO DRrRamA; OPERA; OPERETTA; PAGEANT;
PaNTOMIME; SHADOW PLAY.

Additional articles on forms of theatrical presentation include
MIKSTREL SHOW ; Music HALL AND VARIETY; PUPPETS AND MARI-
ONETTES; VAUDEVILLE.

Articles dealing with technical aspects of the theatre include
CostTuME DEsIGK, THEATRICAL; MAKE-UP (STAGE. MoTioN Pic-
TURE AND TELEVISION); MAsSK; STAGE LIGHTING;, THEATRES
(STRUCTURES).

MoTioN PicTures gives a comprehensive survey of motion-
picture writing, directing and technology. Sections on animated
cartoons and educational films are included, as well as discussions
o methods of distribution. Other mechanical media for drama
are treated in BRoapcAsTING and TELEVISION.

A series f articles deals with individual theatrical organizations
—for example, ComEDIE FRANGATSE ; FEDERAL THEATRE PROJECT;
FoLIEs-BERGERE; GRoOUP THEATRE; Moscow ART THEATRE;
OBERAMMERGAU ; THEATRE GUILD.

Among the articles on theatrical lore and activities are Con-
JURING; FooL (JEsTER); FoRTUNE TELLING; PuncH; and VEN-
TRILOQUISM.

Many biographical articles—for example, those on Shakespeare
and Garrick—review the work of the great playwrights and actors
in the perspective of the societies to which they belonged. The
article on Shakespeare outlines his life and work, the sources
on which he drew and his placein Elizabethan London. A separate
section of this article analyzes the various types of conjecture
on which the anti-Shakespearean theories have been based, and
balances these against the body o established facts.

The Index. in addition to listing complete articles on theatiical
topics, guides the reader to subjects covered in individual sections
and passages.

The following articles are suggested as a minimal reading pro-
gram for an introduction to the history and basic methods o the
dramatic arts: Acrting, DIRECTION AND PRODUCTION; DRAMA;
Dramartic CRiTICISM ; MoTION PIcTURES; TELEVISION : Television
Broadcasting; and THEATRE.

THEATRE, the place in which dramatic entertainments are
presented (from the Greek theatron) and, by extension, the activ-
ity comprising both the dramatic performances themselves and
the work of all who are responsible for presenting them to audi-
ences. Thisarticle isarranged as follows:

l. Generd
1. Introduction
2. Actor and Society
3. Origins
II. The East
II1. The West
A. Antiquity
1. Greece
2. Rome
B. Christian Revival
1. International Drama o the Medreval Church
2. Medieval Minstrelsy and Pageantry
3. Renaissance, Reformation and Colnter Reformation
C. Classicd, Baroque and Romantic Reaction
D. Supplementary Arts
1.
> e | | |
3. Mime, Pantomime, Vaudeville and Music Hall
V. 20th Century
. Asan Theatre
. Great Britain
U.SS.R.
Germany
France
British Commonwedlth
South Africa
United States
Latin America
. Drama Festivals

Som~ourwNE

=



THEATRE

I. GENERAL

1. Introduction.- -When the word theatre is employed in the
extended modern sense, descriptive epithets like Greek, Chinese,
Elizabethan and Restoration. used in conjunction with it, serve to
characterize not only the style of acting, building, costume and
setting used in the theatre of the nation or period o history speci-
fied but even the style of written texts, together with the complex
structure of commercial organization, government regulation and
social relations. Theatreis, then, astyle of dramatic art individual
enough in its theory and practice to warrant description by a
special label; "Indian theatre,” "medieval theatre,” "theatre in
the round" define whole subjects either as homogeneous categories
or periods o dramatic history, or as identifiable dramatic
styles.

These styles are evolved through the crossfertilization d na-
tional and historical artistic traditions in theatre practice, as ex-
emplified in England or France by the adoption during the 17th
century of Italian Renaissance landscape scenery, or in Germany
by the 19th-century vogue for Shakespeare or during the present
century by W. B. Yeats's interest in the Japanese né play and
the public enthusiasm for the Russian ballet presented by Sergei
Diaghilev in Paris and London. The physical shape of stage and
auditorium. too, in the course of about 2,000 years, has had a
direct influence on the sort of play devised for performance: this
is clearly seen when Sophocles' Antigone, Electra or Oedipus Rex
are compared with modern versions of the same stories (e.g., by
Jean Anouilh. Hugo von Hofmannsthal. Jean Cocteau) where the
large role played in the original by a numerous chorus is adapted
or omitted to conform with the physical conditions of modern
theatres, which are both smaller in size and more intimate in the
actor-audience relationship provided.

2. Actor and Society. — In any concept of the word "theatre™
larger than that restricted to timber, bricks and mortar, the centre
isthe actor. Itison him that the author must depend if his own
scenario or text is to reach the audience as a living action. It is
on him that the audience must depend as the instrument through
nhom the author's ideas are fully manifested in word, gesture and
deed. Theatre, in the sense of a building, only acquires a raison
d’étre as a place for actors to perform in front of spectators. This
is as true o the inanimate puppet and marionette theatre, and
of the filmed drama or of the mechanically projected radio and
television play, as it is of the animate theatre where. in opera.
ballet or play, human actors encounter their audiences in person
at every performance. All dramatic art, therefore, regardless of
national or period label, takes its essence from the mimetic talent
o the actor and its quality from the use to which this talent is
put by the society that develops and rewards it.

The quality o the individual theatre will be particular to the
society and mill reflect that society's own level of development
and standards o civilization. Great periods of achievement in
the theatre have generally tended to coincide with or to follow
immediately upon great national achievement, as the theatrical
vitality of Periclean Athens, of Elizabethan England. o Louis
XIV’s France or of Scandinaviain the late 19th century illustrates.
By contrast, a civilization with a marked addiction to ostentation
and material values is likely to reflect this in a theatre dominated
by spectacle and vulgarity, as may be seen in the decadence o
Roman drama, of the English theatre during the 19th century or
in the implications in the name of Hollywood in the latter hdf of
the 20th century.

This relationship between the actor and the society of which
heformsa part isitself responsible for the pattern o birth, growth,
climax and decay repeated within every period of the theatre's
history distinct enough to be identified by such special designations
as " Greek tragedy" or commedia dell'arte. The creative initiative
isinvariably spontaneous and supplied by amateurs either directly
asperformersor indirectly as patrons. Any degree of popular suc-
cess is then sought by professionals for reward until a point is
reached where technical perfection or virtuosity can be admired
inits own right. Exploitation o the commercial possibilities by
the actors, their sponsors or both, in such a manner that financial
gain outweighs care for art, quickly undermines professiona in-
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tegrity; artistic standards decline until that theatre loses first the
respect. then the support of its patrons, and finally, its identity.
Outstanding examples of the amateur initiative are the dance
dramas of primitive peoples, the essays in perspective scenery and
stage machinery of the 16th-century ltalian intermezzi and of the
Stuart masque in England, and the American arena theatre move-
ment that began in Seattle. Wash., at the University of Washing-
ton and was later endowed on a professional basis in Washington,
D.C.

Another cyclic feature often repeated in the theatre's evolution
is the sacrifice of an initial reliance on emblematic conventions of
presentation to the gradual but increasing requirements of veri-
similitude and spectacle for its own sake. This change is char-
acterized by proportionately mounting production costs and by
the sacrifice on the part of the actor of much of his own liberty
o action to the whims or exigencies of painters and technicians;
and in motion pictures, radio and television to the mechanical
restrictions of microphones, cameras and transmitters as well.

The actor's standing with society at large depends upon that
of the theatre as a whole. In a primitive community he gained
the approbation of his fellow men for contributing his own un-
usually developed human talent for mimicry to their service: in a
more sophisticated society his translation to professional status
may make him an object of envy to many and of censure to those
others who claim that it is improper to esteem. let alone reward.
any form o pretense. Acting and actors. when the activity is
self-conscious enough to merit description under these terms. have
thus always been a debatable asset to society; Plato thought them
worthless hypocrites while in England between 1648 and 1660 they
were termed " caterpillars of the Commonwealth.” At other times
they have been valued highly enough to be thought worth foster-
ing, as Aristotle believed them to be, or to warrant receipt of
training, salary and pension at the expense of government! as in
Soviet Russiain the 1960s.

3. Origins.— This ambivalence in the actor's status and reputa-
tion in society derives directly from the way in which his mimetic
talent is first harnessed to the needs of society. This talent isin-
stinctive in every child and brings him from infantile to mature
socia behaviour. Linked with this instinct to explore by imita-
tion and thus to enlarge experience is an egocentric concept of
the individual's relationship to other people. The two in con-
junction result in the self-assertion that distinguishes the per-
sonality of one individual from that of another. Once pretense
by imitation has acquired this degree of self-consciousness. a dis-
tinction between "the performer™ and "the beholder” becomes
possible; each is only satisfied by the presence of the other. The-
atre is born when this co-operative act of make-believe extends to
cover consecutive imitated action. The attention of the beholder
is arrested and held by the nature and accuracy of the imitation,
while the ability of the imitator is enlarged by knowledge gained
from the experience.

Theatrein this most elementary of formsisinarticulate. depend-
ing neither on a formal text nor on improvised speech; known as
mime (q.v.), imitation through gesture and movement of the
face and body is common in this state to al peoples and requires
only an open space for its enactment.

Historical study has revealed that theatre in this natural form
is quickly harnessed by all primitive peoples in seeking explana-
tions for what is mysterious and unknown in their own environ-
ment. Attempts are made to establish contact with the sources
o power in nature that appear most destructive and hurtful to a
primitive people: excessive heat and accompanying drought. rain
and floods, extreme cold and other violent phenomena occasioning
acute emotional anxiety to tribe or individual. The form that
these attempts take is usually mimetic imitation of the phe-
nomenon feared, or imitation of objects observed to be related
to that phenomenon in nature; the consuming power of fire is
sought from contact with the ashes or the secret of fertility from
contact with evergreens; the rhythms of nature as heard and
seen in the movement of the wind or the sea are copied and simu-
lated in dance. With such means as these an appeal is made to
the spirits or deities deemed to govern the elements to assist or at
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least to refrain from harming the supplicants. Disguise of the
person in the shapes of nature and projection of the person into
dance patternsimitating its movements are thus among the earliest
distinctive components o theatre; a third essential is an open
space where the disguised dancers may undertake their ritual.

The obstacle between these preparations and direct communica
tion with the hidden god is consciousness of pretense in the whole
nature of the action; the disguises adopted, being no more than
emblems of the nature of the god, cannot be expected to induce
the power required to permit speech with the god. A state of
heightened emotional awareness has to be stimulated to obliterate
this restrictive consciousness. |t is here that the performers are
called upon to generate an emotional response of an extraordinary
kind in the beholders by accentuating the rhythmic quality o
the dance patterns. The union between mortals equipped with
nothing better than the crude symbols of the god's nature and
behaviour and the controlling mind of the god himself, which in
everyday life appears impossible, then becomes possible in the
frenzy or ecstasy of the dance rhythms; and in this union o the
spirit, involving the submergence of the individual in the whole,
fear is overcome and anxiety allayed. Famine and plague may
recur, but given the means of further communication the god can
always be consulted.

The fear that is common to al individuals is that of death;
it is thus to be expected that in their dance rhythms primitive
peoples have been most attracted to those aspects of nature in
which rebirth noticeably grows out of death; that is, to the
solstices and the seasons. These phenomena account for the most
persistent of all early theatrical imitations— the slaying o the
god and his subsequent resurrection. The ancient rites associated
with Osiris in Egypt derived from this assumption, and traces of
it may be seen in the sword dances and mummers' play of the folk
in northwestern Europe.

These rituals were designed to propitiate the forces of nature
for past misdemeanours or to seek their assistance in future strug-
gles. but many rites of a similar kind were evolved to give thanks
for assistance received. These expressions of joy, however, were
not marked by any such clearly defined narrative pattern as that
of the dying god; the most notable characteristic was simply ex-
cess as exemplified for the whole western world by the proverbial
Saturnalian orgy of Roman times or, in the Christian era, by the
licentious Feast of Fools. when what E. K. Chambers described
as "the peasant beneath the cassock™ revealed his nature.

The transition from these dance rituals (specimens of which
may still be observed in New Guinea and in parts of Africa) to a
species of pretended action that incorporates a long and formal
narrative with accompanying dialogue is difficult to discuss since
it was not within the means of persons making this transition to
record its details. They could only transmit what they knew,
verbally or by example, to those who followed them and who added
to and embroidered what they inherited with spontaneous inven-
tions of their own. Itis, therefore, to anthropologists and experts
in the primitive religions o the world that one must turn for in-
formation. Relics survived in regular dramain the continued use
of masks; in the relationship between actor and chorus in the
earliest Greek tragedy and the earliest liturgical plays o the
Christian Church, which reflected that of priest and congregation;
in the elaborate emblematic headdresses, costumes and gestures of
the Indian and Chinese classical theatre; and in the presence of
an altar as the focal centre of the earliest Greek and Christian
dramatic action. Above al there may be discerned in the written
textsof tragic drama a continuance of earlier efforts to explain the
inexorable laws of nature to fearful mankind, and in al early
comedy a deliberate release of high spirits, which, in mocking
everything artificial, pompous or unnatural, extols the liberty and
bounty o nature.

Tragedy and comedy are the two primary types of theatrical ex-
perience that dramatic art. however sophisticated the place or
time. has continued to provide. The more serious kind has aways
preserved some affinities with its religious origins, while the more
frivolous kind has always been liable to degenerate into forms of-
fensive to a.highly developed sense of public decency. It is the
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exploitation of thelatter forms of simulated action by professional
actors for commercial reward in return for the social recreation
provided (incontrast to the spontaneous amateur theatre of wor-
ship) that has caused both actors and the theatre to be attacked
from time to time as vicious. immoral and better suppressed.

II. THE EAST

The country with the earliest reliable record of a dramatic tra-
dition more advanced than ritual dancing is India, its history
being traceable to about Ap. 100. Java, Bai and Burma all pos-
sess a notable dance drama, but it is from China and Japan that
the most highly formalized dramas have survived into current
use, despite contact with the western world. Indian classical the-
atre (Sanskrit) wasvirtually extinguished as a result of the Muslim
invasions o the 10th century and after; but enough information,
in the form of play texts and treatises about their staging, sur-
vived for attempts at revival to be made during the 19th century.
Sot enough is yet known in the west about the early history of
the oriental theatre to ascertain the degree of interaction between
the various dramas o distinct national origin; the Japanese the-
atre, however, owes as direct a debt to the Chinese theatre as the
American theatre does to that of western Europe.

The transition from dance drama to regular plays in India,
China and Japan was made in each instance through the Buddhist
religion and aristocratic patronage, distinct genres with written
texts being in existence in India by the 2nd century a.p., in China
by the 6th and in Japan by the 14th. In all three countries actors
have had a mixed reputation, some enjoying the friendship of
princes and others being regarded as little better than beggars or
criminals. In India, actors (nuta, "a dancer™) formed an identifi-
able class or caste in society and female roles were played by men
until the 20th century. In all three countries an actor's training
started in early youth, and a high degree of skill was required not
only in dancing but also in singing, mime and acrobatics.

Where theatre buildings and the stage conventions employed in
them are concerned, common practice is again evident. Temples
and palaces adapted to suit the actor's needs sufficed initially
and, in India, probably continued to do so; at least there is no
evidence of buildings constructed to accommodate dramatic rep-
resentationsaone. In China and Japan, however, actors acquired
wealth and position enough to become independent of their patrons
and to build regular theatres for popular audiences. The typical
Chinese theatreis a rectangular building containing a large project-
ing stage (almost square) backed by a curtained or painted wall
containing two doors. The no stage in Japan (and the kabuki
stage, which is adapted from it) also projects into the auditorium
and is square (18 X 18 ft.). A penthouse roof (adapted from
the Shinto temple of origin) projects over this stage and is sup-
ported by pillars. (See NOo DramA: Staging; KABuUKI THEATRE.)

Theatres of the east have no scenery in the western sense of
the word. Place is identified by emblems, some being permanent
fixtures like the four stylized pine trees (one large, three small)
o the no stage, others taking the form of large stage properties
like the arched gate or painted flags of the Chinese theatre:
change of place isidentified by the mime o the actors, by special
properties like the Chinese tasseled horsewhip and by the shifting
of propertiesin the audience's view by stage assistants, who sit on
the stage throughout the action. These architectural and scenic
conventions bear a marked resemblance to those used in European
theatres o the middle ages and early Renaissance (see below).

A similar reliance upon an emblematic manner of presentation
is seen in the costuming and acting style of oriental plays. Masks
arerare. Only thefirst actor (s#ite, slztay) wears onein n6. The
painting of the skin. however, and particularly of the face, was
regular in al three theatres and developed to a quite remarkable
degree in China. where the hua-lien or painted face denotes char-ac-
ter through both the particular lines and colours of the make-up.
Many have been standardized, and the actor is trained to be com-
petent in the style, colour and scale of beards, applied jewels,
lines and spots appropriate to particular characters.

Headdresses and articles of clothing also serve to demonstrate
character and temperament. In Indian drama gods and princes
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areimmediately identifiable by their exceptionally elaborate head-
dresses, while in China and Japan animal headdresses (especialy
tiger heads) and plumes worn above the painted face are appropri-
ate to warriors d high rank. Colour symbolism plays as impor-
tant a part in costume as it does in make-up: robes of rich silks
and satins are often 'so elaborate as to require long practice in the
wearing of them if they are to be maneuvered with any semblance
of agility or grace.

Contact with the west did not at first make any difference to
these traditions except in India, where, under British rule, a grow-
ing European interest in Sanskrit literature led to a revival of
classical plays in Bengali translation (1857 and after). This
revival was possible because o the survival o both the play texts
and the Natyasastra of the Brahman priest Bharata, a detailed
treatise on the composition and production of plays written during
the 3rd century ap. and as important a document for the study of
Eastern drama as the writings of Aristotle and Vitruvius on Greek
and Roman drama have proved to be in the west. Other later
commentaries embroidered on Bharata's work but added little
that was new. Archaeological research has brought to light a few
pictorial representations of early performances.

Music has always formed an important element in the oriental
theatre. Instrumental music conjoined with religious ceremonies
introduced the leading player, who sang or spoke an explanatory
prologue. In Japan, this function is shared between the second
actor (who enters first) and the first actor; in China, the pro-
tagonist o the drama undertakes this task; in India. it was done
by theleader of the company (Sutradhara). The orchestra (domi-
nated by flutes, drums. cymbals and gongs) not only accompanies
chanted dialogue but also sets a tempo that is carefully followed
by the actorsin their movements.

Formal differentiation of genres exists in the eastern theatres.
Japanese kabuki and no are the most obviously distinct; but in
China wu (the military play) and wen (plays with civilian subject
matter) are traditionally as different. Distinctions in the Indian
theatre, as between nataka ("heroic legend) and prahasna (" farci-
cal stories"), are aso real. Japanese no is itself divided into
categories. Nowhere, however, is there any close correspondence
to western genres (with the possible exception of melodrama).and
in India the happy ending was invariable. Act and scene divisions
o the kind familiar to the west are normal to al oriental plays,
but unity of place has never been a question of consequence in
a drama where episodic narrative is the dominant characteristic
of structural form and where the technical virtuosity o the actor
in afamiliar role has always counted for more than novelty o plot
or formal compactness. Western motion pictures, when intro-
duced into eastern countries, found substantial popular support
because of their episodic treatment of narrative; such techniques
were already familiar to audiences.

Photographic realism. however, while easily copied by film mak-
ers of eastern nationality, has struck a severe blow at the imagina
tive emblematic conventions of the oriental stage. which by the
1960s had lost popular support to films and television.

1. THE WEST

The history of theatre in the west differs from that of the east
in two important respects. In the west there was the phoenixlike
rebirth of organized drama in the middle ages after about 400
years of seeming death, and in the 20th century the quest for
verisimilituae in dramatic imitation culminating in the mechanical
reproduction of performances on film—a western invention sub-
sequently exported to the east.

The most important single feature distinguishing the drama of
the first phase. from the 5th century s.c. to the 6th century a.p.,
from that of the second phase, from the 10th century ap. to the
20th. was the intervening influence of Christian philosophy and
ritual. The theatre of the first phase was Greek in origin, spread
to Italy and from there was transplanted east. west and south to
the frontiers of the Roman empire; northward it penetrated into
Austria, Germany and even Britain. The decline and fall d the
theatre. already sapped from within by a growing dependence upon
costly spectacle coinciding with objections to the nature d the
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spectacle raised by Christians on moral grounds, was one of the
results of the barbarian invasions.

Although many theatres of the Hellenistic period are still stand-
ing in the 20th century, the new drama of Christian inspiration
that began to take life and shape in the 10th century did not make
use o these buildings; nor did it imitate the sophisticated forms
of Greek and Roman regular drama since the new texts. acting
and stage conventions mere supplied by amateurs. Not until
the 15th century was any serious concession made to earlier prac-
tice. The full-scale revival of Greek and Roman play forms and
architectural concepts that followed in the 16th and 17th centuries
was consequently distorted from the start; difficulties arose be-
cause a Christian society was seeking to emulate a product of non-
Christian inspiration and because this society lacked adequate
knowledge of stage practice in anything but late Roman theatres.
The imitation consciously pursued was thus unconsciously based
on a phase of Greco-Roman theatre already decadent in its addic-
tion to spectacle and in its relation to societv. The result. in
every European country that already possessed a theatre of Chris-
tian inspiration. was to create a divorce between the two; i.e.,
between a religious stage commanding popular support and a
commedia erudita, or academic theatre, of interest only to the
aristocracies of intellect and courtly privilege. This divorce coin-
cided in time with the wars of religion; and, since the popular
theatre was religious, the divorce took a form in each European
country that followed the pattern of ecclesiastical government.
In Italy divorce between the two became total by the end of the
15th century; in Spain— because of close supervision and gradual
modification by the Inquisition—it is scarcely discernible; in
France, Germany, the Low Countries and England it was erratic.
Censorship and suppression. however, are everywhere in evidence,
the differences from one country to another being in timing and
degree. In France the religious stage was dissolved by the edict
of 1548; in England it had become impossible by 1590 for any
play devoted to religious subject matter to he performed with
impunity. To the revival o Roman theatre, the court amateurs
of European countries contributed something of their own—a pre-
occupation with dance and song, which were developed respectively
in succeeding centuries as ballet and opera.

Despite theimmediate triumph of the academically inspired neo-
classical theatre in the 17th and 18th centuries popular elements
returned to it, the way being led by the commedia dell’arte (g.v.)
in Italy and by sentimentalism in English drama of the late 17th
century. The romantic revival championed by Diderot in France
and Lessing in Germany restored some dignity to the popular the-
atre of earlier times but it did not recover for a theatre of situ-
ation, intrigue. manners and scenes the popular support previously
accorded to the theatre of religious and heroic narrative with its
emblematic conventions of presentation. The development of
melodrama in the 19th century restored to narrative and action
their earlier pre-eminence, but the theatre's ability to provide ac-
companying spectacle of arealistic kind was eclipsed by the poten-
tialities of the motion picture, which came into existence by the
beginning of the 20th century.

The commercial potentialities of film theatre were quickly real-
ized. The technique o marrying sound to picture was perfected
in the late 1920s, opening a national market for repeated show-
ings of a single performance, which. with the additional accom-
plishment o providing subtitles and "dubbing™ in foreign lan-
guages. was extended to include a world-wide market. Further
wholesale changes in bringing plays to audiences, instead of oblig-
ing audiences to come to theatres, are similarly attributable to
advances in scientific knowledge; the most notable being the in-
vention of radio and television transmission and of processes for
the recording of such transmissions.

A. ANTIQUITY

1 Greece.—As well as creating great dramatic masterpieces,
the classical Greek theatre has left a notable legacy to posterity
m the (1) distinctness of the three dramatic genres— tragedy.
comedy (old, middle and new) and satyr play; (2) the size and
shape o the theatre buildings; (3) the division of function within
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the drama between actors in the roles of characters and those
serving as choric commentators interpreting between the pro-
tagonists of the stage action and the audience; and (4) the strongly
characterized masks worn by the actors.

A relationship between réligious festivals and the three forms
of regular drama (particularly in the rites associated with the
nature god Dionysus) is generally acknowledged by historians but
evidence is lacking with which to define this relationship in any
detail. The outstanding survival from the earliest Greek tragedy
is the relationship among single actor, chorus and audience (the
whole community), which parallels that among priest, initiates
and congregation in religious ritual. The paralel is reinforced
by the themes and structure of the earliest surviving plays. Trag-
edy, being concerned with the moral government o the universe,
was strictly serious and formal; Aeschylus' Oresteia, for example,
concerns crime and its consequences in terms of mortal and divine
retribution. Comedy (:.e., old comedy), being contemptuous d all
human attempts to behave as if mortals possessed the minds o
gods, was joyous, robust and satirical; Aristophanes' Lysistrata,
although deeply serious in its concern about war, still appears in
the 20th century to be as uproariously funny as it is outspoken
in the means suggestedto prevent war's recurrence.

As Greek drama developed, emphasis shifted from divine and
cosmic themes to mortal and microcosmic problems. H. D. F.
Kitto has written that tragedy was formed, ennobled itself and
lost its vigour while Athens was passing through the same proc-
esses; during this period, he points out, tragedy moved from com-
munal toindividual themes. Comedy underwent a seriesof equally
clear transitions from, broadly political (old comedy) to socia
satire (middle comedy) and then to a comedy of manners with
stereotyped characters in plots dependent on intrigue and situa-
tion. Changes in theatre practice kept step with these thematic
tendencies. Aeschylus (¢.v.) called on the services of a second
actor (both actors doubling in more than one part) and Sophocles
(g.v.) on those of a third. Both authors tended to increase the
number of charactersin their plays, and their successor, Euripides,
went farther still in this direction. The chorus lost ground to
the actors in number and function. The origina dithyrambic
chorus of 50 that Aeschylus inherited had been reduced in
Euripides' lifetime to less than haf the number, with nothing
more to do than interpolate decorative lyrical odes as interludes
in the action. In comedy, whereas Aristophanes used his chorus
as formally as Sophocles, the new comedy of Menander used it
for induction or the interpolation of songs for their own sake.
The pursuit of realism brought with it a corresponding change
in the nature of both stage language and setting. The earliest
plays are made up of sequences o choral odes interrupted by
"episodes" of speech for actors (e.g., Aeschylus Agamemnon).
Sophocles' plays were distinguished by the perfect baance
achieved between choral and dialogue speech; the metrical rhythms
are of the utmost importance and probably carry in them some
reminder of the original choric movements.

The place of performance, initially a large dancing floor (orches-
tra), was elaborated first with a dressing room and then by exten-
sion and decoration of the skene thus created on a scale great
enough to permit the use of revolving panels (periaktoi) bearing
pictures designed to identify the place of action and other ma
chines. Nevertheless, the Greek theatre was wholly emblematic,
employing men to impersonate women, using masks to concea the
fact that one actor was playing more than one part, and identify-
ing place by symbol. ,Moreover, in attempting any imaginative
reappraisal of a Greek play in performance, it must be remembered
that the auditorium seated 10.000-20,000 persons, al o whom
looked down on the orchestra and thus saw at one time the geo-
metrical patterns of the chorus dances and the magnificence o
the landscape beyond the skene.

Aristotle's notes on dramatic composition in the Poetics and a
list of prize-winning plays (Didascalia) written in the 4th century
B.c. provide much knowledge of the historical development of
drama in Greece and a careful appraisal of the theory of tragedy,
its function and composition. as practised up till his own day.
These notes were translated, summarized and commented upon in
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Latin in later centuries (see below) but did not circulate widely
in the west in the Greek original until late in the 16th century.

2. Rome.— The only plays that survive as a basis of an appre-
ciation of Roman theatrical tastes are the comedies of Plautus
and Terence (2nd century B.c.), the tragedies of Seneca (probably
written to be read, not acted) and a few fragments of pieces at-
tributed to Ennius, Pacuvius and Accius of the 3rd and 2nd cen-
turiesB.c. There is the related evidence of a great many theatre
buildings (most now in ruins) ranging from such small intimate
edifices as may be seen at Verulamium (St. Albans) in England, at
Taormina in Sicily or at Pompeii near Naples to such grandiose
monuments as the well-preserved examples at Orange in Provence
and Aspendus in Turkey (see THEATRES [STRUCTURES] ). As it
is Aristotle’s writings that furnish most knowledge o the history
and theory of drama in Greece, so it is Horace (epistle to the
Pisos. better known as Ars poetica, or " The Art of Poetry") who
gives some picture of what Romans expected o their theatre.
Documentation of theatre architecture and machinery, however,
is better than that surviving from Greece because o the preserva-
tion of Vitruvius’ De architectura (1st century B.c.) and Pollux’s
Onomasticon (2nd century A.p.).

The affinities between Greek new comedy and that of Plautus,
as wel as those present in the two styles of theatre building,
argue a marked continuity between Greek precedent and Roman
practice. On the other hand, the lack of any corpus o tragic
texts; the nomadic and comparatively professional quality of the
Roman actor’s status; the certainty of a raised stage in Roman
theatres, which was of more importance than the orchestra; the
usein theatres built during and after the 1st century A.n. of adrop
curtain with the development of scenic effects that the curtain
allowed; and the additional attention given to the comfort of
the audience—all indicate a positive Roman attitude to theatre
that was both mundane and commercially angled. This pictureis
reinforced by the knowledge that under imperial rule mime and
pantomime based upon actors' improvisations and acrobatics came
to dominate a theatre growing steadily more luxurious in its ap-
pearance and fittings at the expense o the dramatist. Mere
theatricality, exploited for the sake of display and for commercial
gain, was substituted for the former religious, moral and artistic
concerns o actors and audiences. With this change responsible
people came to regard the theatre as something unworthy of their
attention.

In republican days. Roman comedy at least still possessed writ-
ten texts and aimed at exposing vice and ridiculing folly in as
amusing a manner as possible. A noisy crowd in holiday mood
had to be silenced by the actors and its attention held against the
competition of rival sports and festival attractions. The success
o Plautus and Terence at least is demonstrated by the way in
which their plays have held the stage in revivals, translations
and remodelings up to the 20th century. Even radio and tele-
vision have deemed them worth revival in translation, Plautus'
Mostellaria, Miles Gloriosus and M enaechmi being among the most
successful.

With the alienation of the writers, however, and the steady in-
crease in purely spectacular extravagance and vulgarity it is easy
to understand why early Christians should have been as con-
temptuous o theatrical performances and as hostile to the pro-
fession of acting as their writings and actions show that they were.
The closing of the theatres in the 5th century ap. after the tri-
umph o Christianity within both eastern and western halves
of the Roman empire did not result from any particular antipathy
to regular drama; the early Christian Fathers within the empire
were opposed to a form of dramatic art so debased through com-
mercial exploitation as to have lost any relevance to the general
good o society. Outside the empire they had to contend with
dramatic rituals as yet too primitive to have acquired regular forms
but the closer on that account to the primitive religions that Chris-
tianity was seeking to suppress. The theatre of the ancient world
thus survived in fragments only like some river that has tempo-
rarily split itself into several channels: a selection of texts, a
variety o disused buildings (useful as quarries), some theoretical
treatises, and groups of itinerant mimics, singers and dancers exer-
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cising their talents illicitly wherever a patron or passer-by could
be found to look and listen, The barbarian invaders from the
north and east. possessing no regular drama of their own and
speaking languages other than Greek and Latin, could not supply
the initiative required to reunite these isolated components of
former dramatic and theatrical traditions.

B. CHRISTIAN REVIVAL

1 International Drama of the Medieval Church.— The
first steps toward reunification were taken spontaneously and un-
self-consciously in the christian liturgy; the festival o Easter
and celebration of Christ's resurrection provided the occasion; the
meeting of the three Marys with the angel at the empty tomb and
the angel's announcement o the resurrection to them was the
theme. This elementary dramatic performance involving mime,
dialogue and emblematic representation of person and place was
soon adapted and repeated in connection with the miraculous birth
celebrated at Christmas at the time of the winter solstice. In the
first instance both of these dramatic representations took place
within the ritual of the Mass and were enacted by the choir. The
initiative appears to have come from the duchy o Swabia in the
10th century, the text taking the form of a chanted Latin introit,
Quem quaeritis in sepulchro, O Christicolae? The great religious
houses of St. Gall (now in Switzerland). Limoges and Fleury
quickly elaborated these texts both musically and in the extension
of subject matter. though treatment of Christ's Passion is con-
spicuously absent. Dramatic representation spread to areas as
remote from one another as Dublin and Augsburg or Winchester
and Florence, and would seem to indicate that it was accepted as
part of the church's missionary and instructional activities. It is
not until the end of the 13th century that the Passion is treated
fully or that the vernacular is preferred to Latin.

During 300 years of dow elaboration in these liturgical music
plays, a code of symbols drawn from earlier liturgical practice and
chant came to be applied to the performance o these plays; the
code served as the basis for subsequent theatre practice in respect
o acting. costumes and setting. St. Ethelwold, as bishop o
Winchester. in his Concordia Regularis {c. 978) drew up a set of
rules for the acting o the Quem quaeritis ceremony in his diocese
governing gesture. vestments and means o suggesting locale.
(See E. K. Chambers. Mediaeval Stage, veol. ii.)

Similar information may be gleaned from the rubrics of service
books all over Europe, though a great many o these were de-
stroyed in the course o the Reformation. One o the fullest to
have survived is the French Festum Praesentationis Beatae Mariae
o Philippe de Méziéres (1372), from which the wholly ritualistic
and emblematic nature of these performances may easily be recon-
structed. This text along with all others d importance is printed
in Karl Young's The Drama of the Medieval Church. The gradual
extension of the subject matter treated in these religious playlets
led to an episodic narrative style with small regard to formality
in respect o time, place or action. Thus in every respect this
drama performed by priests for the enlightenment of worshipers
openly admitted the pretense implicit in the representation.

This very important characteristic, so different from the 20th-
century theatre practice which often uses every conceivable scien-
tific deviceto passdff the pretense as the actual, applied with equal
force to the vernacular adaptations of scripture in dramatic form
that began during the 14th century. Known in Italy as sacre
rappreseniazioni, in Spain as autos sacramentales, in France as
mystéres and in England as miracles or (post 1800) as mystery
plays (seeDrama: Medieval), these plays were centred on Christ's
Passion and were designed to stress the humanity as much as the
divinity of Christ. Thus. while preserving in field, market place
or town hall the same emblematic quality in performance as the
liturgical play of cathedral or church interior. the highly ritualistic
style of performance was relaxed to accord better with the secular
elements now preponderant in the narrative. Chant gave place
to speech church vestments were supplemented by contemporary
costume appropriate to peasant or secular official, and scenic ele-
ments, specially made for the performance. became more decora
tive. The high seriousness of purpose remained, but comic ele-
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ments, particularly in association with devilsand peasant characters
(e.g. Mak o the Wakefield second Shepherds' Play or Mrs. Noah
of the Chester Deluge), obtained a place in the plays, assisted
no doubt by the use of vernacular speech. The initiative for
these cyclic dramas, which grew long enough to occupy anything
from a day's duration (in York) to a week's (in London and
Mons), probably must be credited to mendicant friars. Plays of
similarly didactic and devotional purpose concerning the lives of
Christian saints and martyrs grew up simultaneously throughout
Christendom but of a more markedly national character, as deter-
mined by the particular story. Additional room for topical and
local subject matter was provided by the dramatic adaptation of
sermons depicting mankind's struggle to arrive before the judg-
ment seat at doomsday with an army of virtues rather than vices
to plead hisfate. Thiskind o play. religious in purpose but secu-
lar in virtually all externals, linked parable and symbol in dramatic
narrative to the symbolic manner of presentation derived from
the liturgical music plays.

Thus the way was opened in every European country for a
theatre as secular as that of antiquity but now consistently Chris-
tian in its ethos. In France the result mas seen in entremets and
soties; in Germany in the Fastnachtsspiel and (farther east) in
the Neidhartspiel; in Spain the sainete; in England in the "dis-
guising” (formerly mumming, latterly masque) and the interlude
(see INTERLUDES; MasQUE; MumMERs), All of these genres are
distinct, national, independent; yet at the same time each of them
is only an aspect, coloured by racial temperament, geography and
climate, of a spirit common to Christendom. These factors also
governed the conditions o performance, common practice being
more noticeable than particular variants. Performances were
closely linked to festivals of the Christian calendar, themselves
adapted from earlier folk festivals of the agricultural year-—
Christmas (winter solstice): Shrovetide, Easter and May day
(advent o spring) ; Ascension, Whitsun and Corpus Christi (sum-
mer solstice) ; St Michael, and All Saints (harvest thanksgiving
and autumn). Choice o a place o performance was governed by
the mutual convenience of actors and audience. churches. where
large enough; adjacent yards or cloisters where the churches were
too small: market places, quarries, even playing fields; town halls,
baronial halls. palace halls. The hierarchical stratification of me-
dieval society was strictly observed in the provision of "standings"
(and more rarely seats) and arrangements for the privacy and
sight lines of spectators. Stages and auditoriums were as occa-
sional as performances. with the notable exception of the " pageant
waggon™ stages used in the north of England that were carefully
stored away for future use. Most religious plays were performed,
as in Athens, by the local community for its own members. The
actors received wages but were not professionals. Female parts
were played by choirboys, though not invariably. The "wives of
this town™ presented the play of The Assumption of the Virgin in
Chester. The cost was underwritten by both church and town:
surviving expense accounts prove that the biggest single item was
the cost of scenic units and winch machinery for flying angels
and disappearing devils. Modern observers may be surprised at
the endurance of audiences ready to sit or stand all day for several
days watching these simple but dignified and profound plays; the
plays then had a rarity value augmented by long months of cor-
porate preparation and heightened by a sense of occasion, both
of which have been lost.

2. Medieval Minstrelsy and Pageantry. — An equally occa-
sional but more nearly professional theatre that aimed at social
recreation rather than religious edification grew up during the late
middle ages among minstrel troupes in princely courts and the
households of the lords spiritual and temporal. The troupe con-
sisted o jongleurs (“‘tregetoures”) who entertained with mime,
music and circus acts, and whose social status and way of life were
probably descended from those of the nomadic mimes of the
Roman theatre, it was led by the trouvére (™troubadour™), a
probable descendant of the Teutonic scép, who held the rank of
esquire and sang or recited chansons de geste. This theatre gave
expression to song dance and romance literature in mime for the
pleasure implicit in these things rather than for any devotional
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purpose. During the 15th century the troupe split into separate
groups of musicians and actors. While employed as household
servants and expected to perform for their master at calendar festi-
vals, they were allowed to travel, taking their costumes and stage
properties with them, and to perform for reward wherever their
leader could obtain entree. Weddings and other private cele-
brations provided the occasions for such performances. The plays.
compared with those of the religious stage, were short and often
the work of a poet of reputation. Masks were frequently used
and doubling of parts was invariable.

This association with aristocratic traditions and requirements
brought the nascent theatre of social recreation into close con-
tact with the codes for identifying person, rank and place devel-
oped in heraldry. Royal progresses. coronations, tournaments and
battle honours which were usually celebrated by elaborate civic
pageantry, provided a meeting point where the emblematic con-
ventions of heraldry and of Christian ritual could be fused to
the advantage of the actors and the painters and engineers who
embellished their stages. The characters of the pageant theatres
of city streets, in their persons and their speeches, contributed
to a similar amalgamation of scriptural, mythological and histori-
cal figures.

This was the theatre— religious in its inception. recreational in
ite later development— that in the 16th century joined hands with
the theatrical traditions of Greece and Rome; this was the theatre
that was destined by its associations with Roman Catholic faith
and ritual to become a principal target for Protestant reformers.

3. Renaissance, Reformation and Counter Reformation.
— Therevival of interest in al things. Greek and Roman, hastened
by the fall of Constantinople to the Turks (1453) and the inven-
tion of printing, affected every theatre in Europe either directly
or indirectly through Italian example. At first there was the
novelty of seeing in action plays that had not been performed for
more than 1,000 years; then there was the attempt to recreate
something of the conditions and atmosphere of the origina per-
formancesin Roman or Greek times; finally there was the adapta-
tion of both to fit changes in manners. language and technica
skills: the appeal of "modern dress" performances. Plautus'
M enaechmi was performed in Latin before Duke Ercole d’Este in
1486. and Terence's Phormio by St. Paul's choirboys before Cardi-
nal Wolsey at Hampton court in 1528. The reliance of Latin
comedy upon typed characters (master, parasite, young lovers,
braggart-coward, etc.) and upon plots of intrigue and situation
made it easy for 16th-century adaptersto do much the same in both
vernacular speech and contemporary idiom. Cardinal Bernardo da
Bibbiena's La Calandria in Italy, Rodrigo Cota's Celestznn in
Spain and Nicholas Udall's Ralph Roister Doister (c. 1553) in
England are examples of this adaptation. In tragedy, a Smilar re-
liance upon Latin example (Senecan closet drama) and upon Latin
adaptations of Aristotle (rather than the Greek original) provided
Renaissance revivalists with a picture of ancient drama in which
questions of form assumed a greater importance than those o
either content or purpose. Dramatic entertainments of this kind,
eagerly championed by pedantic scholars and deemed by their pa-
trons to be a proper adornment of a civilized household, were
accepted by the intelligentsia of Europe regardless of whether or
not they were likely to enjoy any popular support.

Had the divorce between the religious stage and the theatre
of pedagogic archaism been as complete in other European coun-
triesasit was in Italy (where the latter was largely pioneered).
there would have been no "golden age” of Lope de Vega, Cervantes
or Calderén in Spain and no .'Elizabethan theatre” in England,
for both English and Spanish theatres depended for their existence
on the triumph of popular common sense over academic rational-
ism and an extravagant addiction to spectacle for its own sake

In Italy, commedia erudita, comedy and tragedy imitating Ro-
man example, was played out within 100 years and became subject
to violent reactions in wholly unexpected directions: the begin-
ning of commedia dell’arte and pastoral-lyric drama, or "opera.”
The former was a revulsion against a restricting form and a reas-
sertion of the spirit of comedy stemming from that peasant stock
whose religious stage had been so rudely spurned in the late 15th
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century. Some of the outward farcical qualities of the commedia
erudita were taken over (e.g., scenarios, type characters), but
with the commedia dell’arte (i.e., of the profession) the change
is evident enough; improvisation was substituted for a fully
scripted text, the personality and skill of the actor were now
highlighted rather than the toil and erudition of the author, and
the appeal to a popular audience was restored. Tragedy of the
Senecan kind (e.g., Gian Giorgio Trissino's Sofonisba, written
about 1515 and first performed in 1562) was redeemed from suf-
focating boredom by the intermezzi, or interludes, between the five
formal acts; these were devoted to songs and dances with decors
designed by architect-painters of outstanding genius; e.g., Man-
tegna. Baldassare Peruzzi. Raphael. Leonardo da Vinci. These
intermezzi naturally grew in length and scale to a point where
they came to eclipse the more serious episodes of the perform-
ance The"satyr" play of Greco-Roman drama provided a classi-
ca source for the intermezzi, with their songs. dances and scenic
experiments, which were deemed. in the absence of evidence. to
have developed along pastoral lines from them. Torquato Tasso's
Aminta (1573) and Battista Guarini's Pastor Fido (1598) forged
thelink. In Italy itself the emphasis on song resulted in what is
now called opera; in France, dance took precedence, thus opening
the way to what was later known as ballet; in England, words,
song, dance and spectacle were developed in the perfect equipoise
of the Stuart masque; this genre. however, relied too greatly on
the occasion celebrated to survive without an autocratically ad-
ministered exchequer.

The scenic theatre. based on heavily subsidized study of Vitru-
vius and later on the commentaries on him (Sebastiano Serlio. An-
drea Palladio. Vincenzo Scamozzi, and Lorenzin Sabbatini were
the most influential), spread during the 17th century to France,
Austria, Germany. Scandinavia and also to Spain at the hands o
Italian exponents imported for the purpose. Inigo Jones's repu-
tation in English theatrical history, however, rests on his independ-
ent development of ideas picked up during periods of study in Italy
(1603-04 and 1611-13). The new Renaissance theatre modified
the classica theatre construction; the built-in perspective, though
till formal, made an attempt at versimilitude that led to a funda-
mental disharmony in the elements of presentation. The best
seats in the theatre were now determined by their view of the
scene. The froms scaena was remodeled to form a proscenium
arch concealing the elaborate scenic devices behind it, though
it was still regarded as part of the scenery backing the actors
rather than asa barrier dividing them from their audience. It was
symptomatic of this theatre that the architect-painter took pre-
cedence. at least in respect of production costs, over both dramatist
and actor.

That this prototype of ltalian origin was not followed either
simultaneously in time or uniformly in pattern elsewhere in Chris-
tendom was because of a combination o individual national fac-
tors and the varying international pressures of the Reformation
and Counter Reformation.

During the Reformation it wasinevitable that hostility to Catho-
lic Rome and what it stood for on the one hand and enthusiasm
for imperial Rome and what that represented on the other should
collide at many points, not least in the theatre. In Germany,
England and parts of the Low Countries and of France, Rome
was at once the throne of the muses and the seat of Antichrist,
the viewpoint depending on religious persuasion and academic
background. With religious drama already deeply entrenched in
popular esteem the theatre in these countries, however involun-
tarily, could not avoid becoming a contentious issue in domestic
politics. In Germany the stage was set to work early in the 16th
century as an active instrument of propaganda for the Reformed
church. This initiative passed quickly to England— Thomas
Kirchmayer's Pammachius (1538) was dedicated to Archbishop
Cranmer —while Thomas Cromwell employed John Bale (g.v.)
and others to write polemical interludes mocking the traditions
o the Roman Catholic religious stage: the pope, monks, friars,
transubstantiation. The plays were adapted from the traditional
miracles and moralities and quickly led to riots. Kett's rebellion
of 1549 was deemed to have grown out of a disturbance at a play
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in the Norfolk village of Wymondham. Tudor governments,
Protestant and Roman Catholic, from 1543 onward were forced
into taking legislative action against the theatre. Actors were
systematically placed under strict supervision and control; an in-
creasingly vigorous censorship was imposed on play texts in manu-
script and in print; places of performance were scrutinized and
made subject to licence. Under Elizabeth | the amateur religious
stage was systematically suppressed. the last miracle play to be
performed being that at Coventry in 1584. Under James | al
actors, plays and theatres were made subject to royal licence.

In 16th-century England neoclassical drama was not accepted
unquestioningly, partly because of its association with Rome and
with Latin. partly because topical debate proved far more
acceptable than intrigue to audiences, and partly because the na-
tion as a whole was thrown back on its own wits and resources in
the face of the mounting threat of foreign invasion. Relaxation
o tension followed swiftly upon the execution d Mary, queen of
Scois (1587) and the defeat of the Spanish Armada (1588), and
with it came a readmission of Italian ideas in art and education.
By then, however, a distinctly English style of secular theatre had
grown out of the ashes of the religious stage. 1t was distinguished
by its reliance on the symbolism derived from liturgical plays and
from heraldry; it owed its narrative to the miracle cycles and
saint plays, its emphasis on debate and parable to the morality
play and its professional character to the players o interludes.
The shape and size of its stages and auditoriums were influenced
by the animal-baiting arenas, the circular and rectangular tilting
yards. the square or rectangular halls and (probably) yards o
inns and by the rectangular town halls and guildhalls of provincial
towns. Professionally organized and relying on the financia sup-
port o commercial speculators and the protection of sovereign
and court officias. the theatre o Marlowe, Kyd, Shakespeare. Jon-
son. Dekker and Webster remained a popular theatre in touch
with its medieval heritage and self-confident enough to draw what
it wanted from neoclassical precept and no more. Public thea-
tres (Globe, Swan. Fortune, Hope. Red Bull, etc.). private thea-
tres (Blackfriars, Whitefriars, the Cockpit) and the court theatre
of the masque represent accurately enough a box-office depend-
erice on plays and performances reflecting past traditions, present
experiments and a prototype for the future.

Where the court masques mere largely the pride of amateur
participants, the public and private theatres, in the hands of
such shrewd and wealthy men of business as the Burbages (James
1530-97, Richard 1567-1619, Cuthbert 1566-1636), Philip Hens-
lowe (¢, 1550-1616) and his actor son-in-law Edward Alleyn
(1566-1626), were in al respects professional. This distinction
they achieved in the face of tough opposition from the more Cal-
vinistically minded reformers and capitalist merchants who ob-
jected to the absenteeism created by the popularity of stage per-
formances. These factions in society grew steadily more powerful
in Jacobean and Caroline times. banning actors from one provin-
cial city after another; the actors themselves. in concentrating
upon a metropolitan business. position at,court, coterie audiences
and extravagant spectacle, aided their enemies in cutting the bonds
of popular support. The closing of the theatres in 1642 at the
outbreak of the English Civil War represented as much a popular
revulsion against actors and plays, considered to be little more
than royal slaves and royal toys, asit did an act of puritan retribu-
tion against a relic of popery.

In Germany. France and Spain features of this pattern are re-
peated but with important differences of emphasis. In Germany
the initiative that adapted the traditions of the religious stage for
purposes of Protestant propaganda was strong enough to retard
the development of the neoclassical theatre even longer than in
England. Little direct Italiari influence is to be seen in German
plays or stagecraft (beyond the arbitrary act and scene divisions)
until late in the 16th century. The only outstanding theatrical
figure was Hans Sachs (1494-1576), who adapted a disused Cath-
olic church (the Marthakirche) in Niirnberg in 1550 as a theatre
for his own and other plays acted by a company of which he was
himself the leader. English traveling actors, by importing Eliza-
bethan plays and stage conventions, gave the Germans a taste of
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theatre that was professionally organized for purposes of social
recreation rather than for those of moral improvement and rein-
forced their native traditions. But this vitality was counterbal-
anced by the social upheaval of the Thirty Years' War, and the
sterility of the polemical commedia erudita of the Jesuit Counter
Reformation. Of attempts to combine popular Protestant drama
with neoclassical precepts only the plays of Andreas Gryphius
(1616--64) have attracted attention from posterity. Italian opera
with accompanying scenery made heavy inroads in court circles,
serving to establish a complete divorce between popular tradition
and aristocratic taste by the middle o the 17th century.

In Spain, by marked contrast, the impact of the Reformation
and Counter Reformation on the theatre was slight. The reason
was that the Inquisition, as reorganized under Torquemada (c.
1486), had taken care to purge the religious stage of those ele-
ments that in other countries laid it open to ridicule. Neoclassical
theatrical ideas thus developed alongside traditional popular plays
and stage convention, since authors were able to write for either
as inclination and occasion suggested. Since the feast of Corpus
Christi continued to be observed (it was abolished in England)
plays associated with the feast (autos sacramentales) continued
to be presented throughout the 16th century and after. Courtly
actor-playmakers similarly had opportunities of a far less inhibited
kind than in England, although less highly organized than in Italy,
to refine their craftsmanship by conscious imitation o Latin
authorsand to develop subject matter of an avowedly secular kind.
The playwrights Juan del Encina (1468-c. 1537) and Gil Vicente
(c. 1465-c. 1539) and the critic and theorist Bartolomé de Torres
Naharro (c. 1480-¢. 1530) provided between them the backbone
of this alternative to the popular (and largely amateur) religious
stage.

From this cult of entremes, comedias and tragedias the Spanish
theatre acquired as recognizably professional an outlook and sta-
tus as that o the English interludes, while from the popular re-
ligious stage it retained as distinctly rhetorical and emblematic
techniques of performance and presentation as those of' the Eliza-
bethan theatre. Market places and innyards on provincial cir-
cuits provided the actor-playwright Lope de Rueda (1510--65) with
his theatre building and it was a member of his company, A. de
Rojas, who in El Vieje entretenido gave « vivid picture of the
actor's life.  Under municipal control professional theatres
were provided in corrales (courtyards) administered by religious
and charitable institutions. These buildings slightly precede in
date those in England, but whereas in England such buildings were
limited to London, in Spain the practice spread quickly from Ma-
drid (c. 1560) to al large provincia cities. As in England. the
performers suggested improvements in the buildings they used
and these found their way into subsequent designs. Performances
took place in the afternoons and were accompanied by items of
song and dance corresponding to the Elizabethan jig. 4 roof pro-
jected over a raised stage; the wall from which the stage jutted
contained doors and windows; costume was contemporary dress
adorned with heraldic or other emblems o identification; traps and
flying machines were provided. This theatre was nearly akin in
national temperament and professional need to that of Elizabethan
and Jacobean England, and it produced dramatists of as outstand-
ing a quality in Cervantes. Lope de Vegaand Calderén, all of whom
exploited the narrative possibilities of their stage to the full. Ac-
tion, wide-ranging and fast-moving, was the hallmark of this
theatre of the siglo de oro (see Spanisu LITERATURE: Castilian
Literature) just as it wasin the English theatre. |t differed from
English practice, however) in the continuing liberty alowed to
plays based on biblical and theological subject matter; in the
work of Calderdén. for example, thereis to be found a perfect blend
of religious subject matter and symbolic presentation; the medie-
val theatrical tradition has been modernized in theology and liter-
ary style by the Counter Reformation and in stage convention by
the adaptation of neoclassical settings and machinery that was
wholly lacking in England. Where England contributed to the
German theatre through the repertoire of strolling players, Spain
contributed to France the vitality of its drama of character, situa-
tion and intrigue.
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Spanish influence, however, was particularly marked in the Low
Countries. governed by Spanish rulers through the first half of
the 16th century and in revolt against them during the second
half. The indigenous religious stage. with its notable morality
play Elckerlyc (Everyman, c. 1470) and the festivals o the
Rederijkers Kamers (chambers of rhetoric; see DctcH LITERA-
Ture), formed the basis of a theatre that might have been as
influential throughout Europe as Flemish painting had not condi-
tions of political and socia unrest disrupted its development and
made it subject in turn to the dominance of Spanish. Jewish and
French influence. The Schouwburg theatre, built in Amsterdam
by Jacob van Campen (1637), nevertheless provides the theatre
historian with as interesting a building as the Teatro Olimpico
at Vicenza (Palladio and Scamozzi. 1580-84).

Both illustrate the transition from medieval to classical styles
of theatre architecture; the Olimpico, as markedly advanced to-
ward the new style as was the Schouwburg (athough built so much
earlier in time), is noticeably dependent on the past. In these
two theatres and in Johannes de Witt’s drawing of the Swan theatre
in London (built c. 1594) may be seen three manifestations of neo-
classicism tempered by the pressures o the Reformation and
Counter Reformation that conveniently epitomize a whole period
of violent controversy and astonishingly varied achievement.

C. CrassicAL, BAROQUE AND RomaNnTIC REACTION

The French theatre followed Italian example in divorcing re-
ligious and popular drama from secular and recondite drama.
Sacred drama was forbidden by decree in 1548 to prevent its being
used by the Protestants to try to bring Roman Catholicism mnto
contempt.  Artists, unfortunately. cannot be created by decree
and in consequence the great French heritage of religious plays and
popular farces was followed by attempts to ape Italian academic
example. but in a manner even more dogmatic than the model.
The typical medieval mixture of joyous and sad, tragic and comic
found no sequel in the rigid theorizing of the scholar poets, o
whom Etienne Jodelle (1532-73), Robert Garnier (c. 1535-c.
1600) and Jacques Grévin (c. 1538-¢. 1570) enjoyed a limited
repute at the time. A taste for dancing and spectacle grew up
among court amateurs in France centred on the ballet de cours,
of mhich Le Bullet comique delareine of Balthazar de Beaujoyeulx
is the best-knonm example. Printed in 1582 it provides illustra-
tions of the scenic arrangements that were still traditional and in-
clude Circe's garden, a grove of trees and a large cloud. Early in
the 17th century Pierre Corneille encountered bitter criticism in
trying to bridge this gap between the unity of place demanded by
the theorists and the décor simultané of theatre practice. a gap
only made the wider by the conspicuous absence until 1595 d any
professional acting company other than the crippled Confrérie dela
Passion, who owned the Hatel de Bourgogne.

Not until political stability returned to France under Cardinal
Richelieu could a theatre as genuinely professional as that of Spain
or England return to Paris. Two theatres. the Hétel de Bourgogne
and the Marais, then began to develop on professional linesand in
keen competition, with tragedy, comedy and pastoral in the Italian
manner established as the only recognized dramatic genres It
was not until 1650, however, that Italian stage machinery was
coupled to performancesin public theatres' the occasion was Cor-
neille’s Androméde with settings by Giacamo Torelli |t was left
to Molikre and Racine to bring the French theatre, one in comedy
the other in tragedy, to a pre-eminence sufficient to eclipse that of
both England and Spain. and this despite perhaps the most vicious
sequence of literary intrigues and personal attacks the theatre has
ever known, Or at any rate recorded Moliére (1622-73), himself
an actor. and Racine (1639-99), acquainted from youth with thea-
tre practice and assisted by Moliére. enjoyed that same protection
of the sovereign and those near to him that had distinguished the
careers of Shakespeare, Ben Jonson, Philip Massinger and others
in England; together they brought to the theatre a degree d ob-
servation both of human foibles and of human passion and suf-
feringthat sufficed to give a genuine vitality to the revived classica
forms not attained before or since. Aided by two remarkable
musicians, Jean Baptiste Lully and Jean Philippe Rameau, the pas-
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toral form was also vigorously developed in France in the direc-
tions both of opera and of ballet.

The influence of Molikre and Racine, together with that of
Corneille. was felt everywhere in Europe and was synthesized for
Europe in Boileau's Art poétique (1660). Nowhere else. how-
ever, was their genius matched; only in England, and there only
in comedy, was anything written or staged that has maintained a
hold on posterity in terms of frequent adaptation and revival.
English tragedy modeled on the French, of which Sir William
Davenant and John Dryden were the twin advocates, degenerated,
as Italian tragedy had done, into operatic fantasy. Everywhere,
however, from Sweden in the north to Austria in the east the real
victor was the theatricality of the baroque spirit expressed in
stage settings and their illumination. Classicism triumphed mo-
mentarily in France, but it was the spectacular rather than the
literary quality of the revival that held Europe entranced through-
out the 18th century. Everywhere it was the designers and the
actors whose names counted with audiences rather than those of
the writers. The costume designs of Lodovico Burnacini (1636—
1707). the perspective settings o the Bibbiena family, which
between 1680 and 1780 were unchallenged for originality and ac-
tivity, and theatres like the opera house in Bayreuth define the
baroque spirit and its rococo sequel that spread outward from
dramatic representations to enhance the whole of aristocratic life.
Theatre worthy of the name became a courtly or at least a metro-
politan toy designed to kill time in a manner as costly as befitted
its aristocratic patrons. Popular theatre dwindled into fairground
improvisations and the meagre, eviscerated repertoires of strolling
players At both levels there were extensive exchanges, Gustavus
II1 of Sweden enjoying at Drottningholm in 1780 what Louis X1V
had initiated at Versailles a century earlier. Pierre de Chamblaine
de Marivaux in Paris enjoying closer affinities with Carlo Goldoni
in Venice or Richard Brinsley Sheridan in London than with
Moliére, and booth theatresin provincial streets holding audiences
with debased relics of Jonsonian "humour,” German farce and
Spanish intrigue grafted onto the improvised scenarios of com-
media dell’arte.

Reaction and revolution came not from left or right but from
the centre; i.e., from the bourgeois public denied a theatre for so
long by Puritan sentiment in England, by aristocratic privilege
in France, by war and socia unrest in the Low Countries and mid-
dle Europe. by stagnation in Spain and by feudalism in Russia and
Scandinavia. A spirit of satire and sentimentality, long smolder-
ing beneath the surface, began to make itself felt in England,
particularly in the work of Henry Fielding and George Lillo; simi-
lar romantic yearnings in Germany mere made voca by Lessing
and, in the following century. these tendencies were further ad-
vanced by the nationalistic and democratic fervour o Italians,
Norwegians and Russians. culminating in the work of Verdi, Ibsen
and Chekhov. Moreover, the political revolution that, country by
country. shattered the aristocratic fagade of European theatre was
accompanied by an industrial revolution of equal consequence to
stage architecture and convention.

The pastoral fantasies, countertenors, literary controversies
about the unities and restricted admission by privilege of birth
were o little or no interest to the merchant bourgeoisie of Europe
returning slowly to theatre or demanding theatres o their own.
They wished for action and narrative of a kind not seen on the
stage (outside Spain) for generations; an unwitting return was
made to the genuine beginnings of theatre in ancient Athens or
during the middle ages rather than to those beginnings mistakenly
judged to be represented by the Roman stage on which the whole
edificed neoclassicism had been built. These yearnings, however,
were not supported by any particular erudition and were in any
case quickly coloured with political vested interest and spectacu-
lar possibilities of the new stage devices. Aristocratic opera and
ballet were thus subjected in the early 19th century to popular
sentimentalizing. comedy o character, manners and wit; to a taste
for farce and tragedy; to an eagerness for violence and horror.

The cult o spectacle. however, so long a luxury for the
few and the corrupter of their theatre. did not disappear; it in-
creased and corrupted in turn the taste of the newcomers. The
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apotheosis of the changed theatrical style was melodrama

Melodrama is a difficult term to define since it embraced among
writers such distinguished men as Goethe. Victor Hugo and Push-
kin, reached its zenith in Germany and its nadir in England and
the United States and, having quitted the animate theatre via grand
opera and classical ballet, has perpetuated itself in motion picture
and in television serial. 1n one sense it represents the last despair-
ing heroic fling of the theatrical rhetoric inherited irom a pre-
Christian past; in another sense it has come to stand for al that
ismost sentimentalized and hypocritical in a Christian-rooted thea-
tre. What isclear isthat melodrama represents a watershed in the
history of European theatre; it was at once the last genuinely
theatrical form with an appeal strong enough to dram its support
from all ranks o society and the jumping-off point for that division
between the actor and his stage that characterized the subsequent
development of dramatic art in the west. Some actors, singers and
dancers chose to exploit the more hedonistic and less educated ele-
ment of the popular audience. With methods and organization
resembling that of the medieval minstrel troupes or Roman mimes,
they made what capital they could from their own personality and
special "acts!" but with the important difference that on the finan-
cial success of performances in public housesit became possible to
erect theatres for the purpose, thus giving a degree o urban regu-
larity to what had hitherto been the largely rural and nomadic oc-
cupations of the fairground. From the "music room" annex to
public bars sprang not only the professional circus but aso the
great provincial and metropolitan chains of theatres known in
Britain as music hall and in the United States and parts of Europe
as vaudeville and epitomized in England by the twice-nightly va-
riety shows managed by Sir Edward Moss and Sir Oswald Stoll
(see below).

Where stage plays were concerned, the popular section o the
audience derived amusement from parodies of classical theatre
forms (‘burlesque [g.v.]; extravaganza; burletta) and from the
spectacular sensations of shipwreck. forest fire and earthquake in-
termingled with violence and idealism supplied in the more elabo-
rate melodramas, of which R. C. A. de Pixérécourt in France
(1773-1844) was the pioneer and prime exponent. A similar cult
o individual personality developed within the more orthodox dra-
matic genres of the traditional theatre, finding its prime expression
in productions of Shakespeare's plays in England, in opera under
German and Italian leadership and in Russian ballet. Shakespear-
ean title roles gave the "star" actor his pre-eminence in his profes-
sion. while vocal virtuosity and powers of mimetic expression were
similarly emphasized in opera and ballet respectively. Paradoxi-
cally, the narrative and spectacular elements of libretto and set-
ting were also exploited for their own sake in a manner that made
all actors other than the star the virtual prisoners of an army of
technicians. The invention of gas lighting with the possibility
of blacking out the auditorium (c. 1823). subsequently improved in
both safety and flexibility by electric lighting. forced even the star
actor df his commanding "forestage" and incorporated him within
the stage picture as an adjustable item in the pictorial design. Be-
cause o the technical problems involved in manipulating these
animated landscapes with narrative coherence. the star actor was
gradually obliged to hand over his control o his fellow actors and
the scenery; both actors and scenery were now subject to control
by financial speculators and a neutral observer who. from the hum-
ble status of stage manager, came thus to be elevated to the dig-
nity of producer, régisseur or director. Further dignity and power
were added to his status as techniques o mechanical reproduction
in motion pictures, radio and television increased the ratio o engi-
neers and technicians to actors in any single dramatic perform-
ance, and as the star actors lost financial control to their manageria
partners, (See AcCTING. DIRECTION AND PrRoDUCTION : Direction.)

With the retirement of the actor df his forestage and into the
scenic picture, realism of an almost photographic kind became
a mnin object of production. Assisted by a developing interest
in historical and archaeological accuracy that was initiated by the
actor David Garrick (g.v.) in his costuming of Shakespeare's
plays and brought to its highest point by Sir Henry Irving (1838-
1905) (see IrviNG) and Sir Herbert Beerbohm Tree (g.z.) in the
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costumes and settings used in their productions, this realism in ex-
ternals demanded concessions from both dramatists and actors in
the written and spoken text. Both had to be scaled down if the
dichotomy between realistic sets and costumes and a rhetorical
text and delivery were not to appear ludicrous. The language of
poetry and a large measure of the virtuosity that had earlier dis-
tinguished the professional from the amateur actor were both vic-
tims of this sacrifice. Dramatists were forthcoming in France in
Victorien Sardou and Eugéne Scribe, in England in Thomas Rob-
ertson. in Germany in Gerhart Hauptmann. in Scandinavia in
Bjgrnstjerne Bjérnson, Strindberg and Ibsen and above all in
Russia in Chekhov, capable of making stage action and dialogue
look and sound as natural as everyday life. It was in Russia at
the Moscow Art Theatre that the first serious steps were taken by
the actor-producer Konstantin Stanislavski (¢.v.) to codify a style
of acting as appropriate or "natural™ as the verisimilitude of the
new plots. settings and dialogue demanded. The imitations that
followed, under George Bernard Shaw and Harley Granville-
Barker in England. under André Antoine and Jacques Copeau in
France and under Eugene O’Neill (g.v.), Lee Simonson and others
in the United States, together with the reaction against them, be-
long to the 20th century and to modern drama and theatre.

D. SUPPLEMENTARY ARTS

1. Opera.— Opera (g.v.) deserves consideration as a form of
theatre in which song and instrumental accompaniment are pre-
dominant. Much eastern theatre is operatic in that the dialogue
ismusical; so too was the liturgical drama of the medieval church,
as the recording of the Plays of Daniel made by the New York
Pro Musica quickly demonstrates.

Opera of the sort. however, that is generally accepted under
that name was introduced into Europe by the group of Florentine
patricians known as the Camerata (¢. 1597), whose object was to
intone the dialogue of tragedy in the manner they imagined it had
been recited in the theatres of ancient Greece. The result was
what is known as recitative, which, when linked to aria (song),
provided a text or libretto sung throughout to musical accompani-
ment. Thestory of Orpheus and Eurydice was provided with such
settings by J. Peri. G. Caccini and C. Monteverdi in quick succes-
sion between 1600 and 1607. The latter did for music-tragedy
what the painters of equal genius had done 50 years earlier for the
tragic scene. Opera, thusfirmly based on scenery, song and tragic
or pastoral themes. swept northward through Venice, where the
first public opera house was opened in 1637, to Vienna and Ger-
many. Then it swung in two great arcs northeast to Warsaw,
Stockholm and St. Petersburg and northwest to Copenhagen, Am-
sterdam. Brussels and London at the turn of the 17th century into
the 18th century. Paris and London enjoyed a brief creative pe-
riod of indigenous opera in the Italian manner between 1650 and
1700 dominated respectively by Jean Baptiste Lully and Henry
Purcell.

Comic themes were introduced from Naples early in the 18th
century, being developed irom between-the-acts of serious operain
the same way that tragic and pastoral opera had itself developed
out of the intermezzi to neoclassical tragedy. While Handel arid
Gluck dominated the serious operatic scene during the early and
middle parts of the 18th century respectively. these developments
reached their peak in Mozart’s compositions for the theatre toward
the close o the century.

The coincidence of political and industrial revolutions with the
bourgeois sentimentalism evident in melodrama brought about a
reaction toward romantic and historical plots; together with the
development of the orchestra these factors led directly to the ro-
mantic opera of Verdi (1813-1901) and Wagner (1813-83). The
outstanding theatrical features of all 19th-century operas are the
emphasis placed on melodic line and the reliance upon the vocal
range and power of the principal singers. These characteristics
were quite out of line with development in the regular theatre. as
signalized in the plays of Ibsen. who abandoned verse for prose.
and in the acting style o the Moscow Art Theatre under Stani-
slavski.

Reaction to the primarily tragic and serious effusions of Verdi
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and Wagner (grand opera) found its outlet in light, or comic,
opera. In England the light opera of W. S. Gilbert and Arthur
Sullivan. in Austria the waltz opera of Johann Strauss and Franz
Lehar and in France the opéra-bouffe of J. Offenbach (where reci-
tative was reduced to the barest minimum and unaccompanied
prose dialogue restored) opened the way to the operetta and mu-
sical comedy of the 20th century and perhaps the first distinctively
transatlantic form. the American "musical."”

2. Ballet.— A ballad, or ballet, in the 15th century formed an
item in the repertoire of the minstrel troupe that came to be en-
acted in mime; to this were added the embellishments of songs and
dances, the whole making up an evening's revels. During the 16th
century the poem became little more than a prologue to establish
the nature of the dances in masquerade. These developed as a
series of "entries" of disguised courtiers who. after dancing with
one another. took partners from among the spectators. Known in
Italy as maschera, in England as masque and in France as masca-
rade, the element of dance became predominant in France during
the 17th century. These ballets danced by amateurs reached their
climax at Versailles at the hands of Lully and Moliere. After being
taken over by professional dancers they were integrated with
Italian opera but could not develop further until fashion in dancers
costume allowed both greater freedom and precision of movement.
This change. initiated by Marie Anne de Camargo (1710-70), was
followed by attempts to link formal dances mith musically accom-
panied mime in the same way that one aria was linked to another
by recitative in opera. The innovator was J. G. Soverre (g.v.),
whose treatise Leftres sur la dunse et sur les bullets stimulated
public interest and discussion of ballet as an art form al over
Europe.

The objective was a re-creation of the sort of dancing deemed
to have graced the classical theatre of antiquity; but, being pur-
sued at a time when romantic forms were beginning to find pub-
lic favour at the expense of classical ones, ballet derived little more
from pseudoclassicism than the conventional ballerina's costume of
skintights surmounted by a short skirt of tiered muslin and the
so-called "classical” dance figures before being enveloped in the
mystical miasmas of fantasy and spectacle derived from Gothic
melodrama. Severtheless the combination of costume and dance
figures sufficed to re-establish the bodily skill. grace and expressive-
ness of the actor with force enough to attract to it the unsophisti-
cated folk dances of peasant communities who as yet had no other
theatre. Theimperial ballet of the Russian court was in the most
advantageous position for this assimilation: for in Russia. as a
comparatively undeveloped country of great geographical and
climatic variety, a wider range of peasant dances existed for ex-
ploitation than anywhere elsein Europe. A rapidly developing and
strongly nationalistic school of music. itself largely indebted to the
melodies and rhythms of folk music. provided Russian ballet with
creative impetus enough not only to surmount any danger d the
new art's dying as a result of suffocation from repetition and
stereotyped convention but also o revivify dancing in the west
(see BALLET).

3. Mime, Pantomime, Vaudeville and Music Hall.—Any
concept of a theatre other than that restricted to timber, bricks and
mortar depends for its existence on and develops around the per-
son of the actor. Moreover. any society that has once advanced
far enough to recognize the pleasure latent within the performer-
beholder relationship has never been able to dispense with it.
Thus although the peoples of the world have, from time to time
and from place to place, and for various reasons, either refused to
permit or failed to sustain an organized theatre, they have never
lost touch mith the rnimer who is able to entertain with no proper-
ties other than his own voice and person. Recognizing the tenuous
nature of his hold over his audience. the mimer has inevitably and
invariably relied upon the easiest means of provoking laughter—
verbal mockery and physical indignity.

Whatever society has prescribed to he sacred or illicit has
tempted comment from him by virtue of the power that any shock
possesses to attruct and hold attention. The barbed satire of social
criticism and the appeal of pathos. both demanding a high degree
of awareness and intelligencein their portrayal: augment the equip-
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ment of the more skilful and experienced mimer.

Throughout recorded history therefore the mimer, whether
known under Greek, Latin or vernacular names, has enjoyed the
abiding favour of the more oppressed sections of society and the
constant disapproval of those in authority, except at rare times
when that authority was too secure for any challenge to be re-
garded as a threat. hlarkets, fairgrounds, city streets at festival
times. village green and taverns have provided their perennial
auditoriums. At times they have organized membership, their
finances and their patrons well enough to originate a distinctive
style o theatrical performance warranting a label. The Xttelan
fairs of Roman Italy, the medieval minstrel troupe. the Feast af
Fools, the commedia dell’arte of Renaissance Europe, harlequin-
ades. English pantomime and music hall, extravaganza, burlesque.
revue, cabaret. American vaudeville and American burlesque (in-
cluding strip tease) are among the most notable forms. All have
been characterized by the lack of any regular script; the liberty
permitted to the actors to improvise their actions and extemporize
their dialogue as prompted by audience response; by the occa
sional interpolation of song and dance; by solo performances from
individual artists; and by the exploitation of spectacle for its own
sake in conjuring tricks. sexual allure. scenic machinery and. in the
case of pantomime, music hall and vaudeville. in luxury and glitter
of the auditorium. Blasphemy, obscenity and sensationalism, if
not invariable characteristics. have been near enough neighbours to
provoke constant reproof from councilors of church and state of
actors engaged in these activities. Bourgeois opinion has generally
aligned itself behind these dignitaries when faced with a choice
between advancing its own status in society and forsaking the en-
tertainments of the peasant, serf or manual labourer. While there-
fore it is on these entertainers that the theatre always relies in
times o crisis for its very survival and the renewal of its energy
(and must accordingly award them a place of honour and esteem),
it isupon them too that responsibility must be laid for the theatre's
reputation as a disreputable. frivolous, naughty. wicked or other-
wise undesirable element in society. (G.W.G. W)

IV. 20TH CENTURY

1 Asian Theatre.— The most flourishing theatre in Asiain the
early 1960s was the Chinese. Every town of size had several thea-
tres, and there were many hundreds of touring troupes. The tra-
ditional theatre prospered alongside the modern theatre. since the
Communist government, although it suppressed much that was
traditional in other forms of Chinese culture. allowed the im-
mensely popular classical opera to survive: forbidding performance
of only a few operas on political and moral grounds. The history
of the modern theatre in China dates from 1907, when the first
western plays were performed. " The talking drama," so called to
distinguish it from the classical opera, was at first attacked by the
universities opposed to the translation of playsinto the vernacular.
paihua, instead of the formal antique language of literature. In
1919 the "literary revolution™ of the students won officia recog-
nition for paikua as the language for the translation of modern
works, As western plays became more numerous. a number of
theatres adopted western methods of staging and Chinese play-
wrights began to write plays in the realistic manner dealing with
contemporary problems. Actresses. banned from the theatre in the
18th century, were allowed to return in 1912 after the establish-
ment of the republic. but only in all-women troupes, in which the
actresses played the male parts. In the 1920s they were admitted
to the ordinary companies. By this time the status of the actor
was very different from what it had been at the beginning of the
century when he was regarded as belonging to the very lowest so-
cial class. The change was largely because of Mei Lan-fang, 20th-
century Chinas greatest actor. and also a considerable scholar
and a-man o infinite grace and charm. The Chinese theatre in
the early 1960s relied mainly on its own playwrights though a
number of Russian plays were performed. Western plays were
comparatively few as they were only allowed when they com-
pletely accorded with the views of the government.

In Japan the modern theatre movement began in 1924. when the
Tsukiji Little theatre opened in Tokyo. This was the first Japa-
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nese theatre modeled on the realistic theatre of the west. Its
founder, Hijikata Y oshi, had studied with the Moscow Art Theatre
and had also become a convert to Communism. Four years later
a kabuki actor, Ichiawa Chojuro, who had been playing in the
U.S.S.R. with his troupe, left the kabuki to form the Progressive
theatre, a community theatre on the Russian model. It included
both kabuki and modern plays in its repertoire. In the middle
1930s the government decided that it could no longer tolerate the
political propaganda of these two theatres. so the Little theatre was
closed; Hijikata settled in Russia and the Progressive theatre con-
fined itself to classical kabuki. But under the post-World wWar 11
occupation the Progressive theatre returned to its origina policy,
producing a number of Russian plays, and Hijikata came back to
work in Japan. By the 1960s the Japanese theatre had long out-
grown its Communist beginnings, but as a result of its origins a
great many of its plays dealt with socid problems. The variety
of western plays given in the Japanese theatre was proof o its
tolerance and interest in many conflicting ideas. Playwriting was
increasing in the early 1960s, and with it Japan's theatrical im-
portance in world drama.

The immense diversity of the 20th-century Indian theatre was
exemplified by the annual drama festival in New Delhi, started
in 1954, at which some 15 different languages and cultures were
represented. The most influential theatre in India was the Prithvi
because it played in Hindi, the national language of India. and thus
reached a far larger audience than, for instance, the Benga and
Maharashtra theatres, which could be understood only in their
own provinces. The Prithvi theatre was founded in 1943 by
Prithviraj, famous throughout India as a film star. Its tours
extended from Calcutta in the east to Saurashtra in the west, from
Kashmir in the north to Dhanushkhuti Raneshwaram in the south.
The plays in the repertoire mostly dealt with contemporary life
and reflected Prithviraj’s political and religious views. Most d the
comparatively small amount o professiona acting in India was
concentrated in Calcutta. which had a number of modern theatre
buildings as well as a prosperous motion-picture industry; asa con-
sequence, actors were able to work in both mediums, In Bombay
was India's most modern-minded theatre, called Theatre Cnit,
founded in the middle 1940s by Alkazi, a young actor and director
trained in London at the Royal Academy d Dramatic Art. The
company performed in English but nevertheless was essentialy an
Indian theatre catering for an Indian public. An instance d the
combining of the traditional folk and dance drama with modern
theatre was Sundari's Gujerati theatre, which had its headquarters
in Bombay. The plays dealt with political and socia themes and
particularly with the emancipation of women. In south India the
first modern theatre was founded in the early 1930s by Raja-
manickam. The choice of play was strongly influenced by the
founder's deep religious convictions. Besides playing in its own
theatre in Madras the company, more than a hundred strong in the
1960s. toured extensively, visiting other provinces to play to the
Tamil communities. The Indian Nationa theatre in Bombay.
founded as a worker's theatre to take the drama to the farms and
the factories, by the 1960s had branchesin al the big Indian cities.
The actors were mostly amateur! but more and more amateurs
turned professional and it seemed likely that India would have
a considerable number of professional companies when Hindi.
compulsory in every school in India, became the common lan-
guage.

Outside India. Japan and China, there was hardly any modern
theatrein Asia. In countries such as Ceylon, Burma, Malaya and
Indonesia, the highly developed forms of dance drama were so
popular that there was little urge to found a modern theatre. Only
in the Philippine Islands were there signs o a modern theatre de-
veloping from the efforts of enthusiastic amateur groups such as
the Philippine National theatre and the Manila Theatre guild.

2. Great Britain: Direction and Development. —During the
19th century the English theatre was ruled by the actor-managers
who directed their own productions with their permanent com-
panies, invariably playing the leading parts themselves. At the
beginning of the 20th century their authority began to be chal-
lenged by the new independent directors who rarely acted in their
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own productions. Thefirst of these to establish himself firmly in
the theatre was Dion Boucicault, who from 1901 to 1915, under
the management of Charles Frohman, directed all the plays pre-
sented at the Duke of Tork's theatre. An autocratic director,
he acted all the parts himself to the cast, who had to copy him
down to the minutest detail. A director with an entirely different
method was Harley Granville-Barker (g.v.), who from 1904 to
1907. in partnership with John E. Vedrenne, directed a series of
plays for short runsat the Royal Court theatre. The venture was
founded as a protest against the stagey artificial style of acting in
the English theatre at that time. At first he was accused o teach-
ing his actors "not to act™ because he trained them to avoid over-
exaggeration, to behave as normal human beings. He taught his
actors to create a part by identifying themselves so completely
with the character that gesture, movement and facial expression
were the natural expression of the character's thoughts and feei-
ings. At atimewhen actors had no hesitation in sacrificing charac-
ter for the sake of aflamboyant theatrical effect. Granville-Barker
laboured with endless patience to make the characters in a play
"seem to live and move by the laws of their own being." He soon
gathered round him a group of new writers hitherto uninterested in
writing for the theatre because of its artificiality. Bernard Shaw
alone among the authors whose plays Granville-Barker directed
disliked his methods. Shaw disliked naturalism; he wanted the
actorsin his plays "to pull out al their stops and declaim”—which
was precisely what Granville-Barker was teaching his actors to
avoid. He was at his best as a director with the plays of Gerhart
Hauptmann, Ibsen and John Galsworthy.

Granville-Barker did not limit himself to the direction of nat-
uralistic plays; his three Shakespearean productions given at the
Savoy (1912-14) revolutionized the Shakespearean theatrein Eng-
land. Asayoung man he had acted in William Poel's productions
for the Elizabethan Stage society. From Poel he had learned how
much the full effect of a Shakespeare play depends on unbroken
continuity from scene to scene, though contemporary actor-
managers with their elaborately spectacular productions kept halt-
ing the play to give time for elaborate changes of scenery. Instead
of realistic scenery Granville-Barker used stylized, decorative
backgrounds. He speeded up the plays not only by avoiding waits
for scene changes but also by teaching his actors to speak the verse
swiftly though without gabbling. To audiences and critics accus-
tomed to the slow and ponderous declamation of the Shakespear-
ean actors at that time it seemed a breakneck speed.

In 1920 Granville-Barker retired from the theatre but the subtle
and exact kind of realistic production, purged of all theatrical
clichés, was continued and developed by both Gerald Du Maurier
and Basil Dean. Before World War | Dean had worked under
Annie Horniman at the Gaiety theatre. Manchester. where she had
been insisting on the same sort of naturalism that was practised
first at the Royal Court theatre; like Granville-Barker she too had
gathered around her a new school of playwrights including St.
John Ervine, Stanley Houghton and Harold Brighouse. At the St.
Martin’s theatre Dean trained a young company to give an exact
interpretation of the external characteristics of their partsinstead
of encouraging them to use their imaginations as Granville-Barker
did, but the result was acting that had extraordinary clarity, sharp-
ness and precision. In his method of directing Dean continued the
dictatorial methods of Boucicault. Du Maurier, on the other hand,
directed with a deceptive casualness, which. like his own acting,
concealed a very highly developed naturalistic technique. Both
asan actor and as a director he had a bad influence on English act-
ing because his imitators, lacking his technical skill, achieved only
underplaying and inaudibility in their attempts to emulate the
extraordinary quiet ease of Du Maurier's natural ness.

A foreign director who refreshed English acting and direction
was Theodore Komisarjevsky. uho in 1919 went to England from
Russia, where he had been director of the Imperial and State
Theatres. Under his direction of a series of plays by Chekhov
and other Russian authors the acting achieved a sensitiveness and
an inner realism that set a new standard in the English theatre.
His Shakespearean productions at Stratford-upon-Avon startled
and often infuriated audiences accustomed to seeing there the con-
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ventional presentation of the plays. His productions were full of
invention. sometimes brilliant. amusing and illuminating, some-
times merely wayward. He must be blamed for starting the “let’s-
be-different-at-all-costs™ style of Shakespearean production that is
still all too prevalent in the English theatre.

I n the same tradition. Sir Tyrone Guthrie, a great director with
a superb theatrical imagination, beginning in the 1930s. enforced
the point of a line with a revealing stroke of "business" or
brought small parts vividly to life by imaginative touches of
detail, heightening the effect of everything that happened on the
stage by his gift of pictorial composition and swirling movement.
But sometimes his inventiveness was used merely to surprise and
shock the audience or to satisfy his own sense of humour. An-
other fine Shakespearean producer in the English theatre at mid-
20th century was Peter Brook with his superb productions of
Measure for Measure, Timon of Athens and The Winter's Tae.
His work also included brilliant interpretations of a number of
French authors.

In the late 1950s the director who most powerfully influenced
the English theatre was Joan Littlewood. For many years she
had worked with her own company at Stratford East, on the out-
skirts of London, without causing any particular stir. When her
productions were transferred to the West End, however. audiences
responded immediately to her tremendously vigorous productions
of "low-life" plays directed in the style that owed a great dea to
Bertolt Brecht (¢ ».) and the traditions of the English music hall.
The actors often addressed the audience direct, freeing themselves
from the confines of the play. The productions were fast, noisy.
broadly humorous and brimful of vitality and often. at the same
time. managed to convey a considerable subtlety of characteriza-
tion.

In thelate 1950s and early 1960s the most experimental theatre
was the Royal Court under George Devine. |t gave opportunities
to an extraordinary number of new writers, new directors and new
designers. Rut lacking a permanent company, at the beginning of
the 1960s. the young directors were not able to evolve a style
of production sufficiently individual to influence the theatre as a
whole In London there was no permanent company apart from
the opera and ballet companies; even the Old Vic engaged its
actors on comparatively short contracts. It was to remedy the
lack of a permanent company with a recognizable style that Peter
Hall, the director of the Royal Shakespeare theatre at Stratford-
upon-Avon, in 1960 engaged a company on long-term contracts to
play both at Stratford-upon-Avon and in London at the Aldwych
theatre, presenting modern plays as well as plays by Shakespeare
and other classics. In the provinces there were many repertory
companies where the players remained comparatively unchanged
for two or three years, but as most of them did a new play every
week they had no time to experiment From the very few reper-
tory companies that ran their plays longer and had longer to re-
hearse. an occasional production came to London; but probably
the most experimental and influential was the Birmingham Reper-
tory. which. under the direction of Sir Barry Jackson, between
World Wars | and IT brought many of its productions to London,
including the first modern-dress Hamlet and the first production
of Shaw’s Back to Methuselak in its entirety.

Provincial and Repertory Theatre.— In the English provinces,
the theatre divides into touring theatres and repertory theatres
The touring theatres are visited by London companies either be-
fore or after they have played in London. and also by companies
specially engaged to tour a London success in the provinces A
play on tour seldom remains at any of these theatres for more
than a week, but in the larger cities a big musical production
sometimes stays up to six weeks. At Christmas nearly all these
theatres stage an elaborate Christmas pantomime, a form d en-
tertainment peculiar to England and so popular that the run often
extends far past Christmas, sometimes lasting for three or four
months In the early 1920s there were more than 250 touring
theatres in England and Scotland. Many towns had several such
theatres, besides at least one music hall. By 1960 the number
of touring theatres housing straight plays had dwindled to less than
30. Many had been unable to survive the competition of motion
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pictures; others were destroyed during World War II; and after
the war television proved the deadliest rival of all.

The provincia repertory theatres have withstood the competi-
tion of other forms of entertainment more successfully than the
touring theatres. These so-called repertory theatres have no real
right to the title, because they are not repertory theatres in the
true sense of the word. Although they maintain permanent com-
panies they do not keep a repertoire of plays ready for production
asis the practice in the continental repertoire theatres, which give
performances of several plays from their repertoire in the course
of a week. The English repertory theatres put on a play for a
short continuous run and then the production is scrapped. Most
of these theatres run each production for only a week, some for a
fortnight, while a few in the big cities perform their plays for
three weeks or a month. Producing a play a week for the greater
part o the year obviously means that these weekly repertory com-
panies are always working against time; nevertheless the standard
is often surprisingly good, especially when the company is so or-
ganized that the leading players can appear in minor roles for a
week or two when they have a major part ahead of them.

Most of the playersin the London theatre gained their early ex-
perience in the provincial repertory theatres, starting in "weekly
rep” and graduating to the repertories that are able to give two
or three weeks to rehearsals because their productions run for
more than a week. The London theatre owes much to the reper-
tory theatres not only because they supply it with actors who have
been accustomed to playing a wide variety of roles but also be-
cause many London successes were first produced by the repertory
theatres.

The first repertory theatre in Great Britain was founded by
Annie Horniman (q.v.) at the Gaiety theatre, Manchester, in 1907.
It introduced to England the work of a number of important con-
tinental dramatists and also gave opportunities to a number o
promising local playwrights who became known as "the Man-
chester school.” In 1921 it closed through lack o support and
became a cinema. The oldest existing repertory theatre is the
Playhouse at Liverpool, which opened in 1911. The one with the
most distinguished record is the Birmingham Repertory, founded
by Sir Barry Jackson in 1913. Among many other leading reper-
tory theatres are those at Nottingham. Bristol, Sheffield, Glasgow,
Windsor, Worthing, Salisbury, Oxford, Leatherhead, Coventry,
Colchester and Richmond.

There are approximately 50 repertory theatres in Britain that
play al the year round (except for a summer vacation of a few
weeks), but there are nearly 30 more at the holiday resorts that
open only during the summer months.

The National Theatre.— In 1949 the British parliament passed
the National Theatre act empowering the treasury to make a grant
o £1,000,000 to build a National theatre. Two years later the
gueen mother laid the foundation stone on a site on the south bank
o the Thames overlooking the river, donated by the London
County council. Successive governments continued to put off the
building of the theatre on the grounds that there were many other
buildings more urgently required. It was not until 1962 that the
treasury at last agreed to release the £1,000,000.

3. US.S.R—The history of modern theatre in Russia began
with the founding of the Moscow Art Theatre (g.z.) in 1898 by
Konstantin Stanislavski and Vladimir Nemirovich-Danchenko.
For the previous 12 years Stanislavski had worked with a com-
pany of amateursand it was the best of these, turned professional,
who formed the nucleus of the Moscow Art Theatre company.
When Stanislavski began his work the Russian theatre mas one of
the most backward in Europe; acting consisted mainly in selecting
from a stock of theatrical clichés whatever seemed most appro-
priate to the moment; little time was spent in rehearsal. The
plays. mostly French comedies and farces, or Russian imitations
o them, were so stereotyped that the same performances and the
same sets could. with a few slight variations, be used time after
time. The first three productions at the Moscow Art Theatre,
which opened in 1898. caused no particular stir. |t was the pro-
duction of Chekhov’s 7T%e Seagull that established the theatre and
Stanislavski’s reputation. The quietness, intimacy and complete
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naturalness of the playing was something entirely ne .

While Stanislavski continued in production after production to
develop his infinitely detailed method o direction. the antirealist
movement initiated by the Symbolists and Surrealists spread to
Russia. where the Art Theatre was an obvious target. These criti-
cisms came at a time when Stanislavski himself was beginning
to feel that having perfected his realistic method of production
he must seek new paths. In 1905 he founded a small studio the-
atre for experiment and research, appointing Vsevolod Meyerhold
(g.v.) asitsdirector. Meyerhold had been a member of the Mos-
cow Art Theatre company but had left it three years previously
when he became a convert to the Symbolist movement. When,
after many months of preparation. Meyerhold staged two produc-
tions. Stanislavski disliked them so intensely that he closed the
studio. He felt that the actors had been used merely as puppets
to illustrate Meyerhold’s theories. Y et these two productions had
an important effect on him as a demonstration of the abject and
slavish obedience to which the dictatorial producer could reduce
his actors. He determined that henceforth the actor should be his
collaborator instead of his subordinate and he began to develop
the method of “inner realism" that came to be knomn as the
Stanislavski method and was still the basis o the training o all
the actors in the Russian theatre in the early 1960s.

After the 1917 Revolution Stanislavski refused to allow his the-
atre to become a platform for spreading propaganda. He believed
that the mission of the Art Theatre was to maintain a standard of
acting that actors in the other theatres might attempt to emulate
when the first excesses of the Revolution had abated. The official
edict decreed that everything— characterization. ideas. emotions—
should be reduced to the simplest possible terms for the sake of
the new audiences, many of them completely illiterate. This
amounted to a command to the actors to overact, to abandon all
subtleties of characterization and fedling. to return to the old,
crude. melodramatic style of acting. 4s some of Stanislavski's
own company were being influenced by the enthusiasm with which
the new audience in the Soviet theatre acclaimed overacting, he
decided to take his company out of Russia: so in 1922 he left on a
tour of Europe and America that lasted for two years. On his
return he decided that the Moscow Art Theatre must to some ex-
tent adapt itself to suit the mentality d the new audiences. He
began to produce in bold, sweeping strokes, stressing whatever
was dramatic in the play and enlivening the comic scenes with
tricks borrowed from vaudeville. There were no haf tones, no
subtleties. but none of the crudities and exaggerations d the
Soviet theatre of that time.

Meanwhile, hfeyerhold had become one of the most powerful
influences in the Russian theatre. He declared that the principles
of the propagandist theatre conform with those d Marxism be-
cause they attempt to underline " the elements which make promi-
nent what is common to all men, the unindividual." The detailed
and subtle portrayal o emotions was described as “worthless soul
junk™ and the actor was ordered to "forget his little rickety ego"
and become "an instrument for social manifestos." There were
many other producers who. educated to despise an individualistic
society, exercised every kind of ingenuity to deprive the actors of
their individuality. Aleksander Tairov made his actors wear fan-
tastically exaggerated make-ups to ensure that they would not
resemble anyone in real life and thus become individuals in the
eyes of the audience. It was Tairov who invented the "con-
structivist” setting, a gaunt scaffolding supporting a few bare plat-
forms on different levels, with every strut and bolt ostentatiously
exposed to view. The aggressive functionalism of this kind of
setting was regarded as having considerable propaganda value at
a time when the Russians mere being taught to revere the machine
as part o their training to become one o the great industrial
nations of the world.

A more moderate director in the postrevolutionary theatre was
Evgheny Vakhtangov, a pupil of Stanislavski. In 1914 he had
been put in charge of one of the studios attached to the theatre
and in 1920 he was appointed director of this subsidiary d the
Art Theatre. renamed the Third Studio. But Yakhtangov was not
altogether in accord with the quiet, everyday naturalness d the

Art Theatre. His natural exuberance impelled him toward a style
of production that. while avoiding the extreme stylization and un-
realism of Meyerhold and Tairov. would. nevertheless. enlarge,
heighten and sharpen character. emotion and gesture. He wanted
to work in vivid colours instead of the half tones of the Art The-
atre. In place of Stanislavski's inner realism he wanted what he
called "outer-technique."” He found the ideal actors for his pur-
pose when Stanislavski put him in charge of a group of Jewish
players who in 1917 had formed themselves into a company for
the production of plays in Hebrew. Calling themselves the
Habima Players they later became affiliated with the Art Theatre.
Vakhtangov’s masterpiece was his production of 7%e Dybbuk in
1922. It was his last production; he died a few months later
at the age of 39. but for many years afterward the Habima Play-
ers included his production o The Dybbuk in their tours of
Europe and America so that it became, outside Russia, the best
knomn of Soviet productions. In 1931 the Habima permanently
settled in Palestine and in 1945 opened their own theatre in Tel
Aviv (see HaBima THEATRE).

The youngest of the postrevolutionary directors was Nikolai
Okhlopkov, born in 1900. His earliest productions were entertain-
ments given in World War | on an improvised platform set up in
the middle of the square of his home town to entertain the troops,
who encircled the stage on all sides. Asa result of his experience
of the open stage he found the proscenium theatre cramping and
in Moscow experimented with ways of breaking down the barrier
between actor and audience. In 1932 he became director of the
Realistic theatre. where for his production of 7'%e¢ Iron Flood he
converted the whole auditorium into a rocky. mountainous ter-
rain. seating the audience among the rocks so that the actors, play-
ing scenes in every part of the auditorium, were mingled with the
audience. He made many other experiments in other kinds of
staging but in 1938 the Realistic theatre was closed on the grounds
that his work appealed too exclusively to specialists and intellec-
tuals. By this time, under Stalinism, the experimentalism that
in the 1920s had made the Russian theatre the most exciting in the
world had come to an end. Four years previously Meyerhold,
officialy censured for his "obsession with the vague abstractions
of decadent art™ and for being "the father of formalism.” had
been deprived of his position. Tairov. rebuked for being out of
touch with his audiences. had been relieved of the direction of the
Kamerny theatre. In the cases of Meyerhold and Tairov it is
certainly true that their work was too cold and abstract to please
audiences who wanted warmth and humanity and reality. But
under Stalinism the theatre virtually ceased to progress since any
sign of originality, any deviation from the normal, was at once
condemned as decadent. The scenery became more and more la-
boriously realistic as any setting that was in any way impression-
istic was apt to be condemned as belonging to abstract art. Only
the magnificent standard of acting in the Russian theatres re-
mained unchanged.

After Stalin’s death the theatre was relieved of many of its
shackles and there was a cautious return to experiment, particu-
larly at the Satire theatre. Okhlopkov, the only survivor of the
group of experimentalist producers who dominated the theatre in
the 1920s. remained the most original and stimulating director,
though there were times under the Stalinist regime when his
originality displeased the authorities and he was criticized for hav-
ing too unruly an imagination.

In the early 1960s the Russian theatre was perhaps seen at its
best in its productions of the classic Russian authors, directed
with meticulous care and exactitude and reproducing. with extraor-
dinary verisimilitude and no longer with any satiric intention. the
manners and customs and ways of life of the tsarist days. The
unique feature o the Russian theatre was its gigantic scale—the
vast number of theatres. the fact that there were companies playing
in more than 50 different languages. the size of the companies
(100 actors was not unusual). the size of the repertoire of every
theatre. the huge and superbly equipped stages showing a succes-
sion of elaborate scenes. the size of the theatregoing audience
and the vast sums of money spent on the theatres by the govern-
ment so that they need make no attempt to pay their way and
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could keep their prices reasonably low. The professional theatre
could not wholly satisfy the demand for dramatic entertainment
and every encouragement was given to the amateur to supplement
the work of the professional. Most theatres accepted responsi-
bility for at least one amateur group, the members of the company
giving much o their spare time to training and advising the group.
Amateur companies of outstanding merit were given the title of
"people's theatre." Most of these companies were based on the
palaces of culture and toured the neighbouring towns as well as
playing in the factories and the collective farms. The close re-
lations between the professional and the amateur were mutually
beneficial because the professionals found that contact with the
everyday people who were the personnel of the amateur groups in-
fused freshness and reality into their own performances.

4. Germany.— Thecharacter of the German theatre was en-
tirely changed during the early years of the 20th century by the
work of Max Reinhardt (g.v.). When in 1903 he gave up acting
to concentrate upon direction, the German theatre was an educa-
tional institution rather than a place of entertainment; producers
of the classics had to be scrupulously faithful to long-cherished
traditions and conventions. The slightest deviation aroused the
wrath of the critics. most of them university professors. Rein-
hardt, who lived his early life not in Germany but in Vienna,
had a love o colour and gaiety, richness and display, and it was
these qualitiesthat he brought to his productions. He wasfiercely
attacked not only by the traditionalists but also by the new
school of German realists. What they particularly disliked about
his work was its unashamed theatricality, a quality that they
scrupulously avoided in their own low-toned productions. One
of Reinhardt's greatest services to the German theatre was that he
restored to it its theatricality — but a theatricality purged of stagi-
ness. In doing so he revolutionized German acting. In his pro-
ductions of modern plays he taught his actors a style that was
realistic in feeling but avoided the drab, painstaking exactness of
the realist school; it was warm, vivid and colourful. always alittle
larger than life. In his productions of the classics he demanded
lively, supple speaking in place of the slow, ponderous delivery
of the traditionalists. He made his actors think afresh about the
charactersinstead of dutifully assuming ready-made characteriza-
tions. When in 1906 Reinhardt opened his Kleines Theater in
Berlin. he initiated a movement that grew steadily throughout the
20th century. Itsaim was to break down the separation of stage
and auditorium and to restore the old intimacy between actor
and audience Reinhardt. in his endeavours to rescue the players
from their isolation behind the proscenium arch. often took them
out of the theatre to play in places that in those days seemed odd
and eccentric settings for a theatrical entertainment— a square in
Venice. a palace ballroom in Vienna, the Boboli gardens in Flor-
ence and the Domplatz and inside the cathedral itself in Salzburg.
He produced Cedi pus ReX in a circus arena with one end used for
gigantic architectural settings unframed by any kind of prosce-
nium. For his production of 7%e Miracle in London in 1911 he
transformed the huge Olympia exhibition building into a cathedral
so that the audience became part of the congregation. But
although Reinhardt was a master of spectacle, his versatility was
such that with equal skill he directed subtle and intimate plays
in small theatres. From the early years o the century up to the
outbreak o World War | his personality completely dominated
the German stage; nearly all the young directors and actors had
either worked in one of his companies or had been trained in one
of his schools.

Immediately after World War | two of his disciples, Leopold
Jessner and Erwin Piscator, became the dominant figures d the
German theatre. Their Expressionist style of direction was partly
evolved because of the desperate shortage in postwar Germany o
material for building scenery. In their antirealistic productions.
actors on the bare, darkened stage were picked out by shafts of
light against a black background; if there was any scenery at ail,
it mas limited to one or two small pieces, symbolic rather than
realistic. Stylization in staging inevitably led to a stylized method
of acting. which in turn demanded stylized writing, and it was thus
that the short-lived German school of Expressionist drama was
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created. Characters in the plays became symbols instead of peo-
ple. Theirlineswere stripped of al but the key words and phrases,
s0 that the dialogue resembled the staccato wording of a telegram.
Later, in the 1920s, when steel. timber and other material became
more plentiful in Germany. Piscator directed a series of Expres-
sionist productions in which he used elaborate and expensive ma-
chinery. The front of his stage was constructed on the principle
o the conveyor belt; in the centre of the stage a cantilever bridge
moved up and down; lantern slides and motion-picture films were
projected onto the back wall; above the proscenium Communist
dogans blazed in lights; the gigantic shadows of pulsating ma-
chines were thrown onto gauzes. Jessner, too. made exuberant use
o the lifting of the restrictions on the use of building materials
in theatres. His favourite form o setting was a vast flight of
steps extending the entire width of the stage, rising steeply to a
high platform at its back. He was greatly influenced by the work
d the Russian directors of the immediate postrevolutionary period
and copied them in oversimplifying characters and their motives,
abandoning subtlety for elementary forms of symbolism. The
Expressionist movement failed because when an actor is reduced
to the level o a puppet he can only express a few emotions, and
those only in the simplest form.

The postrevolutionary phase was followed by a period in which
the German theatre reverted to conventional realism. When the
Nazi party assumed power, their passion for vast meetings and
immense processions was reflected in the theatre—or rather, in
vast propaganda dramas presented in the open air in sports sta-
diums. parade grounds and huge natural sites. World War II
destroyed most of the theatres in Germany but the desire for
theatre and opera among the people was so intense that rebuilding
started immediately after the war. A great opportunity presented
itself for building theatres of new and revolutionary design but
many werestill based on the picture-frame stage, often elaborately
mechanized for the handling of huge. realistic settings.

The most important influence in the post-World War 1T German
theatre was Bertolt Brecht. When, in the early 1930s, Reinhardt
and many other leading players and directors were driven into
exile. the acting on the German stage lapsed into exhibitionism and
splurgy emotionalism. Brecht was a disciple of Meyerhold and
made constant use of the anti-illusionist devices that Meyerhold
invented to enforce his dictum that "the actual world exists and
is our subject; but this play and this stage are not it." For in-
stance, as a means d destroying the illusion of actuality Brecht
flooded his stage with white light throughout the performance,
irrespective o whether the action took place at daybreak or
sunset, at midnight or noon. In between the scenes, captions,
slogans and comments were projected onto a gauze curtain. Points
were emphasized by songs that had nothing to do with the action
o the play but were what Brecht called “musical addresses to the
audience" in which the actor stepped out o the story and com-
mented on the play. Brecht’s theory of acting was a reversal of
Stanislavski’s doctrine that the actor: must identify himself com-
pletely with the part he was playing. Brecht demanded an ob-
jectivestyle o acting. |t was to free the audience " from the spell
cast upon them by the witchcraft of realistic producers who make
a dream world of reality” that Brecht evolved what he caled "the
alienation effect.” After Brecht's death in 1956, his company, the
Berliner ensemble, continued to train actors according to his prin-
ciples and toured in many countries with a repertoire of his plays.

In spite of the number of German theatres and the huge sums
lavished upon them in the form o government and municipal
grants, there were few signs in the early 1960s of any strongly
progressive movement and no directors were dominant enough to
impose any distinctive style. Much of the best creative work was
done in the opera houses. The extreme shortage of contemporary
playwrights was the rnain reason for the lack of any essentially
Germanic style of acting and direction. As the majority o plays
were imported from other countries the actors and directors were
forced to compromise in their methods. leaving themselves too
little time and opportunity to develop an indigenous style.

5. France.— The reaction against realism. which during the
early years of the 20th century was a powerful influence in the
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German and Russian theatres, was slower to reach France. It was
the founding of the Théitre ‘du Vieux Colombier by Jacques
Copeau (¢.v.) in 1913 that initiated the reaction in that country.
Copeau came from outside the theatre. He was a literary critic
and editor of La Nowvelle revue framgaise.- Profoundly dissatis-
fied with contemporary plays, which were shallow because obsessed
with photographic detail and classics "so tightly swathed in the
trappings of tradition that they were unable to breathe," he be-
came a producer and set up his own company. Like Reinhardt,
Copeau sought to break down the barrier between actor and audi-
ence; at the Vieux Colombier the stage was left unframed. There
were no wings and no definite line of demarcation between stage
and auditorium (the actors simply made their entrances through
doors from the adjoining rooms). Decor was used rarely and
sparingly, seldom consisting o more than one or two painted
screens, or a balustrade or a draped curtain. Only the barest
minimum of furniture and properties was used. and nothing was
put on the stage merely as an aid to redlistic illusion. The atmos-
phere for each play was created almost entirely by lighting.

Before opening the Vieux Colombier Copeau took his little
company o 11 actors away from Paris to his home at Le Limon.
There they improvised scenes and practised exercises designed to
make their bodies and voices flexible instruments. In their im-
provisations they learned much from Charles Dullin, who had been
a reciter in the cafés of Montmartre and was an exponent o the
traditional comédie improvisée, which was still popular in the
cabarets o Paris and the fairs of provincial France. The acting
at the Vieux Colombier was, in a modern play, at first sight com-
pletely realistic. although the detailed business o the ordinary
realistic production was reduced to a minimum. But closer watch-
ing showed that gesture was being used sparingly and selectively,
so that each gesture was given unusual significance. Copeau's
productions of Molikre and Shakespeare were notable for their
lightness, grace and gaiety. In 1923, he took a group o young
actors to Burgundy. where, besides studying acting, they worked
in the fields and in a carpenter's shop. They took part in the local
wine festival, performing what they described as "diversions."
The peasants called the group "Les Copiaux,” and it was under
this name that they first appeared before a town audience at Basel,
Switz.,in 1926. The most characteristic of their productions was
La Danse de la ville et des champs, described as a spectacle Bour-
gzcignon, joué, dansé, chanté, mimé par Les Copiaux. It was
written and produced by Michel Saint-Denis. In 1930 he took
over the direction of the company. which was renamed the Com-
pagnie des Quinze. 1t was disbanded in 1936 but during these
few years it became internationally famous for its fine speaking
and expressive miming, the imaginative simplicity of the settings
and the pictorial beauty of the groupings. The company had its
own author, André Obey, who wrote his plays to suit the methods
and talents of the group.

Copeau's influence on the French theatre was greatly strength-
ened and extended through the productions o Louis Jouvet (g.v.)
and Charles Dullin, who left his company in 1922 to start theatres
o their own. Jouvet's productions of Molikre were his most im-
portant contribution to the French theatre. He freed the plays
from the weight of tradition built up from literary criticism that
was stifling them on the stage. His famous production of L’Ecole
des Femmes was hailed by the French critics as le retour & Part
classique—Ile retour au véritable esprit de Moliére et son sidcle.
While Jouvet was always scrupulously careful to subjugate himself
to his author, Dullin’s productions were strongly coloured by his
own personality and tastes. He hated what he caled 'horrible
naturel. Heloved brightness— bright colours. bright music, bright
movements. Copeau's influence on him was apparent in his elab-
orate use of expressive gesture and mime. His productions of
Aristophanes' 74e Birds was a good example of the mingling of the
elements of carnival and social satire that he sought to find in
nearly every play he produced. |n complete contrast to the colour-
fulness of Dullin’s productions was the asceticism of Georges
Pitoeff, who believed that the primary aim of the director should
be to focus attention on the central idea of the play and eliminate
all external details of decor and acting that might tend to obscure
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it from view. His greatest contribution to the French theatre
was the number of foreign dramatists whom he introduced to the
Parisian public. These three directors, together with Gaston
Baty, were known as “Les Quatre.”

Baty served his apprenticeship in Germany under Reinhardt,
from whom he learned how to handle crowds brilliantly and to
use elaborate stage mechanism and lighting equipment with skill
and showmanship. His pictoria sense was superb and his group-
ings and movement were beautifully composed, but they existed
for themselves rather than for their contribution to the play. He
was often accused by critics of overelaborating the classics in
order to display his inventiveness, but on the other hand he di-
rected the delicate plays of Jean Jacques Bernard with infinite
subtlety. Dullin’s use of mime was continued and elaborated
in the productions of one of his pupils. Jean Louis Barrault. who
left the Comédie Francgaise in 1946 to form his own company at
the Marigny theatre. Much o his work was symbolistic, both in
decor and acting, a combination of pantomime, rhythmic move-
ment and shadowgraphs. He has been accused, rather unfairly:
of being "an enemy of speech,” of regarding words simply as an
accessory to visual means of expression. Another pupil of Dullin
was Jean Vilar, who in 1951 became the head of the Théatre Na-
tionale Populaire (T.N.P.). Hisstyle of production was governed
by the size of the Palais de Chaillot, the headquarters of the
T.N.P., a theatre seating nearly 3,000 with a stage 70 ft. deep
and a proscenium opening 80 ft. wide. Vilar made no attempt to
fill the stage with scenery. He did no more than suggest the back-
ground of the play by the simplest possible means. Instead he
filled his huge stage with big, swirling movement and because the
size of the auditorium made subtlety impossible he trained his
actors to use bold, simplified gestures and to delineate their char-
acters in powerful outline rather than in detail. It is a style that
is well suited to the great open-air theatre at Avignon, where
the company appeared every summer. Until the 1950s theatrical
activity in France was almost entirely concentrated in Paris, but
with the help of the French government theatrical centres mere
established at Strasbourg, Aix-en-Provence, St. Etienne, Toulouse
and Reims, from where the companies go out to play in the sur-
rounding districts.

6. British Commonwealth. — The arrival of the talking pic-
tures practically annihilated the theatre in the countries of the
British commonwealth but after World War II there were signs of
a rebirth. Interest in the theatre was stimulated by visits to
Canada and Australia by companies from England, including the
company from the Shakespeare Memorial theatre (in 1961 re-
named the Royal Shakespeare theatre) at Stratford-upon-Avon
and the Old Vic headed by Sir Laurence Olivier and Vivien Leigh.
In Australia in 1954, it was decided to commemorate the queen’s
visit by establishing an Elizabethan Theatre trust to encourage
Australian drama and opera. Two-thirds of the sum raised was
contributed by the public. the remaining third by the government;
The Mgjestic theatre in Sydney. renamed the Elizabethan theatre,
became the headquarters of the trust and Hugh Hunt, previously
director of the Old Vic in London, became its first director. The
company from Sydney had a considerable success in London in
1957. when it appeared in Ray Lawler's The Summer of the
Seventeenth Doll.

In Canada the Festival theatre at Stratford, Ont., was opened
in 1953 to give summer seasons of Shakespeare. At first it mas
housed in a huge tent; in 1957 a permanent theatre was built.
Sir Tyrone Guthrie frequently produced at the theatre and a num-
ber of British stage stars: including Sir Alec Guinness, appeared
with the company but the theatre became increasingly able to rely
upon Canadian actors. A National Theatre school was founded in
Montreal. Que., teaching in French as well as in English so that it
could train players for the French-speaking companies. In
Toronto, Ont.. the Davies theatre, directed by the two Davies
brothers. gave a wide variety of plays; but it was symptomatic of
the shortage of good Canadian playwrights that when the company
appeared in London it was in a play by an English author. In
Oct. 1960 the O’Keefe centre, a large well-equipped modern the-
atre, was opened in Toronto.
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New Zealand is a difficult country for the professional because
even in the largest cities the population is too small to support
a permanent professional company and the distances between
towns make touring expensive. In 1960 the only professional
company, the New Zealand Players, who once toured the country,
were forced to abandon their work through lack of sufficient finan-
cial support. However, in 1961 Richard Campion, who had formed
the Players, helped to organize the New Zealand Theatre com-
pany; this new group planned to tour one production a year and
was given agrant by the government arts advisory council.

Kenya has a National theatre in Nairobi, opened in 1956. At
the beginning of the 1960s there was no professional company
attached to the theatre, which was largely devoted to amateur
companies, European, African and Asian, including some that
drew their members from al three groups. Nairobi had also had
for many years the only professional company in east Africa, the
Donovan Maule Players, recruited mainly from the English the-
atre. 1n 1959 they moved into a finely designed new theatre. In
Kampal a, the capital of Uganda, a National theatre was opened in
1960 and was run much the same way as the Kenya Nationa
theatre. In both Uganda and Nairobi the annual drama festivals
showed a continual rise in the quality and quantity of the plays
by African authorsdealing with life among their own people.

7. South Africa.— The theatre in South Africa relied mainly
upon touring companies from other countries, but during the
1950s it became largely self-supporting. The National Theatre
organization, founded in 1948 with a government subsidy, had
permanent centresin Johannesburg and Pretoria and gave regular
performances all over the country by the 1960s. Johannesburg
continued to be the main theatrical centre with a number of perma-
nent companies, such as the Brian Brooke Company and the
Johannesburg Repertory Players. Cape Town had the Cockpit
Players run by Leonard Shachs and the Hofmeyr Theatre with its
own company, and throughout the country there were flourishing
amateur organizations.

In the early 1960s Negro theatre in South Africa was as yet un-
organized, depending for its strength on the vitality of township
jazz concerts. Late in the 1950s the African Drama trust was
founded to try to give it coherence. In 1961 an all-Negro cast
scored a notable London success with King Kong.  (N. M.)

8. United States.— The first theatre— actors, scenery and
repertory — was imported to the American colonies from England
about 1750. Early performances were given in existing halls or in
hastily built quarters resembling the small English provincial
theatres o the day. These provided a small stage with little wing
or fly space, framed by a proscenium arch, in front of which ex-
tended a shallow apron with a proscenium door on either side. The
first scenery consisted of the minimum of traditionally painted
drops, wings and borders necessary to suggest the many settings
required by a large repertory. When the first permanent theatres
were erected, shutters running in grooves replaced drops to close
in most settings at the rear. Illumination was provided by can-
dles in chandeliers hanging from the ceiling of the auditorium, in
a row of reflector holders placed as footlights and in holders fas-
tened to the backs of the wings.

The first American plays were modeled on English drama. A
native type, the shrewd, rural Yankee, first appeared in Royall
Tyler's The Contrast (1787), which introduced aso a favourite
theme of early American drama: the triumph of native honesty
and worth over foreign sham and affectation. In 1798. William
Dunlap, America's first professional playwright, dramatized recent
American history in his blank verse tragedy André, in which
George Washington is a principal character. The heroic Indian
was added in John Augustus Stone's Metamora (1829), the tough
city lad in Benjamin Baker's A Glance at New York (1848) and
the stout-hearted frontiersman in Frank Murdoch's Davy Crockett
(1872). Native-born actors early performed in minor roles. and
the native star, able to hold his own with the best on the London
stage, appeared with Edwin Forrest in the 1820s and Charlotte
Cushman in the 1830s. Forrest's " American” style was character-
ized by muscular strength and vocal power. Theatre, first con-
fined to the eastern seaboard, in 1815 expanded into the Ohio and
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then to the Mississippi valleys. In 1850 it made the leap to San
Francisco and the Pacific coast.

To begin with, settings, including all except a few pieces of
furniture actually used by the actors, were painted on wings and
shutters. The use of real instead of painted rugs and draperies
and a full complement of furniture appeared in the production of
Dion Boucicault’s London Assurance (1841). Detailed historical
accuracy in setting and costume first attracted attention in Charles
Kean’s production of King Jo/#n (1846). In Edwin Booth's the-
atre in 1869, wings and shutters in grooves were abandoned, scen-
ery was supported by stage braces and the box setting began to
be used. In the next 30 years, the detailed realistic setting was
perfected by such producer-directors as Augustin Daly, Steele
MacKaye and David Belasco. Realistic production was stimulated
by the introduction of gas lighting about 1825 and of electricity
about 1885.

Realism in acting appeared in some of the characterizations of
Y ankee specialists like George H. Hill in the 1830s and '40s; in
Francis F. Chanfrau's tough city lad in the '40s. in Matilda
Heron's unconventional Camille in the '50s; in Edwin Booth's
quieter acting of Shakespeare and Joseph Jefferson's " natural™ Rip
Van Winkle in the '60s; and was fully developed by William
Gillette and Mr. and Mrs. James A. Herne in the '80s. James A.
Herne's Margaret Fleming (1890) was the first realistic problem
play in the manner of Ibsen. Herne could not secure production
of this “new” drama in a regular theatre because o a radical
change in theatre organization.

At the beginning of the 19th century, each major city had a
resident repertory company. As population grew and spread west-
ward, so did the number of resident companies, and a leading actor
found it profitable to set himself up as a star. playing brief guest
engagements with one resident company after another. The pro-
liferation o such stars and the rise of the long run, which was
necessitated by increasingly expensive staging, eventualy de-
stroyed the resident company. It was replaced in the 1860s and
’70s, except in a few of the largest cities, by the traveling "com-
bination." Originating usually in New Y ork city, which since 1825
had been the leading theatre centre, hundreds of these combination
companies, presenting either a small repertory or a single play,
were providing entertainment the length and breadth o the land.
Booking agencies were formed as liaison between companies and
theatres. Several theatre owners; producers and agents, of whom
Charles Frohrnan was the best known, formed the Theatrical
Syndicate in 1896, which by controlling booking in key cities
gained a virtual monopoly of theatre throughout the country.
The Syndicate was not interested in the play with limited au-
dience appeal. The theatre on all levels, from serious drama
to burlesque, was the country's chief medium of entertainment.
It was a big and prosperous business, and it was beginning to
be attacked for "commercialism." The change from repertory to
the single play and the rise of realistic production also shifted
artistic control from the actor to the manager. who became the
producer-director, or régisseur. In the last decades of the 19th
century, Daly. MacKaye and Belasco not only selected and cast
their plays, and directed the rehearsals, but also personally super-
vised al other aspects of production.

In the first decade of the 20th century, realism dominated: in
the plays o Clyde Fitch, William Vaughn Moody and Edward
Sheldon; in the acting of Mrs. Fiske, Richard Mansfield and Ethel
Barrymore; and in the productions of Belasco and Harrison Grey
Fiske. The pretty operettas of Victor Herbert and the brash mu-
sica comedies of George M. Cohan were popular. The first
Ziegfeld Follies appeared in 1907. The New Theatre in New
York city, with a resident company dedicated to art rather than
business, was established in 1909 but collapsed after two seasons.
Visits of the Abbey Theatrein 1911, Reinhardt's Sumurun in 1912.
Granville-Barker's company in 1915 and Copeau's group from the
Vieux Colombier in Paris in 1917 provided exciting glimpses of
the work of Europe's art theatres and of the “new stagecraft.,”
thus adding to the growing dissatisfaction with the U.S. theatre.

'The modern period on Broadway may be said to have begun in
1919 with the establishment of the Theatre Guild, the first com-
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mercially successful U.S. art theatre, for in the next decade oc-
curred a flowering that placed U.S. theatre for the first time on
a par nith the best theatre of Europe. Eugene O’Neill emerged
from the Provincetown Players (g.v.) in 1920 with Beyond the
Horizon to win world-wide fame. He was quickly followed by
Sidney Howard, Robert Sherwood. Maxwell Anderson, George
Kelly, Elmer Rice, S. N. Behrman, Philip Barry and others; their
plays provided an expression of American life that was unprece-
dented in its richness and variety. Besides the Theatre Guild,
such producers as Arthur Hopkins, Gilbert Miller. Winthrop Ames,
George C Tyler and Kenneth Macgowan staged the new American
drama, interesting new plays from abroad and some classics in
the new style. Designers Robert Edmond Jones, Joseph Urban,
Lee Simonson. Cleon Throckmorton. Norman Bel Geddes and
Jo hlielziner provided distinguished settings that were realistic,
symbolistic Or expressionistic as required by the new drama The
Moscow Art Theatre company visited New York in 1923 and im-
pressed with the quality o its ensemble acting. which only a per-
manent organization could achieve. Somedf its members remained
in New York to practise and teach the Stanislavski system for
actors (see also Moscow ART THEATRE). |n 1926 Eva Le Gal-
lienne established a permanent repertory company that presented
classics old and new. Show Boat appeared in 1928 and became a
classic of the musical stage. Outside New York city, competition
from motion pictures reduced the number of theatres open to
traveling companies from 1,500 in the early 1900s to 500 but on
Broadway the number of productions grew from 150 in 1920-21
to 280 in 1927-28.

The stock market crash of 1929 heralded the end of unparalleled
prosperity in the theatre and in the nation. The nation recovered
from the ensuing economic depression, but the theatre, under in-
creasing competition from motion pictures, radio and television,
did not In the next 30 years traveling companies al but dis-
appeared. and productions on Broadway shrank to 60 in 1949-50
and expanded only to an average of 70 in the following ten years.
No new theatres were constructed. The Civic Repertory theatre
succumbed in 1933.

Nevertheless, live theatre continued to attract talented writers:
Clifford Odets. Sidney Kingsley, Lillian Hellman, Thornton Wilder
and William Saroyan beginning in the 1930s; Tennessee Williams,
Arthur Miller and William Inge starting in the 1940s. Rising
costs encouraged simplification of setting and by 1950 the box
setting mas seldom seen. Rising costs and shrinking audiences
necessitated longer and longer runs. Enterprises outside the
standard pattern, however, enjoyed some success. The Group
Theatre (g.v.) for six years maintained a permanent company,
developed new playwrights and evolved a new acting style based
on the Stanislavski system. From 1935 to 1939 the Federal The-
atre project (q.v.) presented hundreds of productions of al sorts
and showed that a large untapped audience existed for live theatre
at low prices. From 1937 to 1939 Orson Welles and John House-
man maintained a permanent company and limited runs in the
Mercury theatre. From 1947 the Actors Studio cultivated the
"method,” derived from Stanislavski’s system and practised by
such actors as Marlon Brando, Geraldine Page and Julie Harris.
In 1955 the first U.S. Shakespeare festival was held at Stratford.
Conn.. and it became more popular each summer. The American
National Theatre and Academy (ANTA), chartered by congress
in 1935 and activated in 1946, encouraged theatre, professional
and nonprofessional, throughout the country. As theatre activity
decreased, the producer declined in importance and the stage di-
rector rose. Among the important directors in the 1940-60 period
were Elia Kazan. Robert Lewis. Harold Clurman, Joshua Logan
and Jose Quintero. The musical show after 1930 gained in polish
and sophistication. Examples were: The Band Wagon and Of
Thee | Sing (1931), Pal Joey (1940). Lady in ke Dark (1941),
Oklahoma! (1943). South Pacific (1949) and My Fair Lady
(1956). 1n 1935 George and Ira Gershwin turned the play Porgy
by DuBose and Dorothy Heyward into Americas first successful
folk opera. Porgy and Bess.

Of-Broadway Theatre.— Plays have aways been produced in
small theatres outside as well as in the main theatrical district in

28Q

New York. In 1915-18 the Washington Square Players, in the
1920s the Provincetown Players and in the 1930s the New Play-
wrights drew audiences and critics of Broadway. A new era be-
gan in 1952 with the successful revival of Tennessee Williams’
Summer and Smoke at the Circle in the Square and gained momen-
tum with productions at the Phoenix. the Theatre de Lys and the
Fourth Street theatre. In 1961-62, the New York Times counted
100 off-Broadway productions. 34 more than on Broadway. Re-
vivals of classicsand of recent plays that had failed on Broadway
predominated at first, but the proportion of new plays increased,
With a few exceptions, such as at the Phoenix, the single play and
the long run predominated. Since production often took place
in improvised quarters under makeshift conditions, it showed
styles and forms seldom seen on Broadway. Many productions
were staged without a proscenium arch and with the audience on
two or three sides of the playing area. Actors, directors, designers
and producers who achieved success of Broadway were soon ac-
tive on Broadway. And those who had made their mark on
Broadway began to appear in off-Broadway theatre, attracted by
the greater freedom it offered. Some notable productions off-
Broadway were Threepenny Opera at the Theatre de Lys, the re-
vivals of Chekhov at the Fourth Street theatre and The Zceman
Cometh at the Circle in the Square.

Summer Theatre.— Declining production on Broadway was ac-
companied by a growth of theatre in resort areas during the vaca-
tion season. In 1940, 80 summer theatres were open for a ten-
week season, performing a different play or musical each week in
tents. barns and sometimes in regular theatre buildings. More
than 200 such "straw-hat™ theatres were in operation in the early
1960s. Resident companies, frequently augmented by visiting
stars: usually performed recent Broadway successes, and occa-
sionally they tested a new play for possible Broadway produc-
tion.

The Negro in the U.S. Theatre.— In native plays, the Negro ap-
peared first as a plantation hand. a minor comic character, Later
he was frequently seen as a comic domestic servant. In the 1830s
Thomas Dartmouth Rice was extremely popular singing and
dancing as the eccentric “Jim Crow" in an entertainment he called
"Ethiopian Opera." Out of such white performances of Negro
song and dance came Negro minstrelsy (see MINSTREL Smow).
Edward Harrigan introduced the city Negro in his comic Mulligan
plays of the 1880s. The slavery plays like Uncle Tom's Cabin
(1852) and the Civil War plays like The Reverend Griffith Daven-
port (1899) first treated the Negro seriously. Edward Sheldon's
The Nigger (1910) was the first play to deal with Negro prob-
lems in modern society. After the Civil War, Negroes became
popular performers in minstrel shows and later in all-Negro musi-
cals. From 1910 on. individuals like Bert Williams were featured
in musicals like the Ziegjeld Follies; the integrated musical ap-
peared in the 1940s. Negroes gained recognition in serious drama
somewhat later: Charles Gilpin in The Emperor Jones (1920),
Richard Harrison in The Green Pastures (1930), Canada Lee in
Native Son (1941) and Paul Robeson in Othello (1943). Play-
wrights who contributed to the drama of Negro life include Ridgely
Torrence, DuBose and Dorothy Heyward and Paul Green. Negro
playwrights had little success on Broadway until Lorraine Hans-
berry's A Raisin iz the Sun became a hit in 1959.

Community Theatre.— Community theatre grew out of the lit-
tle theatre movement and its art theatres that sprang up (c. 1900~
23) in protest against the commercial theatre and under the in-
spiration o the free theatres of Europe. Among the leaders were
Gilmor Brown in Pasadena. Calif.. Frederic McConnell in Cleve-
land, O., Samuel J. Hume in Detroit, Mich., and Maurice Browne
in Chicago. The little theatres presented noncommercial plays,
European and American, with the "new stagecraft.”"” in small the-
atres for small audiences. As road companies disappeared, most
of these organizations lost their "art" theatre aims and became
substitutes for professional theatre, presenting popular plays in
larger theatres to larger audiences with more paid personnel. By
the early 1960s three types of community theatres existed: (1) a
few with paid actors and staff. like the Arena theatre. Washington,
D.C.; (2) a few more with paid staff and a few paid actors, like
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the Cleveland Playhouse; and (3) the great majority with some
paid staff only.

University Theatre.— Dramatic performances by students go
back to the colonia period, but instruction in theatre subjects did
not enter the curriculum until about 1900, largely in colleges of
liberal arts and as part of the reaction against commercial theatre.
Early leaders in this movement included George Pierce Baker at
Harvard. Thomas H. Dickinson and Gertrude Johnson at Wis-
consin, and Frederick H. Koch first at North Dakota and later
at North Carolina. 1n 1914 the first department offering training
for the professional theatre was established at Carnegie Institute
of Technology under Thomas Wood Stevens. After World War 1,
under the leadership of such men as’A. M. Drummond at Cornell,
E. C. Mabie at lowa and Glenn Hughes at Washington, there
was a tremendous expansion of courses, departments and degrees.
The National Theatre Conference of leading university and com-
munity theatreswasorganized in 1932. The American Educational
Theatre association was established in 1936 'and after 1949 pub-
lished the Educational Theatre Journal. By 1958-59 more than
500 college theatres were producing annually more than 1,000 plays
for audiences o about 3,000,000. Much of this growth was be-
cause of the disappearance of professional theatre outside New
York city. Although the aims of university theatre have been
primarily cultural, it has affected the professional theatre, espe-
cialy off-Broadway. Its unique contributions have been the de-
velopment of theatre for children and the popularization of arena
and other forms of open staging. (B. HT.)

9. Latin America.— The theatre in Latin America varies
greatly from country to country. Its development is highest in
Argentina, Mexico, Brazil, Uruguay and Cuba in that order, with
the other countries trailing considerably behind. The advent of
motion picturesaround 1900 brought about a decline in the theatre
throughout Latin America but a theatrical revival became notice-
able after the 1930s when playwrights abandoned the late 19th-
century Spanish dramatists as models and introduced techniques
and styles from the best European and New Y ork theatres.

Early in the 20th century a nationalistic theatre arose in Argen-
tina depicting the conflicts between the ¢riollo population (de-
scendants of settlers from the old world) and the immigrants.
This movement produced a legion of playwrights, the best known
of whom was an Uruguayan, Florencio Sanchez. His plays, writ-
ten between 1903 and 1909, were mostly dramatic but others cul-
tivated a more festive theatre, such as the Argentine samnete
("farce™). Modern Buenos Aires, Arg., boasts scores of profes-
sional theatres, numerous experimental and art theatres and the
Teatro Colén with its own opera company, symphony orchestra
and ballet. The Argentine motion-picture industry developed
steadily until it ranked second in America only to that o the
United States.

Although the Mexican theatre is not comparable to that of
Argenting, it grew through the efforts of enthusiastic art groups
and many exceptional dramatists, such as Rodolfo Usigli (Corona
de sombra, 1947) and Xavier Villaurrutia (Juego peligroso, 1950).
Beginning in the 1950s numerous theatres were built or halls
adapted as teatros de bolsilio ("pocket theatres"). Mexico's
motion-picture industry was almost on a par with Argentinas.
Mario Moreno (Cantinflas) became a world-famous motion-pic-
ture star.

In Brazil the theatre enjoyed generous official protection and a
high level of theatrical culture resulted. The quality of Brazilian
theatrical production was comparable to that of any country.
Among the best-known modern Brazilian authors were Joracy
Camargo (Deus lke pague, 1932) and Guilherme Figueiredo (A
rapdsa eas uvas, 1935). Procopio Ferreira came to be considered
one of the world's greatest contemporary actors. The modern
Brazilian motion-picture industry, though commercially smaller
than those of Argentina and Mexico, was technically and artisti-
cally excellent.

Cuba, with a glorious theatrical past, witnessed a sharp de-
cline at the beginning of the y0t1 century. The peculiar political
satire known as the bufos cubanos flourished for a while but dwin-
dled away inthe1920s. |n that decade and inthe 1930s composers
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and playwrights developed the zarzuela cubana, a type of musical
comedy that was successful at home, in Spain and in Latin Amer-
ica.  Among the composers of the zarzuelas were Ernesto Lecuona,
Moisés Simons and Gonzalo Roig. Cuba also made important
contributions to the theatre in the field of the ballet; the Cuban
ballerina Alicia Alonso became internationally known.

Chile produced at least one outstanding playwright; Armando
Moock (Rigoberto, 1935). (Lu. A.B.)

10. Drama Festivals.— During the height of the season there
are so many drama festivals in Europe that it is difficult to keep
count of them. The most comprehensiveisthe annual " Theatre of
the Nations" festival in Paris. The festivals in the Netherlands,
Stockholm, Berlin, Ziirich, Munich and Vienna are, like the Paris
festival, international in character. The Dublin festival is essen-
tially national, although one or two companies are invited from
other countries. The festival at Pitlochry in Scotland, which lasts
throughout the summer months, always includes a proportion of
Scottish plays in its program but is by no means exclusively na-
tional. At Epidaurus, Greece, the festival is devoted to the Greek
classics. Thisisone of the many open-air festivals, among which
the most important are those at Baalbek, Lebanon, Avignon,
France, and Dubrovnik, Yugos. Besides these there are many
smaller open-air festivals in France and Italy, most of which use
surviving Roman theatres. The festivals at Salzburg and Edin-
burgh combine music and drama. The Edinburgh festival has
given the first performances of a number of distinguished plays,
including two by T. S. Eliot, but much of the most interesting
drama at thisfestival is to be found among the "fringe,” the name
given to the small pioneering companies, mostly very youthful,
that are not officially part of the festival. (N. M.)

Some o the best-known summer drama festivals in the United
States are devoted to Shakespeare. At Ashland, Ore., Shake-
speare's plays are presented outdoorsin what resembles an Eliza-
bethan public theatre. A similar repertory is presented in a recon-
struction of the Globe theatre at San Diego, Calif. At Stratford,
Conn., Shakespeare's plays are produced in a modern theatre. The
New York Shakespeare festival is staged in the city's Central
park. Opera has replaced the spoken drama in the 19th-century
opera house at Central city, Colo. The Arts festival in the Public
Garden, Boston, Mass., includes opera and ballet, as well as drama;
0 does the Richmond, Va., Festival o Arts.

Although Stratford, Ont., is best known for its productions of
Shakespeare, its program includes new plays, operetta, films and
music. Vancouver, B.C., stages an international festival of drama,
opera and ballet. (B. HT.)

See aso references under " Theatre™ in the Index volume.
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larger meaning of_the term, see DRAMA; THEATRE; 2150 AcTING,
DIRECTION AND PRODUCTION; COSTUME DESIGN, THEATRICAL;

StaGE DESsIGN. (X))
HISTORICAL DEVELOPMENT

In copsidering the form of the modern theatre building and its
physical aspect, and in tracing the origins and development of that
form fromthe earliest known theatres of Europe, it is well to keep

in mind the basic meaning of the word "theatre.” From the Greek
feacfat, it means roughly “a place for Seeing.” In a short sur-
vey of the subject it is not necessary to mention pre-Greek thea-
tres, beyond saying that there is no known connection between
those of earlier civilizations and the theatre of Dionysus at Athens,
with which the histories Of drama jn the western world traditionally
start. In Egypt nothing approaching a constructed theatre in the
place-for-seeing sense has been uncovered, although accounts and
fragmentary texts of passion plays, resurrection plays and corona-
tion tplays are known, some of a date earlier than 3000 B.C.
Egyptologists identify the performances as ritualistic and pageant-

like, involving processional movement, so that it islikely that tem-
ple courts and terraces rather than planned auditoriums accom-
modated the devotional audiences.

Greek Theatre.—The first Greek theatres were little more than
H}arked-out dancing circles, each around an altar, at the foot of
hillsides on which spectators stood or sat. From this natural form
the first built theatres took their main outlines: a circle or orches-
tra (pxHhorpa) for the chorus and actor or actors, and rising tiers
of wooden seats, built against a hillside for the spectators. ese
seats extended usually around two-thirds or more of the orchestra,
since at this time dancing or movement was more important than
acting, and there was no stage for the spectators to face. The
type of the first built theatres is shown in fig. 1. The one actua
example that has survived (partly restored) is the magni |cen%
theatre at Epidaurus, although archaeol ogists have uncovered foun-
dations of theatres of this stageless type under several Greek-

; _theatres. surviving in partjal myin. Tt should be
ﬁe‘},‘{‘?ﬁ‘ mind that in 11 period were §ny two (_ayreei{ theatres exactly

alike.
Returning to the theatre of Dionysus at Athens, one notes that
the temple of Dionysus Eleuthereus appeared in relation to the
theatre approximately as indi-

cated in the diagram (all within

the precinct sacted to Dionysus

on the southeastern slope of the

Acropolis). One conjecture is

that thearchitectural form of this

6th-century temple helped deter-

mine the shape of the stage build-

ing, which was later to be added

at the edge of the circle opposite

— the seats. But the more widely

Pl accepted theory is that out of

FIG. 1.—PLAN OF GREEK THEATRE Decessity a hut or tent (oxfvy )
OF EARLIEST TYPE was added at the edge of the or-
chestra as a retiring room for the

actors, for changes of masks or costume, etc.; and that the stage
building was in all later ages an elaboration of this shelter—
dressed, in the later Greek Keriod, with those beautiful architec-
2?53&{1%?5 with which the Athenians adorned all their important

Just when the skene became truly a stage building with studied
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relationship to orchestra and auditorium is a matter of conjecture.
As a step in the development of the larger theatre form, the three
parts of the theatre may be thought of as developing gradually into
a set arrangement as shown in fig. 2.

Here one sees the accretion of the three features that character-
ize theatre building through many
succeeding centuries: (1) fearpor
or auditorium; (2) orchestra;
and (3) scene; names which pet-
sist even today. But at thistime
players and chorus appeared only
in the orchestra, the scene re-
maining an architectural back-
ground to the action and a prac-
tical retiring house for the actors, -
stru.ctur.aJIy Separated from the F16. 2.—THE THREE-PART THEATRE
auditorium by entrances Or run- \pRANGEMENT OF SEATS, ORCHES-
ways caled wapadol (Lat. TR AND SKENE
parodi).

Such was the theatre form when the sth century B.c. dawned,
and such it remained, with only slight changes, in all probability,
during the period of Aeschylus, Sophocles and Euripides. The ar-
chitectural features and the height of the skene are still only to be
conjectured, though excavated foundations at Athens indicate
clearly the plan and limits of an early stage building, wider than
the dancing circle and with ends projecting forward toward the
auditorium.

Archaeologists have waged one of their bitterest battles over the
guestion as to when the raised stage made its first appearance, but
it is now almost unanimously agreed that in the "high™ period of
Greek drama there was no platform stage. The theatre at Athens

had taken thisgeneral form, with

possibly a portico at the front of

the scene building, between the
paraskenia or projecting skene
ends (fig. 3); but the acting
space in front of the skene was
level with the orchestra floor. A
platform would imply a separa-
xp 0N of actors from chorus belied
Fi1G. 3.—SKENE ENLARGED A by the onIy evidence, the play
PROBABLY ADORNED WITH ARCHI- texts.
TECTURAL ORNAMENTS OR POSSI-
BLY A PORTICO In Greece the theatres were
regularly built in hillside hollows,
thus avoi“ing any need to build supporting framework for thetiers
of seats, xcept perhaps at the ends of the rings. The auditorium
was broken by up-and-down aisles with steps into a number of
wedge-shaped segments of seats, and sometimes by one or more
lateral aisles (asin the theatre at Epidaurus).

The student of later forms may profitably transfer his attention
to a point beyond the controversy about the introduction o the
raised stage to that time when there was, without doubt. an auxil-
iary platform for acting. The next well-differentiated type of thea-
treisthat in which the stage building is characterized by a high nar-
row platform on the audience side, called at times the proskenion
(from which " proscenium" is derived), and at others the Jlogeion
or "place for speaking."” As acting became more and more im-
portant, the skene developed into a combined architectural back-
ground and platform for lifting the actor into clearer view (fig. 4).
It is to be noted here that the
typical Greek separation of audi-
torium and scene building still ex-
ists, although acting now is di-
vided between the orchestra and
a stage in the later sense.
Through the late Greek and the
so-called Greek-Roman periods,
the narrow logeion doubtless
went through a gradual Wld.en.lng FIG. 4.—A PLATFORM ADDED AS
process. Also the stage building parr of THE SKENE
was soon a two-storied affair.

When the actor appeared on a raised stage, the acoustics (generally
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excellent in open-air theatres) were improved. As acting on plat-
forms became standard, the rings of seats doubtless came to be
planned as less than the old two-thirds of a circle, moving toward
the standard half-circle plan of the Romans. The Greek tragic
drama retained a certain processional element, and the separation
of the stage building by means of the rapador was then retained.
There came to be three doorways in the stage wall for actors' en-
trances; the mapado. afforded fourth and fifth entrances to the
orchestra, especialy for the chorus and, by a convention adopted
at some unknown time, for actors understood to have arrived from
adistant place. (Later the two side entrances became symbols for
arrival from the country on the one hand and from the forum or
the city on the other.)

Roman Theatre.— Ruins of Roman theatres afford absolute
evidence regarding the arrangement of the Roman stage and audi-
torium. The two heretofore separate buildings had now been
pushed together to form one structure, not placed, as in Greek
times: against a hillside hollow, but erected asa free-standing build-
ing supported'by arch construction. The orchestra had been con-
tracted to a half circle and added to the seating space; and all
the acting was done on a platform stage, behind which the greatly
enlarged skene and paraskenia rose, with rich architectural orna-
mentation, to a considerable height. (Seefig. 5.) Thereis shown
in fig. 6 a drawing after A. N. Caristie's restoration of the stage
o the Roman theatre at Orange, Fr., of which the stage wall still
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FROM A. STREIT, “DAS THEATER"

FiG. 5.—PLAN OF A 'YFPICAL RoMAN THEATRE AS SEEN IN THE RECON-
STRUCTION OF THE THEATRE OF MARCELLUS, ROME

exists, though stripped of its ornamental features. In many Ro-
man theatres, including this one, a colonnade above the highest
tier of seats ended in junction with the left and right top extremi-
tiesof thestage wall. This provided in the Roman theatres a sense
of enclosure unknown to the Greek playhouses or to the transi-
tional structures.

A special sort of theatre with wooden platform stage, for come-
dies, as shown in many extant vase paintings, is disregarded here
as having little or no influence on the traditional or persisting form
o theatre. These' simple stages existed in both Greece and Rome.
Left aside too are such classic structures as the Odeum of Atticus
Herodes on the Acropolis in Athens, built in the 2nd century ADp.
as arecital hall; and similar odea and senate chambers and the like,
characterized often by graceful auditoriums but lacking stages.

In the Roman theatres there were no built-in facilities for scene
changing, and it may be assumed that in general there was no
painted scenery, though elaborate stage machinery for trick effects,
apparitions, etc., is described by contemporary writers. The ek-
kyklema seems to have been a sort of wagon stage, so pivoted be-
side the "palace doorway" of the skene that it could be wheeled
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onto the stage to disclose a set tableau. Efforts to localize the play
scene visually may have been tried on lesser stages than those of
the great surviving stone theatres. And there is a description (in
Vitruvius) of a device, originally Greek, for indicating to the au-
dience a change in the play's locale: a three-sided standard or
signboard, on a pivot, with painted indications of a severe archi-
tectural scene for tragedy, a less monumental street scene for
comedy and a forest scene for satyr plays. These boards or per:-

i

FIG. 6.— BACKGROUND OF ROMAN STAGE SHOWING NARROW CENTRAL
" PALACE DOORWAY WHICH WAS MODIFIED IN THE RENAISSANCE THEA-
TRE. AS SHOWN IN FIG. 11, TO PROVIDE A MORE EXTENDED VISTA

aktoi Were revolved at the interval fOr change of plays and possibly
at some entrances (as of & god character) within a play perform-
ance. Neverthelessit must pe inferred that, in general, the archi-
tecture of the stage wall was the “scene.” This wall was regularly
pierced by five rways, three at the back and one in each of the
paraskenia. The large centre door was the ‘“palace entrance.”
The Main thesis (of a gradual evolution from dance circle to
monumental |ate Roman playhouse) has here been baldly set down,
with diagrams, in order that the reader may visualize a continual
process of adaptation of the theatre to the needs of a changing
drama 2nd—in the case of degenerate Rome—of spectacular
“shows.” Without attempting a census of all surviving classic
theatres, one may pause over the especially instructive examples.
Existing Classic Theatres and Restorations.—The pure
type of Greek playhouse, with full-round orchestra, is to be seen
only in the beautiful structure at Epidaurus. Otherwise there are
the restorations on paper and museum models of such areas as the
Acropolis at Athens or the sacred precincts of Delphi and Olympia.
The early wooden playhouses would in any case have disappeared;
but the savagery with which wars were conducted by the conquer-
ing Romans accounted for the ruination of the stone structures that
adorned NOt only the cities of Greece proper but the provincial
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FIG. 7.— THE THEATRE AS PART OF THE TEMPLE GROUP.
TION OF THE GREEK-ROMAN THEATRE AT PRIENE

A RECONSTRUC-

Greek cities of the Asian and African coasts and of Sicily and the
Italian mainland.

After destruction came generally rebuilding, but on the transi-
tional Greek-Roman or the straight Roman model. Thus the
Greek theatre at Syracuse disappeared when the city was devas-
tated and the inhabitants were massacred in 212 B.c. But later
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one of thelargest of Roman theatres was constructed on the site.
Considerable portions of the auditorium and of the foundations
of thestage building remain.

Of the transitional type buildings, when a raised stage has been
added and the orchestra has been cut down from the full round
but the stage building has not yet been consolidated with the audi-
torium, sufficient ruins survive for archaeologists to present fairly
accurate restorations. Fig. 7 shows the probable aspect of the
Greek-Roman theatre at Priene in lonia, as pictured by A. von
Gerkan. The ground plan and arrangement of parts can be relied
upon; though the windowlike spaces in the upper stage building
have been criticized as wholly conjectural, as perpetuating the
19th-century belief that provision was commonly made for painted
scenery.

A further step toward consolidation of the building's once sepa-
rate parts is illustrated in the theatre of Dionysus at Athens, as
the structure appearsin its latest, partial restoration. Indeed there
isevidence that the Greeks under their Roman masters remade this
most holy of ancient theatres so that gladiatorial fights could be
staged there. The orchestra, moreover, was sealed up in such a
way as to improvise the playhouse into a naumachia or lake-theatre
for the staging of mimic sea fights.

Of the large stone or concrete Roman theatres the one at Aspen-
dus, in Asia Minor, is best preserved. The entire auditorium with

its crowning colonnade may be seen (since Count Lanckoronski's

restoration in 1884), together with st al, includi t
oF the Tmpressive orhonmear on MRS Sag8 ). {nguding, parts

i This magnificent structure, built in the reign of
R’ﬁrglussa%plﬁ'%rﬁgé, is estimg?ed to have seated 7,500 spectatorg. It
may be considered typical of the scores of playhouses erected in
the far-flung cities of the Roman empire. A sketch, fig. 8, illus-
trates perfectly the relationship of parts. Examples more acces-

sible to the ordinary traveller include the impressive ruins at
Orange in France, the theatre at Taorminain Sicily, in which some

of the columns adorning the stage are still intact, and the two
theatres at Pompeii. Thelarger theatre at Pompeii, dating prob-

abyy from the 1st century B.c., is said by Plutarch to have been
mndﬂlgd after trLatRat Mytilene in Lesbos——,iyﬁlich at so late a date
would be a (xreek-koman type structure. ¢ smaller theatre at
Pompeii, aside from a certain feeling of grace and intimacy that
pervades it, is of special interest as bolstering the theory that in

Roman_times small, i i
to the larger open—aglQ ‘gﬁ?ﬁ%%%%r S()\{Vﬁrs%(icr)]mcrggen% t}%lﬁladigﬁgné

theory not easily proved; certainly the roofed Odeum jn Athens.
built dunng Hadrian’s rejgn (A.D. 117—138), was not well suited

for a typical Roman extravaganza, and the rare covered theatre-
like structures elsewhere seem to have been designed as chambers

for musical recitals, senate houses, etc.

In Rome itself the theatres wholly crumbled, except for parts
of the theatre of Marcellus, after the stone facings had been
stripped away by pillagers during the dark ages. But contempo-
rary writers supply a record of some unusual, not to say amazing,
examples of ingenuity in raising bigger and ever bigger playhouses.
Itissaid that the first stone theatre in Rome was torn down before
completion, in 154 B.c., as part of the republican campaign to halt
the march of "Greek luxury"” among the stern and practical Ro-
mans. This seems to have been one of the few times that morals
had anything to do with the Roman theatre or drama. Roman

N\ { drama had begun in humble and obscure types of ritual procession
"'\; and farcical interlude, mostly Etruscan; but later there were Ro-

man playwrights copying Greek plays. Nevertheless, the theatre

4 was already divorced from religion—a basic difference between

the two nations and an important factor in shaping the Roman
playhouse form.

It was Pompey who erected the next celebrated stone theatre in
Rome (begun in 55 B.c.). As a ruse he placed a shrine to Venus
Venetrix at the top of the auditorium. Thusit could be said that
the rows of stone seats served as steps to a temple; but the stage
lacked nothing for the showing of such spectacles as the populace
now demanded. Pliny wrote that Pompey's theatre accommo-
dated 40,000 spectators— doubtless a gross exaggeration, though
the stage wall was 3co ft. long. The place had architectural gran-
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deur, and certainly it was big enough to permit gladiatorial con-
tests. At its opening, it is said, 500 lions and 20 elephants were
killed.

After the change-over to rule by emperors, Augustus Caesar
boasted that he had rebuilt the "magnificent” Pompey's theatre,
had erected the theatre of Marcellus and had been instrumental in
getting Cornelius Balbus to build a third playhouse. In view of
the known magnificence of adornment in the theatres of Roman
provincial cities, one can only believe that the capital city o the
empire would decorate its playhouses sumptuously, and every at-
tempted restoration on paper has shown the stage wall as archi-
tecturally rich and showy. Thisisthe very peak of palatial adorn-
ing of the stage wall with story on story of columns, pilasters and
niches, with an abundance of statues and of gilding—thevery ele-
ments destined to turn up in the stage-wall ornamentation of the
academy theatres of the Italian Renaissance and to persist as
standard ornamental features of the proscenium arch in theatres
built in the 18th and 19th centuries throughout Europe and the
Americas.

As a last word about the theatres in Rome it should be said that
even greater claims of bigness and munificence were made for
wooden theatres temporarily erected. Pliny writes that the aedile
M. Aemilius Scaurus constructed in 58 B.c. a theatre seating 8o,-
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FROM DURM, “DIE BAUKUNST DER ROMER"

FIG. 8.— RECONSTRUCTION OF THE ROMAN THEATRE AT ASPENDUS. SHOW-
ING ROMAN BOWLLIKE FORM

ooo people and adorned with 3,000 statues among 360 columns;
and that a few years later one G. Curio built two theatres so ar-
ranged that after use as separate playhouses in the morning one
of the auditoriums could be swung around to face the other, thus
forming an amphitheatre for performances in the afternoon—an
architectural curiosity that taxes piesent-day credulity. Neverthe-
less the Romans accomplished well-nigh incredible feats of engi-
neering in other types of building. And the final impression to be
carried away from an examination of the surviving ruins should
be one of wonder that so many small Roman cities should have
owned theatres almost incredibly grand.

Mediaeval and Elizabethan Theatres.— In the history of
theatre architecture there s, strictly speaking, no mediaeval chap-
ter. The latest ancient mention of activity in a Roman theatre is
dated AD. 533; but it can be assumed that most of the classic play-
houses had long before gone "dark™ under the stress of the bar-
barian invasions. The drama was then, and for many centuries
after, a tenant in castle halls, courtyards and town squares. To-
ward the end, important new sorts of stages and staging came in—
the beginnings of modern illusory scene design. But no type
theatre developed out of the acting of plays in the altar area of
the Christian church, the first place in which a new tradition of
playwriting and acting took form.
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When the plays were pushed out onto the church porch, and then
driven away to public squares, there still was no crystallization of
a structure combining stage and "place for seeing.” The strolling
players of another sort, inheritors possibly from the suppressed
miming tradition of fading Rome, from minstrels and from Teu-
tonic scop and gleeman, no more had theatres. Indoors a castle
hall would do. Outdoors a platform with simple curtains served
the actors; the audiences stood.

One exception alone is sometimes claimed: the school theatres.
But colleges, then universities, appeared (on the foundations of
student guilds or student-scholar guilds, under church protection)
only in the late x2th and the 13th centuries, and thereis no record
of their dramatic activities. Thereisan edition of Terence's plays,
printed in 1493, illustrated with puzzling diagrammatic sketches
o an "opened" auditorium and of scenes on a platform stage be-
fore curtains; and these illustrations teased some scholars into in-
ferring a type theatre specialy suited for revivals of classic com-
edy or for native plays after Roman models. Thisisin any case
a revival activity, typically of the Renaissance in both substance
and date.

The Jesuit theatres, moreover, overshadowed all other mani-
festations of the school theatre. They would be expected to have
picked up and carried on any tendency toward crystallization of a
type playhouse. Asa matter of fact the instructional school plays
of the Jesuit colleges— colleges numbering possibly 300 in Europe
within 50 years of St. Ignatius of Loyola’s death in 1556 —were
staged in every imaginable sort of improvised theatre: school hall,
college courtyard, public square and, in exceptional cases, theatres
especially constructed in imitation of contemporary models, from
the classic theatre as reconstructed for the learned academies to
the ballroom theatre with provision for the new changeable
scenery. Bridging thus from the mediaeval era's incomplete thea-
tre to the Renaissance time when two types of playhouse were
being standardized, the Jesuit activity emphasized al tendencies
toward a new playhouse without providing alasting structure of its
own. Onesort of stage used by the Jesuits in Holland, that of the
Rederijker societies, who had utilized it for the unveiling of
tableaux-vivants in the then novel "scenery,” is of interest his-
torically as suggestive of the change from the stage of the Italian
academy theatre to the typically modern proscenium-framed stage.

The theatre in Shakespeare's time, in England, is technically of
the Renaissance era. But its utter difference of design from the
types of ltalian Renaissance theatres already developed, which
were destined to determine the form of practically all the play-
houses of Europe (including England) within the 18th century,
mark it as unique. |t wasof immense importance for afew years,
then thrown away.

The sources go back to wide English activity in church plays
(fromthe early 13th century) ; then mystery playsin town squares
or market places, produced by the mediaeval guilds, most notably
on wagon stages; and, as the guild productions began to lapse,
secular drama offered by strolling players. Productions by the
strolling bands of actorsat town house or country castle had, even-
tually, a revolutionary effectupon the history of scene design, and
that was destined to determine the form of the English theatre
after the Restoration. But it was the production of playsin the
inn courtyard that determined the general form of the Elizabethan
playhouse.

The first theatre built in London was put up in 1576 by the
actor James Burbage. After use by many of the court-protected
acting companies, and for exhibitions of fencing, swordplay and
other sorts of " sport," it was demolished and its timbers utilized in
the construction of the Globe theatre. This is Shakespeare's play-
house, built in 1599, and its structure is known to modern students
in practically every detail.

The auditorium is the old innyard; though yard and balcony
rings have been rounded—or, like the exterior, made hexagonal.
In any case, the whole is doughnut-shaped; or, as Shakespeare
described it, a “woodden O.” The shilling patrons sat on the stage,
three-penny patrons had stools in the balconies, which were in
three tiers, while the groundlings stood in the yard, at one penny.
The stage platform jutted out into this yard and placed the actors
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amid an audience pressing round three sides of them. Some of the
declamatory element in the verse drama of the time can be ascribed
to this actors' intimacy with the audience and to a certain disorder
that would be inevitable among standees. It is not to be missed
that this was still a daylight theatre. |ts capacity, at a stretch,
was 2,000.

The stage is a jutting platform with a low railing, and it is
roofed. It isof the architectural type—that is, without provision
for change of scenery. But at the back are curtained recesses, in
three stories, and angled at the sides are two permanent stage-level
doorways.

There is a considerable amount of machinery, including trap
doors and a cannon that can be fired from a window at the top of
the tiring house. 1 n general thisisa very large stage for acting in
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FROM WATKINS, "ON PRODUCING SHAKESPEARE,"
DRAWING BY MAURICE PERCIVAL
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BY COURTESY OF MICHAEL JOSEPH LTD.

9.— THE GLOBE THEATRE

the round, yet fitted at the back for diversified effects o grouping
and with curtained openings for revealments, balcony scenes and
the like.

The Globe theatre is typical and most popularly known (fig. 9) ;
and all the others, the Theatre, the Swan, the Curtain, the Rose,
the Fortune and a small number more, approximated its architec-
tural features. The one contemporary picture of an Elizabethan
theatre is a sketch by a Dutch visitor to London, one Johann de
Witt, of about the date 1596. Allowing for possible inaccuracies
in the rough drawing, one may note the general accordance with
the Globe theatre plan, yet a considerable difference in the tiring
house features (fig. 10).

In Spain there developed at this time a somewhat similar court-
vardlike theatre. Where strolling players had earlier found suffi-
cient a hastily erected platform, backed by a blanket hanging
between poles, there now appeared the corral theatre. The "audi-
torium" provided galleries and balconied windows for important
spectators, while the unroofed but sometimes canopied pit accom-
modated standees and some seated patrons.

The stage never approached the elaboration of the English Globe
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or Fortune type. |t seems to have been merely a platform, un-
railed. jutting well into the pit. Behind was the tiring room, at
first no more than a curtained space, later developed for varied
"reveal" effects—and finally making concessions to the vogue for
illusory scenery.

The English theatres were closed immediately upon the Puritan
triumph of 1642. When others opened, 20 years later, they were
modelled, at least piecemeal, upon the Italian type. (And indeed
London had known, before the closing, one indoor candlelit play-
house, the Blackfriars, where Shakespeare played in James Bur-
bage’s company in winter; and at some undetermined date the new
foreign scenery was tried out there, as well as frequently in court
masques.) The Spanish corral theatres lasted longer.

Renaissance Theatre.— At amost exactly the time when
Shakespeare was entering the London theatre and Lope de Vega
was writing for the Spanish corral stage, Italian scholars and pa-
trons were coming to fullest activity in the revival of every aspect
of classic culture. The Renaissance spirit demanded construction
of theatres on the classic model. The earliest, that of the Este
family at Ferrara. no longer exists; but the second, a perfect exam-
ple, survives in the Teatro Olimpico at Vicenza This was built
by the Olympian academy between 1579 and 1584, and was de-
signed by the famous architect Andrea Palladio. It is, in effect,
a small Roman theatre roofed over and rendered more compact.
Palladio, acting upon his knowledge of the laws of classic architec-
ture as set down by Vitruvius (of the st century B.c.), saw to it
that the stage was commodious, that the five stage doorways were
in orthodox position and that the stage wall was covered with a
rich architectural show of pilasters, niches, statues and assorted
bric-a-brac (fig. 11). It was this decorated and encrusted stage
wall that was to survive in later theatres even up to the 2oth
century, at first as partial background to the action (asin the plan
of Inigo Jones, fig. 14), then solely as the ornamental proscenium
frame when the stage for changeable scenery had gone behind a
curtain.

While Italy had developed no type theatre to house the diverse
elements surviving from mediaeval religious plays and the activi-
ties of strolling comedians, the ruling families had cultivated two
tastes that influenced the next move in theatre architecture. The
one was for strictly classical plays, the other for pageantlike set-
tings and general scenic display.

Palladio had enlarged (beyond any known Roman model) the
central or palace doorway in the Olimpico stage wall. In 1585 his
pupil Vincenzo Scamozzi, yielding to the demand for scenic nov-
elty, built within this doorway a street in diminishing perspective,
and in each of the other four doorways lesser " perspectives."
Thus unwittingly he, more than any other, ended the era of classic,
permanent architectural backgrounds for acting and opened the
way to the stage with illusory setting, a type which was destined to
become universal. There would be no more serious talk of archi-
tectural stages and acting in the round until the early 2oth century.

As a matter of fact Scamozzi had not provided a changeable
make-believe setting. He had not even provided acting space
within the perspective. But a glance at the plan of a theatre built
by Scamozzi at Sabbioneta in 1588 (fig. 15), and at the plan by
Inigo Jones for a theatre never constructed (fig. 14), shows the
process by which the vista became the stage, the architectural stage
wall being reduced in importance until it was finally no more than
a proscenium frame. From one make-believe background (usually
a street, as specified by Vitruvius for his periaktos machine, for
tragedy and comedy, back in Roman times) the producers raced on
to movable backgrounds and to changes of setting within a single
play session or a session combining a classic play with the spec-
tacular intermezzi, or introduced masquelike episodes between
acts.

Localized stage setting had a long history behind it at this time,
albeit mostly on temporary stages. (See Stace DesiGN.) There
had been the station stages of the mystery and miracle plays, with
realistic scenes such as the famous "Hell mouth™; and picture
scenes in the masques at courts or in classic play revivals there,
including those perspectives based nominally upon Sebastiano
Serlio's interpretations of Vitruvius; even localized place roughly
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painted on the curtain of platforms used by the popular outdoor

comedians. But for the first time the architecture of the theatre
is radically changed to accommodate scenery.
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F1G. 10.—A DRAWING OF THE SWAN THEATRE BY JOHANN DE WITT ABOUT
1596, ONE OF THE FEW CONTEMPORARY SKETCHES OF THE ELIZABETHAN
THEATRE

aenir, 74

Thefinal stepisillustrated in the playhouse that is usually called
the first modern theatre, the Teatro Farnese at Parma (1618 or
1619), shown in fig. 16. Here the entire stage may be said to have
been pushed through the central doorway of the old stage wall,
the ornamentation of the Roman skene remaining only as decora
tion of what is now the proscenium arch—and a very impressite
display this residual element makes. The stage within is curtained
from the auditorium and is thus adapted to changing pictorial set-
tings. From this time on the curtained stage and proscenium arch
are unfailing features of the theatre. The plan of the Farnese
theatre is particularly interesting, too, as showing the entry d an-
other influence into the shaping of the auditorium. Instead of a
semicircular bank of seats, as illustrated in al the Roman and

Renaissance diagrams so far, the auditorium is U-shaped. This .

influence entered because the masques and court plays had been
produced largely in ballrooms or banquet halls, where one end of
the hall had been reconstructed for an auxiliary stage and the main
floor left free for dancing or as an arena for pageantry, etc. The
spectators were ranged around the three sides away from'the stage,
perhaps in chairs on temporary platforms, perhaps in balconies.
Architects combining this U-shaped auditorium with the curtained
proscenium-frame stage, pushing the bank of seats forward, soon
determined the theatre form that was basic thereafter — the horse-
shoe auditorium.

TheHorseshoe House— 17thto19th Centuries. — Itwas this
Italian plan that became the standard of theatre building through-
out the western world. conquering successively the French courts,
the courts of Austria, Bavaria and other countries to which the
Italian and French Renaissance influence extended, then England
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and indirectly America. Scenery was soon standardized so that
the wings and backdrop restricted the playing space to a wedge-
shaped section cf the stage floor; and the auditorium sidelines fol-
lowed the lines formed by the edges of the wings. The picture
scene persisted through two and a half centuries. with ever greater
elaboration. demanding larger and larger stages; and the audi-
torium half of the building kept its many-galleried horseshoe plan.

With variations toward rounder or squarer auditorium. the general

form persisted until late in the 19th century, from smaller court
playhouses to immense opera houses.

At first the arena portion of the auditorium was merely a flat
floor and consequently the best seats were not there but at the
front of the first balcony; and almost throughout the period of the
horseshoe theatre the main floor sloped but slightly, thus allowing
three, four or five superimposed balconies or galleries.

In the late decades of the 17th century there had occurred an
amazing spread of "the Italian idea," and the public theatres
everywhere came into line as soon as circumstances permitted. In
some countries, nevertheless, especially thosein which private thea-
tres, i.e., those of the court or nobles, constituted al the theatre
there was, the new buildings incorporating the stage fitted for wing
settings and the auditorium shaped like a horseshoe arrived lag-

ingly.

g IgnyFrancethere had been, in small number, tennis-court theatres,
a sort of feeble analogue to the English Elizabethan stage and the
Spanish corral theatre. France retained even after 1600 a type
of multiple-station setting inherited from the outdoor religious
plays. Its stage was hardly more than a "shelf for acting.” But
as far back as the mid-16th century there had been court occasions
when Italian artists?stage machinists and settings had been im-
ported by the French; and in the early r7th century the Italians
were putting in full-rigged stages for the French kings, in palace-
ballroom theatres.

A painting of King Louis XIII at a performance in Richelieu's
ballroom theatre (later the Théatre du Palais Royal) is typical of
this sort of transitional playhouse. In France the Italian prosce-
nium and the Italian operatic setting thereafter remained standard,
and as the ballroom auditorium was given up, the horseshoe audi-
torium was to appear in both private court theatres and in the
larger public houses.

The English theatres of the Restoration period were of similar
kind. Inigo Jones, who had studied classic ruinsin Italy, who had
made copious notes on everything Palladian and especialy the
Teatro Olimpico, designed adaptations of the vista stage and the ar-
chitectural proscenium, and he staged masques at court. The next
step is illustrated in a famous set of engravings (dated 1673) of
the stage and its "very elegant frontispiece" in the Duke's theatre
in Lincoln's Inn fields (the second house of the name). It shows
the typical "elegant” proscenium and a full set of Italian-style in-
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FiGg. 1.—DRAWING oF THE STAGE WALL OF THE THEATRE OF THE OLYM-

PIAN ACADEMY. VICENZA, IT., SOMETIMES CALLED THE PALLADIAN THE-
ATRE AFTER ITS ARCHITECT. ANDREA PALLADIO (1518~80)

door and outdoor settings. | n the transition to the horseshoe audi-
torium, however. the English were sloner to give up certain ad-
vantages of the pre-Restoration playhouses. An apron stage or
forestage in front of the curtain, with a doorway or dooraays (up
to three) for actors' entrances on either side, remained a feature
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until the late 1gth century. The pit for standees or with benches
remained too, the quality seats being all in boxes and galleries
above.

Christopher Wren (1632~1723) drew what seems to be the
earliest plan of an English theatre with a true horseshoe audito-

FIG. 12.— PLAN OF THE THEATRE OF THE OLY”I\’APliAN ACADEMY
rium. This may have been a study for the Drury Lane theatre of
1674. With the opening of the equally famous Covent Garden
theatre in 1732, the French-Italian type of theatre may be said
to have become wholly acclimated in London. Pictures o the
interior of Drury'Lanein 1795 and again in 1842 (rebuilt) show
how the progress ended. 4 well-known painting of the Park the-
atre in New York city in 1822 reveals how closely America fol-
lowed the English type; though there the builders omitted an
auditorium feature that had become standard in most European
houses: a tier or tiers of boxes adjoining the proscenium frame at
the ends of the balconies or galleries. |n the English theatres these
boxes looked down on the forestage or apron (as they had in one
of the earliest Venetian opera houses in the early part of the 18th
century; as they did occasionally in France when the stage jutted
before the curtain line); but more often the boxes gave but an
awkward and incomplete view of the action.
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FIG. 13 — ELEVATION BY INIGO JONES OF A WIDENED CENTRAL VISTA.
DESIGNED TO GIVE A PICTORIAL BACKGROUND AND PROVIDE ACTING
SPACE WITHIN THE VISTA

One other transitional building must be mentioned: the famous
Schouburgh in Amsterdam as shonn in an engraving dated 1638.
In a rough semicircle backing the acting platform are apparently
some relics of the simultaneous or station stage of the mediaeva
mystery plays. centring in a construction not unlike the outdoor
Rederijker stages, but with openings for vistas and, well forward,
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provision for a curtain to veil changes. But Holland was soon
moving into the international current and the history of its thea-
tres after 1750 islittle different, architecturally, from that of other
European countries.

These and many lesser exceptions aside, the horseshoe play-
house, arriving as a type in the late 17th century, dominated thea-
tre building through the 18th century and the 1gth. It iseasy to
visualize it in terms of the great and regally decorated monuments
such as the San Carlo Opera house in Naples, La Scala in Milan,
Drury Lane, the Théitre Francais, the Burgtheater (originaly
the Hofburgtheater) and the
Operain Vienna, the Paris Opéra
and New York's Metropolitan
Opera house.

With the great multiplication
of commercial theatresin thergth
century, effort was sometimes
made to equal the architec-
tural showiness of these monu-
ments, but more often to dupli-
cate their plan on a smaller scale.

Practically al descriptions of
Renaissance and later theatres
begin with accounts of the stage
arrangements and the plan and Z
appointments of the auditorium ° %
interior. The exterior architec- L s °
ture is seldom mentioned. So L '
many post-Roman theatres at
first were constructed inside ex-
isting buildings that there was seldom a concern for facades. If
at court, a ballroom or a courtyard was assigned. "Public" the-
atres were sgueezed into. among other buildings, tennis courts
(which were roofed in those days), innyards, even bear-baiting
"gardens" and riding schools and warehouses. The grander con-
tinental theatres of the 18th and 1gth centuries were, however,
erected as independent entities, often dominating a small park or
city square.

Palladio. Inigo Jones, Christopher Wren, Gottfried Semper and
Karl Friedrich Schinkel were architects who came to be associated
with theatre projects. But there emerged no theatre style, unless
it was a species of Baroque as brought in :
by the scene designers and architects of the
Galli daBibienafamily in thelate 17th and
the 18th centuries. They practised inter-
nationally. The style, debased into French
Rococo, found new release in the Paris
Opéra built about 1870 by (Jean Louis)
Charles Garnier. Between 1700 and 1870
more sober architects had fitted their the-
atres with casings designed in whatever
derivative style was in vogue at the mo-
ment. [talian Renaissance had come first,
then Baroque, followed by the softer
French Renaissance and Rococo, and
through the cycles of Greek Revival and
Roman Revival.

Unfortunately the capital cities of the
world. and especially those of the royal and
ducal courts in Europe, felt that the Gar-
nier monument, the Paris Opéra, chef-
d'oeuvre o lavish Rococo or showy Expo-
sition architecture, was a model perfectly
suited to house the art of the theatre and
a regal achievement to be jealously copied.
Official theatres from the Royal theatre at Wieshaden (1894) and
the National theatre in Prague (1883) to the National theatre-in
Mexico City (2oth century) emulated this “style,” at least so far
as the sumptuous air and overdecoration aere concerned.

It isa melancholy truth that pictures of theatres seldom appear
in books illustrating the history of the art of architecture, so non-
descript are the outward appointments. A few monuments con-
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FIG. 14— PLAN OF FIG. 13
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FIG. 15.— PLAN OF NAR-
ROWING  VISTA. THE-
ATRE AT SABBIONETA,
IT, BUILT BY SCAMOZZI
IN 1588
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sistently stylized are exceptionsto the rule: Schinkel’s Schauspiel-
haus in Berlin, severely classic; the somewhat stodgier Opera in
Vienna, in controlled French Renaissance; and somewould say the
Haymarket theatre in London.

Theatr esof 1900-30.—The main changesin the construction of
early 20th-century theatres, when the builders of commercial
houses became leaders, were the
exclusion of all but one balcony
and the steeper tilting of the
main floor, thus throwing the best
seats into the orchestra. It had
been noted that the horseshoe
form provided a considerable
number of bad seats, in the pro-
scenium boxes, at the gallery ends
and even at the ends of the or-
chestra rows. The proscenium
boxes were therefore generaly
abolished, then all the side gal-
leries; and the auditorium, in re-
lation to the proscenium frame,
was narrowed and eventually was
made fanlike.

With the coming of more real-
istic standards in stage setting,
with the disappearance o the
old-style painted wing settings
and the appearance of the box set

FiG. 16.—PLAN OF THE TEATRO

FARNESE, PARMA, IT. (1618-19), (fgr nteriors at least), the old
?/’;ILELED THE FIRST MODERN THEA- ViStalineS, marklng the edges of

the wings or flats, no longer
needed to determine the auditorium sight lines.

The Germans were the first to reform the horseshoe auditorium,
and the finer monuments of the simplified style are in Germany;
but the American theatres built after rgoo were generally in the
new idiom. In France and Italy the 18th~1gth century tradition
persisted more stubbornly. The contracted orchestra remained
and the best seats (for seeing the play) werein slightly raised rings
of loges and in the front of the first balcony just above.

A remarkable example of advanced thinking about theatre de-
sign had occurred in 1876, when the Wagnerian Festspielhaus at
Bayreuth in Germany was constructed. The architect was osten-
sibly Gottfried Semper, but it was Wagner who sketched out (in
words at least) the requirements that led to the revolutionary fan-
like auditorium. He demanded that every spectator face directly
into stage space and have sight into full stage depth—so that
only a bank of seats, the rows slightly curved, could be utilized.
The full plan of the revolutionary building is shown in fig. 18.

FIG. 17.— PLANS OF THEATRE DESIGNS USED FROM MIDDLE i?TH TO LATE
19TH CENTURY: (A) DRURY LANE. LONDON. (B) THEATRE FRANCAIS, PARIS
(1790). (C) LA SCALA, MILAN (1778)

I'n Germany the impulse was taken up by Max Littmann and he
became the outstanding theatre architect of the early 2oth century.
His Prince Regent theatre in Munich, his Schiller theatre in Char-
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lottenburg, Berlin, and his Kiinstlertheater in Munich, al with
simplified banks of seats, had influence throughout Europe and the
United States. The Kiinstlertheater especially delighted the gen-
eration of young theatre artists who became disciples of Adolphe
Appia and Edward Gordon Craig in the decade after 1915. Its
chaste exterior in modern style and its simple interior, with the
single, rather steeply sloping bank of seats, as seen in fig. 19,
seemed perfectly fitted to the ideals of the new stagecraft. Litt-
mann experimented also with adaptable proscenium frames in an
effort to take advantage of the enlarged possibilities in the field
of stage lighting, One of the most impressive of 20th-century
theatre fagades, this marking a return to classic motifs, is that of
Littmann's State theatre in Stuttgart, a building group actually
housing two theatres. |n the hands of other German architects the
simple bank of seats was modified to a form less severely wedge-
like. Oskar Kaufmann adapted the Wagner-Semper idea to alarge
theatre (with animmense " space stage™) in the Volksbiihne or Peo-
ple's theatre, a socialy advanced

I“D—I co-operative theatre in Berlin
_H o] (fig. 20B). His Kroll Oper in

Berlin added to the wedge of or-
] chestra seats some useful rem-
i nants of balcony boxes and gal-
lery, for greater seating capacity,
without impairing the atmos-
phere of spacious modern decora-
tion or the utilitarian sight lines,
and in the Volksbuhne he only
modified the old-time three gal-
leries. At Stratford-on-Avon in
England the new Shakespeare
Memorial theatre built in 1932
FiG. 18.—PLAN OF THE BAYREUTH fg|lowed closelv the German re-
FESTSPIELHAUS, GOTTFRIED SEM- form models, &Gpe(‘,lally those of
PER. ARCHITECT. THE FAN SHAPE Littmann.
WITH STRAIGHT SIDES AND A WIDE . .
SPLAY WAS USED In America the squeezing out
of balcony, gallery and boxes
was a slower process; at any rate there were fewer examples than
in Germany of the total reform of the horseshoe-and-hencoop au-
ditorium. But soon after 1goo the American commercial theatres
had got well along toward a standard fan-shape plan. The orches-
tra, enlarged and scientifically tilted, contained the best seats.
Above this at the back there was one balcony. Metal construction
and modern engineering made it possible to dispense with the
troublesome pillars and posts that had been all too conspicuous in
many earlier examples.

In large cities, especially New York, where ground value was
an overwhelmingly important consideration, the commercia the-
atres were commonly built with shallow stages, wider proscenium
openings and wider auditoriums. Ingenious solutions were found
to the problem of fitting such a house to small and sometimes ir-
regularly shaped sites. Standard fire laws imposing the necessity
for a certain number of aisles and adjacent doorways and certain
types of fire escape, laws not kept up to date in view of progress
abroad, hampered American architects.

There were, however, theatres in New York early in the new
century which approached the German " modern™ standard. Three
may be briefly described as typical. The Little theatre, opened
in 1912, circumvented the laws that hampered neighbouring play-
houses because its seating capacity (originally) was only 299. In
basic plan and outline it approximated the most advanced houses
abroad, as indicated in fig. 20A.

In 1927 there opened the Ziegfeld theatre, which was intended
to be a model American theatre for large musical productions.
One of its two architects, Joseph Urban, had been intimately con-
nected with reform theatre and art movementsin Austria and Ger-
many before settling in Americain rg11. He planned the Ziegfeld
theatre technically on the latest continental models and decorated
it gaily because it was particularly designed for musical shows of
the "Follies” type. Joseph Urban also designed theatres for mov-
ing pictures— but these, with their different requirements, are part
of another story.
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The builders of the Guild theatrein New Y ork, after assembling
advice from a great number of modern stage designers and archi-
tects, provided a house undistinguished in its decorative features
but logically adapted to modern methods o staging and affording
a fair view from every seat. The longitudinal section and plan
of the orchestra floor, fig. 21, indicate that at this time the last
vestiges of the 19th-century horseshoe auditorium with boxes had
been exorcised.

The one feature at first glance apparent in these three Ameri-
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“DAS MUNCHENER KUNSTLER THEATER"

FIG. 1S.— SECTION OF MUNICH KUMSTLERTHEATER, SHOWING THE STEEPLY
SLANTING FLOOR

FROM LITTMANN,

can theatres, as distinguished from the same type as developed
in Germany, is the breaking-up of the orchestra with two aisles.
In Europe theatre architects traditionally have allowed more space
between rows of seats, and entry to each row is from the ends.
Thus the modern orchestra was one solid bank o seats (fig. 20B).
The less generous allowance of space to each seat in America,
added to the very strict laws about access and exit (after disas-
trous fires), brought about the specifying of a certain number of
aisles per length of seat row.

Except for the breaking-up of the banks of seats, the American
theatre of the early zoth century seemed simpler in plan than
the German. There were smaller lobbies, fewer vestibules and
social rooms and the dressing rooms for actors were relegated
to positions above or below the orchestra level. This again was
due to excessive ground cost in the large cities.

The great accumulation of machinery for changing scenery,
which had grown and grown since the days o the Italian and
French Renaissance ballroom theatres, reached a peak about 1go0;
and machinery for electric lighting had then become complicated
and cumbrous. A building such as the Paris Opéra might have
as many as eight floors (or the equivalent space) above and below
stage to facilitate handling of scenery; and as late as rgo1 Litt-
mann built the Prince Regent theatre in Munich with extraordi-
nary over-stage and under-stage space— contrasting strangely with
the simplified single-bank auditorium. But when the ideals of
Gordon Craig and Adolphe Appia found wide support, especially
as to the de-emphasizing of scenery and the need for an artist-
director as co-ordinator of all the elements of production, a new
simplification of stage equipment was initiated. There was con-
siderable experimenting with turntable or revolving stages, with
wagon and elevator stages and with other devices caculated to
effect changes of scene quickly and so to do away with the stage
housein which painted flats were "'flied" or hung (from, technically,
the gridiron). This house above stage had been a bother to archi-
tects who wanted to afford a consistent period look to the exteriors
of their theatres. But it must be said that the reform movement
of 1910-30 failed to relieve the theatre of the high storage build-
ing for hanging flats and curtains, though it did bring in a great
deal of simplification of stage machinery. In the same yearslight-
ing engineers developed equipment of almost miraculous vari-
ability, flexibility and delicacy, the whole controlled from a single
switchboard.

The latest of the historic type theatres was, then, this house
that took shape especially in Germany, alittlelater by reflectionin
America. In the end, hardly a country in the western world es-
caped the influence. France, England (where the new stagecraft
was very slow in gaining converts), Scandinavia, Czechoslovakia
and many another country might yield pictures of similar, if gen-
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erally later houses. Most would show an exterior indicating the
basic nature of the division of space within: auditorium lower
than of old, with towering stage house at back; within, a bank
of seats, on a floor uniformly sloping or slightly saucer-shaped,
more tilted than during the horseshoe period, restricted at the
sides along lines determined by the edges of the proscenium portal
(which, of course, had lost most of its ornamentation). And there
was one balcony —generally. This might be called the conformist
theatre of, say, 1930.

Nonconformist Theatres, 1915~35.—Between 1915and 1935
there was an unprecedented ferment of ideas about “new” ways of
staging plays. Revolutionary opinions, especially about bringing
the actor clear of the old clutter of painted scenery, clear even
of any contrived setting, were heard in many countries. Indi-
vidualistic plans for new theatres, mostly starting from the premise
that the proscenium-frame playhouse was due to be scrapped, were
committed to paper —and sometimes became the basis of actual
buildings. Since no type theatre was widely established, al this
effort must be summarized very briefly.

First of all, there was agitation for a return to the architectural
stage. The Elizabethan or Shakespearean theatre was most often
thrust forward as a model, though this must be put down as far
more than a revivalist activity. Probably the first attempt to
recapture the intimacy and vividness o forestage acting before
an unchanging architectural structure was that of Karl Immer-
mann, who built his " Shakespeare Stage" at Diisseldorf in 1840.
Similar projects were under discussion during the decades follow-
ing; but only after 1910 were theatres with architectural stages
built in any number —and then only by the little theatre groups.
The most professional and by far the most fruitful artistically
of the permanent-stage theatres was the Théatre du Vieux Colom-
bier in Paris. The animating genius there was Jacques Copeau,
the wisest and most lovable of al the members of the group of
idealists and reformers in Paris. Associated with him was Louis
Jouvet. The Vieux Colombier stage was a very free adaptation of
Elizabethan models. A number of interchangeable elements or
units were added, in the nature of screens, sections of stairs, cur-
tains, etc. Yet with al its possibilities of change of mood in set-
ting, it had no provision for the picture scene. For a few years
it was the world's foremost progressive stage.
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FIG. 20.— EXAMPLESOF FLOOR PLANS CF EARLY 20TH-CENTURY THEATRE
BUILDINGS: (A) THE LITTLE THEATRE, NEW YORK CITY: HARRY C. INGALLS
AND F. B. HOFFMAN. JR., ARCHITECTS. (B) VOLKSBUHNE (PEOPLE'S THEA-
TRE), BERLIN; OSKAR KAUFMANN, ARCHITECT

Adolphe Appia never had a theatre of his own, but his drawings
of simplified and mood-creating stages cannot be overlooked as
influences. So too, in America. Norman Bel Geddes published a
considerable number of plans for "theatres of the future."” He,
too, failed to see any planned playhouse built, but his drawings
of scenes as they would bein circular or circuslike theatres— that
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is, theatres in the round— encouraged the longest-lasting impetus
carrying on from the 1915-35 period; 7.e., production in the round.

What is generally termed the space stage does not necessarily
demand abolition of the proscenium arch. It is only that the
space within which the actors appear is darkened and the figures
are picked out by localized light. The settings, if any, are frag-
ments of wall or possibly a hummock or a small platform with
steps— never a full stage picture. Perhaps the finest staging of
the sort was accomplished at the Volksbiihne in Berlin during the
19208, ONn a proscenium-framed stage.
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For production in the round, in the full sense, there were and
are innumerable improvised theatres. |n these the audience sur-
rounds the acting platform on at least three sides, if not full circle.
As a matter of fact, the one great exemplar of this type of theatre
failed considerably of closing the circle; but in the Grosses
Schauspielhaus in Berlin (constructed in a circus building) Max
Reinhardt presented many extraordinarily vivid productions. He
dramatically utilized the immense forestage to keep his actors in
intimate contact with the spectators, but he took advantage of an
inner regular stage too.

In the United States the testing of new ways of staging, in
the face of a great decline in production at the commercial thea-
tres, fell to the university and little theatres, or to the few com-
munity theatres. But the best of the community theatre houses,
notably those at Pasadena, Calif., and Cleveland, O., were built
within the proscenium-stage type. Certain of the university play-
houses are perhaps the finest theatres in America— say those at
the University of lowa, lowa City, the University of Wisconsin,
Madison, and, a little older in type, Yale university. But these
too have the proscenium frame.

Nowhere in America, indeed, has experimental staging led to
the building of nonconformist houses as important as the Théatre
du Vieux Colombier or the Grosses Schauspielhaus. The Russian
producers, who were the world's foremost adventurers in new ways
of staging between 1920 and 1935, fitted some of their improvised
theatres with forestages and some with banks of seats not unlike
Greek theatre auditoriums; but there is no report of a standardized
new type of house.

Most heralded was the Theatre of the Young Spectator, or
more simply the Children's theatre, in Leningrad, which seated
600 spectators in a semicircular Roman-type auditorium, with an
enlarged orchestra pit arena, a forestage and small inner stage.
The constructivist type of setting, which is considered especially
an invention of the Russians, demands no more than a stage with
a decently wide proscenium portal, though it can be fitted upon
a forestage or in an arena as well.

All these individualistic theatres, and the theories behind them
—theories looking forward to the elimination of the proscenium-
frame house (and the "peephole stage™ that especially repre-
sented late 19th-century realism)—all these developed before
1935. They represent historic advanced thought about theatre
architecture asit existed before World War I1.

BisLiocrapHy.—In English one book is outstandin% as regards
physical changes in the theatre's form: Allardyvce Nicoll, The Develop-
ment of the Theatre, 3rd ed. rev. and enl. gNew York. London, 1948).
It is profusdly illustrated, particularly in the areas d Roman, érwk
and English “playhouses. See aso” George Altman, Ralph Freud,
Kenneth"Macgowan and William Melnitz, Theater Pictorial: a History
o World Theater as Recorded in Drawings, Paintings, Engravings,
and Photographs (Berkeley, Calif., 1g53; Cambridge, 1934). This'is
primarily a collection d Scenes and” settings, but "includes views d
Stages and auditoriums, with historical notes. Notable as offering, in
a monumental work, views and plans d the theatre d one era is
Edwin 0. Sachs, Modern Opera Houses and Theatres, 3 vol. (London
1896-98) ; it memoridizes the regal-display, horseshoe houses an

the innings of the German reform movement. Succinct and
useful still is"Martin Hammitzsch, Der moderne Theaterbau (Berlin,
1906). [For further guidance the researcher should consult Nicoll’s

book, which includes extensive bibliographies. S C=ue)

DESIGN AND CONSTRUCTION OF MODERN
THEATRES

Since the Renaissance the design and construction of theatres,
their auditoriums and their stages, have been determined by three
factors: (1) the relation of the actors to the stage and the stage
setting; (2) the relation of the actors to their audience, as influ-
enced by methods of acting and stage setting; and (3) the size
and social status of audiences which patronize theatres and make
them popular and potentially profitable.

As these factors change, the essential parts of a theatre change
with them. namely the stage itself, including its apron or forestage,
the dimensions of the stage house or backstage, the plan and seat-
ing arrangements of the auditorium. It is therefore necessary to
summarize briefly the development of theatre architecture by way
of understanding how the basic elements of theatre design func-
tion.
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No innovation, modern in its own day, has ever been wholly
original. Eachin turn has revived and modified theatre structures
of earlier epochs. The first Renaissance theatre, the Teatro Olim-
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BY COURTESY OF "THEATRE ARTS" MAGAZINE
FIG. 22.---CLEVELAND PLAYHOUSE. 1927. SMALL AND ROWLEY. ARCHITECTS

pico at Vicenza (1584), used the steeply pitched, semicircular
arena seating of the Roman theatre and simplified its elaborate
architectural facade back of the platform on which the actors
played, piercing it with three portals through which vistas of
streets in perspective could be seen. In the Teatro Farnese at
Parma (c. 1618)) the stage had a single wide curtain in an orna-
mental frame, the proscenium, which became a permanent part
of theatre design for three centuries in every royal, state or com-
mercial theatre in Europe and the United States and remains one
prevalent type of stage familiar to every theatregoer.

The auditorium of Wagner's Festspielhaus at Bayreuth, a revo-
lutionary innovation in 1876, reproduced amost exactly the seat-
ing arrangements of the Teatro Olimpico. Max Reinhardt, for his
Grosses Schauspielhaus, Berlin, 1919, remodelled an existing cir-
cus arena, using it for much of the action of his spectacular pro-
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FIG. 29.— PLANOF THE CLEVELAND PLAYHOUSE

ductions, and added a bare platform stage at one exd—a combi-
nation of a Roman gladiatorial arena and @ Roman theatre. The
Volksbiihne in Berlin adopted the same general scheme. Entrance
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doors or portals at either side of the proscenium opening, a stand-
ard feature of London theatres throughout the 18th century, were
revived at the Provincetown playhouse, New York city (1gzj),
Smith college, Northhampton, Mass. (1928), the University of
Wisconsin theatre (1939) and at numerous other college theatres.
Reproductions of the Shakespearean stage, either replicas or modi-
fications of the basic structure of the Globe theatre or the Cur-
tain theatre, were built at the Folger library, Washington, D.C.,
the Shakespeare Memorial theatre at Stratford-on-Avon, Eng., and
at Stratford, Conn. The theatre designed for the Cologne exhibit
of modern architecture, 1914, was permanently divided in three
parts that could be used simultaneously or closed of by curtains
in alternation; it revived the simultaneous settings of the Hotel
de Bourgogne, Paris, 1609, and the arrangement of the wagon
stages on which allegorical tableaus were performed in the streets
of Flemish and French cities during the 16th and 17th centuries
for the festivities that greeted visiting royalty. The semicircular
extended forestage of the Civic theatre, Malmo, Swed., 1944, is
similar to forestages used for ballet interludes at the Drury Lane
and the London Opera house, c. 1809. Modern directors' who
deride the proscenium stage as a mere peep show and have estab-
lished theatresin the round, where actors are encircled by the audi-
ence, in turn revive the actor-audience relationship of the primi-
tive ritualistic performances of Africa and Asia

Influence of Popular and Literary Taste.— The popularity
of the proscenium was originally due to another Renaissance inno-
vation— architectural and landscape vistas, receding to a vanishing
point within a picture frame, established by the masters of Renais-
sance painting. The first perspective stage settings were three di-
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UNIVERSITY THEATRE, STATE UNIVERSITY OF
IOWA, IOWA CITY. G. L. HORNER AND R. C. SANBERG. ARCHITECTS

mensional, but the illusion of vast distance in a limited space was
soon heightened by painted perspectives of soaring vaults and
colonnades, as in the designs of a great family of Baroque artists,
the Calla da Bibienas.

At the same time, directors, playwrights and audience were
eager to witness spectacular productions with many changes of
scene. Moliére, who supposedly declared that al he needed to
stage a play was three boards and a passion, as a theatrical mana-
ger reconstructed the Palais Royal theatre, occupied by his com-
pany, in order to accommodate elaborate scene-shifting machinery.
The royal theatre was known as the Hall of the Machines and a
favourite effect was the gloire or apotheosis, in which as many as
30 0r 40 actors, costumed as Olympian deities, were seated on plat-
forms masked with tinsel rays and silhouettes of clouds; these were
lowered and suspended in mid-air above the stage as a spectacular
finale to a performance.

Where scene shifts were originally made by sliding flats on and
of stage in a series of grooves or slots, the increasing weight and
elaboration of stage settings required machinery for lowering scen-
ery and hauling it out of sight. Before the middle of the 1gth
century the grooves became obsolete. Backdrops, platforms or
flats were suspended overhead from beams, the flies. counter-
weighted with sandbags and lowered into place on hemp lines, tied
of to apinrail or fly gallery, similar to the system used for handling
the rigging of sailing ships. With the substitution of a metal grid-
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iron and a pinrail at stage level, this counterweight system remains
a permanent part of stage equipment. For efficient useit requires
a sufficiently high stage house and thus determines one important
building cube in theatre construction.

The spectacle of a performance was not confined to the stage.
The auditorium plan adopted was U-shaped with shallow tiers of
balconies or boxes where, during the intermissions, the socialy
élite, plutocrats or the nobility, could display themselves and be
seen by the commoners or bourgecisie seated on the orchestra
floor. This remained the prevalent plan for theatres and opera
houses throughout the 1gth century; the first tier of boxes at the
Metropolitan Opera house in New York city was known as the
" diamond horseshoe."

This basic plan was modified by three trends: the decline of
the aristocratic or titled classes as a political and socia influence;
the rise of democracy; and the introduction of iron and steel in
building construction. Deep cantilevered balconies increased the
number of theatre seats and improved their sight lines. These,
with a realignment of orchestra seats in a fan-shaped or f|attened
arc, became the basic elements of a theatre plan.

Two other developments, one technical and one literary, also
modified theatre design. The first was the introduction of gas-
lighting in the 1850s and of electricity in the late 1870s. Until
then the principal source of illumination consisted of huge candle
chandeliers, usually three, hung directly in front of the proscenium
arch; by comparison the stage itself was dim. Actors came for-
ward in order to be seen, and the prevalent rhetorical style o act-
ing in classic and romantic drama reinforced this tendency, tirades
and soliloquies being delivered directly to the audience as verbal
arias. The second development was the growth of realistic play-
writing. With this and the introduction of the box set, the
proscenium opening became an invisible fourth wall; behind it the
actors moved in factual reproductions of palace halls, living rooms,
cafés, kitchens or hovels. The illusions of painted perspective
seemed artificial, destroying the new illusion of reality which, both
in theory and practice, became the artistic goa of directors and
playwrights. As aresult, stage settings became increasingly archi-
tectural with built columns: cornices, doorways, stairways and
balconies and even mythical sites monumental in scale.

In consequence theatre technicians and architects of German
and Austrian state and municipal theatres enlarged the stage house
and equipped it with elaborate machinery for handling and shift-
ing stage settings.

In the Dresden Royal theatre Max Littmann divided the entire
acting area with three elevator stages that sank to cellar level
where wagon stages (on rolling platforms), each containing an
entire setting, were speedily dlid into place and raised to stage level.
Similar shifts could be made at stage level. Another technician,
Karl Lautenschlager, introduced the revolving stage, used in the
popular theatre of Japan, a turntable at stage level, and enlarged
it to hold several settings which could be rotated into view. The
depth of the stage was increased to house plaster domes that, un-
der diffused lighting, replaced sky drops and heightened the illu-
sion of atmospheric depth.

The Declining Professional Theatre.— No important con-
tribution to theatre design was made in the theatres built in New
York city between 1903 (the Lyceum) and 1927 (the Ethel Barry-
more). The total number of such legitimate theatres in operation
(i.e., for the production of plays or musica comedies) dwin-
dled steadily in and after the 1930s, many having been de-
molished or converted into motion-picture houses or television
studios. These "Broadway" theatres, crowded into an area
roughly haf a mile square, with capacities ranging from 500 to
slightly more than 1,700 seats, were built on expensive, centrally
located real estate with costs of construction running from $500,-
000 to $1,000,000. As a result, plottage was reduced to a mini-
mum, and with the exception o the Guild theatre and the Zieg-
feld the stages were constricted in width, depth and height and
lobby and promenade space was inadequate. Facades were a
pastiche of some historic style such as Georgian or Hispano-
Moresque or a hybrid combination of several.

I'n order to encourage theatre building, the New Y ork city code
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was revised so that a theatre could be made part of a larger office
or business building, thereby enabling it to carry only a portion
of the real estate: maintenance and construction costs of any site.
The Resurgent Amateur Theatre.— The total number of
professional theatres throughout the United States, housing either
local stock companies or Broadway plays on tour. also dwindled
during the same period to scarcely more than 200 by the 1960s.
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FIG. 25.—SARAH LAWRENCE COLLEGE THEATRE, BRONXYILLE, N.Y., MARCEL
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(In 1885 there were more than 5,000 theatres in about 3,500
towns and cities.)

During approximately the same period, the number of college
and university theatres increased to aimost 2,000. It was in this
field, including the allied one of civic centres, that modern theatre
architecture had progressed by mid-century. Notable examples
were the Pasadena Community playhouse (1925), the Yale Uni-
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versity theatre (1926), the Cleveland playhouse (1927), the Kala-
mazoo (Mich.) Civic auditorium. (1931), the Avery Memorial,
Hartford. Conn. (1934), the University of lowa (1935), the Uni-
versity of Wisconsin (1939), Oberlin (O.) college (1953), Sarah
Lawrence college, Bronxville, N.M. (1951}, and the University of
Arkansas, Fayetteville (1950).

Such theatres give an opportunity for integrated planning and
functional design. The commercial theatre, crowded into a con-
stricted plot between business buildings, was and is nothing more
or less than a boarding house, rented to temporary tenants who
have either to provide the excess profits of a ' smash hit" or vacate
the premises.

On the other hand, college and civic playhouses. like the munici-
pal and state theatres of Europe, are considered of enough cultural
importance to be endowed. Exterior design becomes not a mat-
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Theatre of Dionysus, Athens, showing the paved orchestra enclosed within a low wall, an addi-
tion which was made to the original Greek structure by the Romans about A.D. 54—68

Cavea (seating area), orchestra and (right) ruins of the stage
buildings of the Greek theatre at Epidaurus by Polyclitus, e,
340 BC

o

Stage and frons scaenae (front wall of stage building) of the Remains of the Roman theatre on the shore of the Mediterranean sea near Tripoli, Libya,
partially restored Roman theatre, Orange, France: c. A.D. 50 dating from the 3rd century AD. The cavea seated 5,000 persons

Teatro Olimpico, Vicenza, Italy, a theatre designed in the Roman man- Permanent architectural frontispiece of the Farnese theatre, a Renaissance court thea-
ner by Andrea Palladio and Vincenzo Scamozzi, 1580-85 tre at Parma, Italy; designed by G. Aleotti, 1618

GREEK, ROMAN AND RENAISSANCE THEATRES

PHOTOGRAPHS. (TOP LEFT! N. HADJISTYLIANOS, (TOP RIGHT) ALISON FRANTZ. (CENTRE LEFT! PAUL ALMASY, (CENTRE RIGHT) UNITED PRESS INTERNATIONAL, (BOTTOM LEfT) . E. KIDDER
$MITH, (BOTTOM RIGHT) FOTOCELERE, TURIN
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The Petit Bourbon, Paris, as illustrated in the Anne of Austria, Louis X!} and Cardinal Richelieu at a performance in a 17th-century French theatre, prob-
frontispiece by J. Patin to Baltazarini's Balet ably the Théatre du Palais Royal, Paris

comique de la Royne, 1582

i

u‘W

Interior of a baroque theatre, from a painting ascribed to one of the Theatre Royal, Drury Lane, London, adaptation by Robert Adam in 1775 of Christo-
Galli da Bibiena family, 17th-18th-century lItalian artists pher Wren's 1674 building. After an engraving by Adam, figures corrected in ac-
cordance with scale drawings in Soane collection

The Theatre Royal, Bristol; J. Paty, 1766. This building in its original form View of the six semicircular tiers of boxes (loges) in the La Scala opera
closely resembled Wren's Drury Lane house, Milan, Italy; 1778

RENAISSANCE AND POST-RENAISSANCE THEATRES

BY COURTESY OF (TGP LEFT) THE TRUSTEES OF THE BRIIISH MUSEUM TOF RIGHT CAISSE NATIONALE DES MONUMENTS HISTORIQUES PAR(S, rCENTRE LEFT) THE TRUSTEES OF THE NATIONAL
GALLERY LONDON; PHOTOGRAPHS, (CENTRE RIGHT) 3 CHAXD LEACROFI, (EOTTCM LEFT) ARCHITE TURAL REVIEW, (BOTTOM RIGHT; EXIO PICCAGLIANI
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The interior of the Theatre Royal, Drury Lane, London, as rebuilt by Henry Holland in 1794.
From a water colour by Edward Dayes (1763— 1804)

Interior of John Brougham's Lyceum theatre, New York city; Cross-sectional drawing showing the interior of the Prince Regent theatre, Munich, designed
1850. From an engraving by J. C. Taylor, 1863 by Max Littmann, 1901

THEATRES OF THE 18TH, 19TH AND EARLY 20TH CENTURIES

BY COURTESY OF (TOP) GEOFFREY W. G. AGNEW; PHOTOGRAPHS5. (BOTTOM LEFT) CULVER PICTURES [N¢

. (BOTTOM RIGHT) FROW SHELDON CRENEY ‘THE THEATRE, THREE THOUSAND YEARS OF
DRAMA, ACTING AND STAGECRAFT'
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The Guild theatre, New York city, which illustrates the type plan that became
standard for picture-frame theatres. Architect, C. Howard Crane; 1925

The Ziegfeid theatre, New York city, showing the ornate décor in the
auditorium. Architects, Joseph Urban and Thomas W. Lamb; 1927

The Grosses Schauspielhaus, Berlin, a circus building converted into a theatre
for Max Reinhardt. Architect, Hans Poelzig; 1919

) . N | e -
The Kiinstlertheater, Munich, in which the seating was designed with a The project Theater #14 designed in 1922 by Norman Bel Geddes for a theatre
constant rise of steps from front to rear. Architect, Max Littmann; 1908 proposed for the Century of Progress exposition, Chicago (1933-34)

EARLY 20TH-CENTURY THEATRES

EY COURTESY of (TOP LEFT) DRIX DURYEA (CENTRE RIGHT) MCRRIS GEST, (BoTTow LEFT) MAX LITTMANN, (BOTTOM RIGHT) NORMAN BEL GEODES
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The Penthouse theatre, University of Washington, Seattle, an example of The Community theatre, Western Springs, 1., showing the open stage within
theatre-in-the-round.  Architect, Carl F. Gould; 1940 the auditorium. Architect, G. Orth, Design Consultant, J. H. Miller: 1960— 61

Interior view of the auditorium and revolving stage of the Kalita Humphreys
theatre, Dallas, Tex. Architect, Frank Lloyd Wright; 1959

Coeb Drama centre, Harvard university, showing the interior rearranged for Interior of the auditorium of the Sarah Lawrence college theatre. Bronxville,

three stage-audience relationships: top, conventional auditorium of the prosce- N.Y., an example of functional theatre design. The 500-seat theatre can be
nium (picture-frame) type; centre, modified theatre-in-the-round: bottom, adapted for open stage productions, plays within a proscenium or open-air per-
three-sided platform theatre. Architect, Hugh Stubbins: 1959- 60 formances. Architect, Marcel Breuer; 1952

UNIVERSITY AND COMMUNITY THEATRES

BY COURTESY OF (TOF LEFT) PENTHOUSE THEATRE ,TOP RIGHT: THE TPEATRE AND ARTS CENTER, WESTERN SPRINGS, ILL , (CENTRE RIGHT) THEATER CENTER; PHOTOGRAPHS, (LEFT, TOP,
CENTRE AND BOTTOM) CLEMENS KALISCHER. (BOTTOM RIGHT) BEN SCHNALL
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View of the stage of the Royal Shakespeare theatre, Stratford-upon-Avon, Eng., as altered by Brian O'Rorke in 1951. The
original stage, built in 1932, was designed with a deep proscenium frame that contained a removable forestage, with steps
to the auditorium

Open stage with eight acting levels, designed by Tany Moisei- Interior of the civic theatre at Malmd, Sweden, showing the extended proscenium which can
witsch, in the Stratford festival theatre, Ontario, Canada, 1956. be lowered or raised. Architects, E. Lailerstedt, S. Lewerentz and D. Hellden; 1944
Theatre architect: Robert Fairfield

Mermaid theatre, Puddle Dock, London, showing scenery arranged on the open The small theatre of the National theatre at Mannheim, Ger., arranged as a
end-stage. Architect, E. Davies; 1959 two-sided theatre in the round. Architect, G. Weber; 1955-57

MODERN THEATRES OF CANADA AND EUROPE

BY COURTESY OF (CENTRE LEFT) STRATFORD SHAKESPEAREAN FESTIVAL FOUNDATION OF CANADA PHOTOGRAPHS, (TOP), NALTER sSCOTT. BRADFORD YORKSHIRE, (CENTRE RiGHT)} H. STENBERGS,
SWEDISH INTERNATIONAL PRCSS BUREAU, (BOTTOM LEFT) ARCMITECT § JOURNAL  (BOTTOM RIGHT) GERHARD WEBER FOTO HAUSSER
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ter of ornamenting a street fagade but of architectural composi-
tion related to landscaped approaches on an unrestricted site, with
ample indoor lobbies and promenades, outdoor loggias and court-
yards for the audience. In such theatres, both the interior and ex-
terior design can organize an integrated program of theatrical and
alied activities, such as the dance, concerts, recitals and art exhi-
bitions.

LOBBY! AUDITORIUM
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BY COURTESY OF “ARCHITECTURAL FORUM"

FIG. 27.— SECTION OF OBERLIN COLLEGE THEATRE. OBERLIN, O.,
SON, ABRAMOWITZ AND E SNYDER, ARCHITECTS
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Minimums and Alternatives.— Function determines form,
and planning in turn determines the effective functioning o a
building. In designing these theatres, the architect is faced with
the necessity for basic minimums in regard to the stage and various
alternative solutions in organizing the related units of the entire
building.

Backstage dimensions are determined by the balance of scenic
units and sight lines. The minimum width of the stage should
be at least twice the width of the proscenium opening; alowing
half at each side for circulation and stacking space, i.¢., for a a j-
ft. proscenium, so ft.; for a 3o-ft. opening, 60 ft. But these are
minimums.

A properly planned stage should be three times the average
proscenium width. i.e., 8o to go ft., and the height of the stage
house should be 65 to 85 ft. For a stage is a space where large
amounts of scenery not in use have to be stacked out of sight dur-
ing or between the performances of a single play, as well as props
such as furniture ranging from thrones to living room tables and

chairs. However stylized a production may be. no abstract sub-
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FIG. 28.— FLOORLAN, OBERLIN COLLEGE THEATRE
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FIG. 2S.— FLO®RAN. UNIVERSITY OF ARKANSAS THEATRE. FAYETTEVILLE,
ARK.. EDWARD D. STONE. ARCHITECT (1950)

stitute for tables and chairs has been discovered. A simplified
unit setting for the revival of a Greek tragedy may involve a large
chorus. and the most expressionistic interpretation of a classic,
Elizabethan or modern script may call for arcades, pylons, ramps,
stairways and playing areas at several levels. as well as crowds of
extras. Smaller groups of actors may have to exit from stage
right and re-enter from stage left a few minutes later. They can-
not be exoected to clamber over stacked furniture or sets to be
used in the next act.

The elaborate mechanism of a series of elevator stages can be
dispensed with, but a combination of a revolving stage and one
or more wagon stages at stage level in off-stagewings provides an
efficient way of meeting the most varied demands of a repertory
program. However, an elevator forestage remains a valuable ad-
junct. It can form the forestage apron or be sunk to hold an
orchestra or additional seats; lowered to cellar level it provides the
best means of handling heavy props or scenic units and routing
them to storage space.

An adequate stage house, ample in height, width and off-stage
space, is the core of atheatre. Any attempt to dwarf or constrict
it results in handicapping the theatre's program. 4 recurrent and
excellent plan (which has been used for the Mannheim, Ger.,
Malmo, University of Wisconsin and other theatres) provides two
auditoriums. a smaller one for more intimate productions, recitals
and lectures. and a large one for major dramatic productions,
operas and orchestral concerts. This plan has been effectively used
wherever it has been adopted.

Several technical requirements remain to be considered, such as
stage traps, fire precautions. lighting control and acoustics.
Almost every 19th-century theatre provided a "Hamlet trap" for
the burial o Ophelia. It is advisable to provide for a group of
12 or 16, each approximately 3 ft. X 3 it. 6 in., which can be
lifted out to form larger openings and then replaced. However
formal the stage, an asbestos curtain. connected to the skylight
over the stage house on a counterweighted rope line. is an essen-
tial. Incase o fire. the rope is cut and the skylight automatically
opened, creating a back draft and keeping smoke out of the audi-
torium. For theimmediate hazard of fireis primarily from smoke,
injuries or asphyxiation during panic and stampede. The New
York city fire code sets an excellent standard of safety in regard to
the minimum width of aisles. number and size of emergency exits.
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height of risers between rows of seats and the width between each
row, fireproof doors backstage between the stage and workshop
and storage areas! fire escapes for auditorium balconies and dress-
ing rooms not at ground level. Where the more steeply pitched
"continental™ seating is adopted (so-called becauseit wasfirst used
in European theatres) the aisles are widened at exits provided at
both ends of each aisle.

"The distribution of spot- and floodlighting also affects the de-
sign of the auditorium. In addition to the light troughs extend-
ing across the auditorium ceiling for general lighting, an addi-
tional trough is essential for spotlights that cover the forestage and
the forward portion of the acting area. The fluctuations of light,
the "light plot," which are an integral part of any production, re-
quire a hundred or more sources of light— spotlights and flood-
lights ranging in capacity from 250 to 1,500 w. each.

Lighting control has been greatly aided and simplified by the
development of remote electronic control — particularly the C-I
board. This board is operated from a console approximately 36 in.
wide and 30 in. long and requires only a single operator for atotal
of 45 dimmer circuits and a maximum capacity of 300,000 w.
Small master handles interlock and synchronize simultaneous light-
ing changes.

The dimming element, consisting of a series of thyratron tubes,
can be placed below stage, thus freeing the stage area from bulky
assemblages of manually controlled or motor-operated dimmer
banks. Being compact, this type of control board can be placed
either in a lighting booth at the rear of the auditorium or on stage
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FIG. 30 AND 31.— WALTER GROPIUS' PLAN FOR A " TOTAL THEATRE,"
1927. THE ARCHITECT'S AIM WAS TO CREATE AN INSTRUMENT SO FLEXI-
BLE THAT A DIRECTOR COULD USE A VARIETY OF FORMS OF STAGING.
A SECTION OF THE AUDITORIUM COULD BE REVOLVED AS SHOWN IN THE
FIGURES TO ACCOMMODATE PARTICULAR STAGING REQUIREMENTS. THE
THEATRE WOULD BE EQUIPPED TO HANDLE DRAMA. OPERA. FILMS. DANCE.
CHORAL AND INSTRUMENTAL MUSIC. SPORTS AND CONVENTIONS
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BY COURTESY OF NORMAN BEL GEODES

FIG. 32.— NORMAN BEL GEDDES'
A THEATRE IN THE ROUND

" THEATRE #14,”’ 1922. A PROJECT FOR

at either side of the proscenium opening.

Acoustics present a special problem. The elaborate "ginger-
bread” ornament of the 17th- and 18th-century theatres with
Barogue and Rococo ornament covering the proscenium and the
entire interior, including the auditorium ceiling, the fronts of the
tiers of boxes and the galleries. together with the natural resonance
of wood walls and numerous draperies, provided an excellent bal-
ance of sound reflection and absorption.

Modern design with its emphasis on diffused auditorium light-
ing over plane surfaces of hard plaster tends to upset this bal-
ance. |n general, concave surfaces whether in plane or section
are to be avoided; the fan-shaped plan of the auditorium is likely
to give to large surfaces of the rear wall a curve that is acoustically
bad, particularly one that is struck on a centre near the stage. In
general the principle to be followed is the proper balance and dis-
tribution d sound absorbing and reflecting surfaces and contours.
But as their determination is a highly technical problem, unless an
architect is particularly qualified, the services of an acoustic con-
sultant are indispensable in the design of an auditorium.

Various alternative solutions can be studied in connection with
the theatres at Oberlin, Sarah Lawrence and the University of
Arkansas, which at the same time enable the architect to achieve
fluent and simplified interior contours.

Multipurpose Theatre.—Two recently completed playhouses,
at Sarah Lawrence (rg3z1) by Marcel Breuer and at Oberlin by
Harrison, Abramowitz and E. Snyder (1953), are outstanding ex-
amples o functional theatre design.

At Sarah Lawrence the various levels provide a theatre foyer
that can double as an exhibition hall, a common room with a snack
bar opening onto a terrace and, at a lower level, a spacious com-
mon room and dance studio. The zoo-seat theatre is so flexibly
arranged that it can be used for an arena style performance or for

LOBBY
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BY COURTESY OF NORMAN BEL GEDDES

FIG. 33.— GROUND FLOOR PLAN OF " THEATRE #14"
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Y COURTESY OF MIES VAN DER ROHE

FiG. 34.— FLOOR PLAN OF A THEATRE PROJECT FOR MANNHEIM, GER..
MIES VAN DER ROHE, ARCHITECT

plays within a proscenium, as a night club for student entertain-
ments and as a lecture or concert hall. When the diding doors at
the rear of the stage are opened it can be used for open-air per-
formances with the audience seated on the tennis-court area. The
forestage is a hydraulic elevator that can provide an orchestra
pit or 33 additional portable seats at floor level. A pioneer de-
signer of metal-frame furniture. Breuer devised a new type o or-
chestra chair, a light seat on a tubular frame. All seats swivel,
permitting spectators to turn 12° to right or left. The rows are
set 42 in. apart (roin. wider than standard), permitting exceptiona
ease of ingress and egress. A U-shaped balcony directly below
the ceiling provides space for spotlighting the stage from any
angle; at the rear there is a booth for the light control board and a
motion-picture projector.

One of Breuer's tenets is that architecture tends to he too often
concerned with inconsequential detail and should return to the un-
affected beauty of simpler materials. Here the exterior facing of
wall and terrace surfaces present the contrasted textures o rough
stone, flagstone and painted brick; in the auditorium concrete
block masonry contrasts with alternating brick-shaped projections.
These serve to break up the surface sufficiently to secure an ex-
cellent acoustic balance together with the broken planes d the
side walls, painted in contrasting tones of red and blue.

In commenting on the Oberlin theatre, the Architectural Forum
said: "Few buildings in recent years have faced up to the major
problems as boldly as Oberlin has faced up to them. The little
auditorium, with its sway-backed roof, its strangely cubist forms
and its wavy interior surfaces, tries, creatively, to answer alot of
challenging questions that most architects like to dodge . . . .
Can he (the architect) 1. Design an auditorium to fit snugly
around an acoustic engineer's 'optimum shape’ and still get good
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architecture? 2. Resolve the glaring conflict . . ..between a low
slung auditorium and towering stage house without making the
former too high or the latter too low for good appearance? 3.
Can modern architects keep on designing 'anonymous' buildings
... or do we need a new vocabulary of expressive, modern forms
that suggest clearly the purpose of the building before us?"

The problem is successfully resolved with an architectural bal-
ance of dramatic forms almost monolithic in their simplicity, fur-
ther emphasized by the varying shadows cast during the course
of the day. The space between the concave roof and the broken
surface of the auditorium ceiling is utilized for indirect lighting
troughs and troughs for spotlighting the stage, with a catwalk to
service them. The convoluted screen at the entrance portico pro-
vides a dramatic background for open-air performances or open-
air concerts and dances.

The Theatre as an Art Centre.— The program of the Uni-
versity of Arkansas called for a building that would be "a work-
shop, a place where painting, sculpture, architecture, music and
dance live and grow and from which their civilizing influence
spreadsinto our daily lives."

The building is another example of effective functional design
in the general composition of its component parts, in the treat-
ment o its various fagades, in its flexible but well-integrated
ground plan and general circulation among interrelated activities
— painting, sculpture and architectural studios, exhibition gallery,
library, sculpture court and concert hall. The stage is completely
trapped and has a total width of 104 ft.; its lighting equipment
is so arranged that with the curtain down and temporary seats
in place it can be used as a theatre in the round; one wing con-
nects with an open-air theatre.

The acoustic.concrete blocks used for the auditorium walls
have given completely satisfactory results. A scenic workshop,
two stories high, 26 ft. X 56 ft. in area, connects with the stage
at stage level and is overlooked by the scenic design studio, which
in turn connects with a costume workshop. The building as a
whole isa centre where students can develop in stimulating contact
with al the arts.

Where appropriations, as in many colleges, limit the size of a
playhouse to a comparatively small building, a great degree of flexi-
bility may nevertheless be achieved, as in the theatre at Baylor
university, Waco, Tex., designed by Paul Baker and completed
in 1954. The main studio theatre consists of three connecting
platform stages, one of which has a stage house and a proscenium
opening. The acting area can be centred there, or cover all three
simultaneously or in succession.

The audience, seated on swivel chairs, can turn in any direction
to follow the action of a play. For an arena-type production the
seats are moved to the stage level and the action takes place on the
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FIG. 35.— SECTION OF THEATRE AT
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orchestra floor. A lighting booth suspended from the ceiling can
light any or all of the stages.

Other Experimental Forms.— Mies van der Rohe’s project
for a National theatre at Mannheim, Ger., is unique in that it
applies to theatre architecture the continuous glass and steel shell,
a form which he was one of the first to develop and which later
became widely used in factories, office buildings. apartment houses
and country residences. The building is approximately 520 ft.
long and 240 ft. wide, with a marble-faced lower story 15 ft.
and an upper story 40 ft. in height. Its steel and glass walls are
carried by exposed steel truss construction. Flexibility is achieved
by two auditoriums placed back to back: one with 1,200 seats for
operas, ballets. orchestral concerts and pageants; the other with
500 seats for intimate drama, recitals and chamber music.

The entrance foyer to the main theatre rises to the full height
of the building. Two wide corridors at the theatre level, which
can also be used for exhibition purposes, extend along both sides
of the building and lead to a restaurant at the farther end. The
continuous tinted glass walls are screened with translucent cur-
tains that can, on occasion, be drawn to command a view o two
adjacent parks, and the combination of large spaces with the cur-
tain material used will, in the architect's judgment, give sufficient
absorption to solve any acoustical problems.

Flexibility is again emphasized in Walter Gropius' project
(1927) for a"total theatre." Here the entire floor of the theatre
revolves so that it can be used in any one of three ways—as a
circus arena, an amphitheatre with a circular stage at floor level
or in conjunction with a platform stage placed above it.

Another experimental method of play production, originaly
known as "central staging” when first used in 1914 at Teachers
college, Columbia university, has provided a simplified type o
theatre construction. Glenn Hughes of the University of Wash-
ington, an early adherent, completed his Penthouse theatre in 1940.
Thetheatrein theround, asit came to be generaly called, consists
of a central, circular acting area, the stage floor, where the locae
of the play is suggested only by stage properties. This is sur-
rounded by a circular tier of seats, cut by aisles for the actors' en-
trances and exits. This type of playhouse has proved increasingly
popular for smaller audiences in civic and college groups where
funds for a more elaborate modern theatre are not available.

See also references under " Theatres (Structures)™ in the Index

volume.

BisLiogrAPHY.—Irving Pichel, Modern Theatres (1925); National
Theatre Conference, Architecture for the New Theatre (19 5?; Joseph
Urban, Theatres (1929); G. Altman et al., Theater Pictorial (1954);
The Architectural Record (May 1930) ; The Architectural Forum (Sept.
1932) (contains authoritative articles on basic planning, auditorium
seating and sight lines, acoustics, auditorium and stage lighting and
stage equipment including elevator stages) ; Allardyce Nicoll, The De-
velopment of the Theatre, 3rd ed. rev. and enlarged (1948); P. Hart-
noll _(ed.), The Oxford Companion to the Theatre, 2nd ed. (1937);
H. BurrisMeyer and E. C. Cole, Theatres & Auditoriums (1949);
Kenneth Macgowan and William Melnitz, The Living Stage( f_l 55).
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THEBES, an ancient Greek city in Boeotia (ancient ©#fat,
Thebae), is situated on low hilly ground north of the Asopus val-
ley, overlooking the Ismenian plain, about 44 mi. from Athens,
whence it is reached by roads and by railway. It has about
4,800 inhabitants, and is the seat of a bishop. The present town
occupies the site of the ancient citadel,.the Cadmea; two frag-
ments of ancient wall are visible on the north and another, be-
longing either to the citadel or the outer wall, on the south. There
are remains of a Minoan "palace" and chamber tombs. The
church of St. Luke, southeast of the Cadmea, is believed to con-
tain his tomb. Two streams, rising a little to the south, flow on
the two sides, the ancient Ismenus on the east and Dirce, A(ni)«p,
on the west. The "waters" of Thebes are celebrated by Pindar
and the Athenian poets, and the site is still, as described by Dicae-
archus (3rd century B.c.), "dl springs," kafuvdpos mwaca. From
the abundance of water the neighbouring plain is fertile, but the
population is scanty, and the town unimportant.

History. — The record of the earliest days of Thebes was pre-
served in a mass of legends. Five main cycles of story may be
distinguished: (1) the foundation of the citadel Cadmea by Cad-
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mus; (2) the building of a "seven-gated” wall by Amphion, and
the cognate stories; (3) thetale of the "house of Laius," culminat-
ing in the adventures of Oedipus and the wars of the “Seven” and
the Epigoni; (4) the advent of Dionysus; and (s5) the exploits of
Heracles. It is difficult to extract any historical fact out of this
maze of myths; at most it seems safe to infer that it was one of
the first Greek fortified cities.

In the period of great invasions from the north Thebes received
settlers of that stock which spread over Boeotia. The military
security of the city tended to raise it to a commanding posi-
tion and its inhabitants endeavoured to establish a complete su-
premacy over the outlying towns. In the late 6th century the
Thebans were brought into hostile contact with the Athenians,
who helped the small fortress of Plataea to maintain its independ-
ence against them. The aversion to Athens explains the attitude
of Thebes during the great Persian invasion, though it should be
remembered that Herodotus, the chief authority for the period,
wrote this part of his history in all probability at a period when
feeling between Athens and Thebes was bitter in the extreme.
Though a contingent of 400 was sent to Thermopylae (480 B C.)
and remained there with Leonidas to the end, the governing
aristocracy soon after joined the enemy and fought zealously
on his behaf at the battle of Plataea (479 B.c.). The victorious
Greeks punished Thebes by depriving it of the presidency of the
Boeotian league. In 457 B.c. Sparta, needing a counterpoise
against Athens in central Greece, reinstated Thebes as the dom-
inant power in Boeotia. The great fortress served this purpose
well by holding out when the Athenians overran and occupied
the rest of the country (457-447 B.c.). In the Peloponnesian
War (g.v.) the Thebans, embittered by the support which Athens
gave to the smaller Boeotian towns, and especially to Plataea, were
firm alies of Sparta, which helped them to besiege Plataea and al-
lowed them to destroy the town after capture (427 B.c.). In 424
B.C., at the head of the Boeotian levy, they inflicted a severe de-
feat upon an invading force of Athenians at Delium. After the
downfall of Athens at the end of the Peloponnesian War the
Thebans, finding that Sparta intended to protect the states which
they desired to annex, broke df the aliance. In 404 BC. they
had urged the complete destruction of Athens, in 403 B.c. they
secretly supported the restoration of its democracy in order to find
in it a counterpoise against Sparta. A few years later, they forced
on the so-caled Corinthian War and formed the nucleus of the
league against Sparta. The result of the war was disastrous to
Thebes as the settlement of 387 B.c. stipulated the autonomy of
al Greek towns and so withdrew the other Boeotians from its
political control. Its power was further curtailed in 382 B.c.,
when a Spartan force occupied the citadel by a treacherous coup-
de-main. Three years later the Spartan garrison was expelled;
in the consequent wars with Sparta the Theban army, trained and
led by Epaminondas and Pelopidas (gg.v.), proved itsef the
best in Greece. Some years of desultory fighting culminated in
371 B.C. in a victory over the Spartans at Leuctra (¢.v.). The
winners carried their arms into Peloponnesus and at the head
o a large coalition permanently crippled the power of Sparta.
But the predominance of Thebes was short-lived. The states
which she protected were indisposed to commit themselves per-
manently to her tutelage, and the renewed rivalry of Athens pre-
vented the formation of a Theban empire. With the death of
Epaminondas in 362 B.c. the city sank again to the position of
a secondary power. |n awar with Phocis (356-346 B.C.) it could
not even maintain its predominance in central Greece, and by
inviting Philip II. of Macedon to crush the Phocians it extended
that monarch's power within dangerous proximity to its frontiers.
In 338 B.c. the orator Demosthenes persuaded Thebes to join
Athens in a fina attempt to bar Philip's advance upon Attica.
The Theban contingent fought bravely in the decisive battle of
Chaeronea (g¢.v.). Philip was content to deprive Thebes of her
dominion over Boeotia; but a revolt against Alexander was pun-
ished by the complete destruction o the city. Thebes never again
played a prominent part in history. It suffered from the estab-
lishment o Chalcis as the chief fortress of central Greece, and
was severely handled by the Roman conquerors Mummius and
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Sulla. I'n Pausanias’s time (AD. 170) its citadel alone was in-
habited. During the Byzantine period it served as a place o
refuge against foreign invaders, and from the roth century became
a centre o the new silk trade. In 1311 it was destroyed by the
Catalans and passed out of history.

The most famous. monument of ancient Thebes was the outer
wall with its seven gates, which even as late as the 6th century
B.C. Was probably the largest of artificial Greek fortresses. Two
of the springs have been identified with some probability — that
of St. Theodore with the Oedipodeia, in which Oedipus is said to
have purged himself from the pollution o homicide, and the Para-
porti with the dragon-guarded fountain of Ares (see Cabmus).
From the interest of the site in history and still more in litera-
ture, as the scene of so many dramas, the temptation to fix de-
tails has been specially strong. There are two main difficulties
to contend with. The description of Pausanias was written at a
time when the lower city was deserted, and only the temples and
the gatesleft; and the references to Thebes in the Attic dramatists
are, like those to Mycenae and Argos, o no topographical value.

BisLiocraPHY.—E. V. Stern, Geschichte der spartanischen und
thebanischen Hegemonie pp. 44—246 (Dorpat, 1884); B. V. Head,
Historia Numorum, pp. 295-299 (1887); E. Fabricius, Theben
2Freibur im Breisgau, 18g0) ; E. Funk, De Thebanorum actis, 378-362

1800). also Boeoria.

Ancient authorities are Herodotus; v.-ix. ; Thucydides and Xenophon
(Hellenica), passim; Diodorus, xvii., Xix.; Pausanias, ix., 5-17.

THEBES (678a:), the Greek name of the ancient capital of
Upper Egypt. It occurs in Homer (Il.ix. 381—4) where it has
the epithet ékaréumvlos, "hundred-gated,” probably derived in
the first place from the gateways o its endless temples, for
Thebes was never a walled city with gates, though its vast temple
enclosures in different quarters would form as many fortressesin
case of siege or tumult. Its Egyptian name was Wesi (or Wis?),
later Ne, “the city” (sometimes Ne-Amun, hence No-Amon in
Nazhum iii. 8). Arnmon, Amen-Ra, or Amenrasonther (**Ammon-
Ra king of the gods") was its deity, with his consort Mat and
their child Rhons. Mont aso was a local deity and Hathor pre-
sided over the western cliffsof Thebes. In very ancient times the
city lay on the east bank, the necropolis on the west. The chief
nucleus of the ancient wesi was a town about the temple of
Karnak: it probably reaches back to the prehistoric period. At
Drah abu'l nagga, opposite to it, are tombs of its princes under
the VIth Dynasty. The temple of Karnak is no doubt o im-
memorial antiquity. In it Senusret |. dedicated statues to his
predecessors of the Vth Dynasty who had probably showed their
devotion to Ammon in a substantial manner, and Cheops d the
Ivth Dynasty is named in it. After the end of the Old Kingdom
Thebes grew from an obscure provincial town to be the seat of
a strong line o princes who contended for supremacy with
Heracleopolis and eventually triumphed m the XIth Dynasty.
The most important monument of the Middle Kingdom now
extant at Thebes is the funerary temple of Mentuhotep II1 at
Deir d Bahri. The name Amenemhet. so common in the XIIth
Dynasty, shows the importance of the Theban god at this time.
It was, however, the early rulers of the XVIIIth Dynasty down
to Tethmosis 111. who developed Karnak, and on the west bank
built the great funerary temple of Deir € Bahri and smaler
temples as far south as Medinet Habu, and began the long series
of royal tombs in the lonely Valley of the Kings far back in the
desert. Amenophis II1. continuing, transformed western Thebes
monumentally: built three great temples in addition, that of
Mont on the north of Karnak, the temple of Mut on the south
and the temple of Ammon at Luxor, and connected the last two
with the state temple of Karnak by avenues of sphinxes. The city
and its monuments now covered an area about three miles square.
After this Thebes experienced a serious set-back with the heresy
of lkhnaton, the son of Amenophis III. He moved his capital
northward to Akhetaton (El Amarna) and strove to suppress the
worship of Ammon, doing infinite damage to the monuments of
Thebes by defacing his name and figure. After about twenty
years, however, the reaction came, Thebes was again the capital,
and a little later under Seti (Sethos) I. and Rameses I1. of the
XXth Dynasty it was raised to greater architectural magnificence
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than ever. These two kings built the great columnar hall of
Karnak, added a large court with pylons to Luxor, and on the
west bank built the funerary temple of Seti at Kurna, and the
Ramesseum with its gigantic colossus, besides other edifices of
which only traces remain. Under the XVIIIth and XIXth Dynas-
ties Thebeswas at the height of its greatness. Conquering Pharaohs
brought home trains of prisoners and spoil, embassies came thither
o strange people in every variety of costume and of every hue
o skin, from Ethiopia, Puoni (Punt), Mesopotamia, Asia Minor,
Libya, and the islands of the Mediterranean, bringing precious
stones, rare animals, beautiful slaves, costly garments and vessels
of gold and silver. The tombs of the XVIIIth Dynasty on the
west bank and the sculptures in the temples reflect the brilliancy
of these days, but with Rameses II. came the turning-point of
its glories, and the efforts of all his successors combined could add
little to the wonders of Thebes. The temple and tower of Rameses
IIT. (XXth Dynasty) at Medinet Habu, his tomb in the Biban el
Moluk, the temple of Khons (Rameses I11. and later) and the
court of Sheshonk I. (XX1IInd Dynasty) at Karnak are the only
great achievements.

merhe tide of, BrgsRr s R e P e i, SR
several centuries after the fall o the New Empire Thebes was
but one o several alternating or contemporaneous capitals. Mem-
phis, Tanis, Bubastis, Sais, Heracleopolis had at one time or an-~
other at least equal claims. The Ethiopian conquerors of Egypt
made Thebes their Egyptian capital, but in 668 Assur-bani-pal
sacked the city. Psammetichus did not neglect it, but Ptolemy 1.
gave a new capital to the upper country in the Greek foundation
of Ptolemais, and thus struck a fresh blow at the prosperity of
Thebes. For a short period in the reign of Epiphanes, when
Upper Egypt was in rebellion against the Ptolemaic rule, Thebes
was the capital of independent native dynasts. | n alater rebellion,
Thebes was captured after a three years' siege and severely pun-
ished by Lathyrus (Ptolemy X., Soter IL.). In the reign of
Augustus, having joined in the insurrection against the tax-gath-
erers, it was destroyed by Cornelius Gallus and became a collec-
tion of villages. Though its vast buildings have since served as
quarries for mill-stones and for the lime-burner, Thebes still offers
the greatest assemblage of monumental ruins in the world.

We will now briefly enumerdte the principal groups of monu-
ments. On the east bank at Karnak stand the great state temple
o Amen-Ra with its obelisks of Hatshepsut and Tethmosis |. and
the vast columnar hall of Rameses II.; the temple of Mit and the
well-preserved temple o Khons; the temple of Luxor and ave-
nues of rams and sphinxes connecting al these. On the west
bank, in front of the necropalis, on the edge of the desert or pro-
jecting into the cultivation, was a low row of temples: the north-
ernmost, placed far in front of the others, is the well-preserved
temple of Seti I. at Kurna; then follow the Ramesseum and
Medinet Habu; and the foundations of many others can be traced.
The temple of Amenophis I11., to which the colossi of "Memnon"
were attached, was again far forward of the line. The Ramesseum
contains the remains o a stupendous seated colossus, in black
granite, o its builder Rameses Il., thrown on its face. When
perfect it was probably 57 ft. high and weighed about 1,000 tons,
surpassing the "Memnon™ statues of Amenophis III. in size and
weight. The temple of Rameses I11. at Medinet Habu, sculptured
with very interesting scenes from his Syrian, Libyan and other
wars and from religiousfestivals, is remarkable also for the unique
entrance-tower which probably formed part of the royal palace.
Northward and far back in the foot-hills is the Ptolemaic temple
of Deir e Medina, and beyond under the cliffs of Deir el Bahri
the terrace temple o Queen Hatshepsut, the walls of which are
adorned with scenes from her expedition to Puoni (Somaliland)
in search of incense trees, and many other subjects. Far behind
Medinet Habu are the Tombs of the Queens, where royal relatives
of the XXth Dynasty are buried; and immediately behind the
lofty cliffs of Deir e Bahri, but accessible only by a very cir-
cuitous route from Kurna, are the Tombs of the Kings (from
Tethmosis |. onward to the end of the XXth Dynasty) in the
Biban e Moluk and the Western Valley. Those of Seti |. and
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Rameses III. are the most remarkable. These royal sepulchres are
long galleries excavated in the rock with chambers at intervals:
in oneof theinnermost chambers was laid the body in its sarcoph-
agus. In the XXIst Dynasty, when tomb robberies were rife
and most of their valuables had been stolen, the royal mummies
were removed from place to place and at last deposited for safety
in the tomb of Amenophis II. and in the burial-place of the priest-
kings at Deir €l Bahri. The finding of the two cachettes nearly
intact was one of the greatest marvels of archaeological dis-
covery. The systematic exploration of the Valey of the Tombs
of the Kings was rewarded with results of the highest in-
terest. The greatest as well as the most recent of these was the
discovery in Oct. 1922 of the tomb of Tutankhamun (reigned
1360-1350 B.c) With its magnificent equipment almost intact.

See Baedeker's Egypt; E. Naville, (Templeof) Deir d Bahari, intro-
duction and parts i.=v. (London, 1894-1906) ; Sr W. M. F. Petrie, Six
Temples at Thebes f_rum_ed temples on west bank) (London, 1897); G.
Daressy, Notice explicative des ruines de Médinet Habu (Cairo, 1897) ;
G. Maspero, "Les Momies royaes de Deir d Bahari" in Mémoires de
la mission archdologique frangaise au Caire, tome |.; and many other
works. (F.LL. G} X))

THECLA, ST., one of the most celebrated saints in the
Greek Church (where she is commemorated on Sept. 24) and in
the Latin Church (where her festival is Sept. 23). Sheis honoured
with the title of "protomartyr.” The centre of her cult was
Seleucia, in Isauria. Her basilica, south of Seleucia, on the
mountain, long a popular place of pilgrimage, is mentioned in the
two books of St. Basil of Seleucia. According to her Acta, Thecla
came under the personal teaching of the apostle Paul at Iconium.
In spite of their highly fabulous character (Thecla escaped from
burning, from wild beasts, bulls and serpents), which caused
them to be more than once condemned by the Church, the Acta
o Paul and Thecla, which date back to the 2nd century, are
interesting monuments o ancient Christian literature.

See Acta Sanctorum, September, vi. 546—3568; J. A. Lipsius, Acto

tol apocrypha (Leipzig, 1891), i. 235-269; C. Schmidt. Acta
‘Iym “Canria 2500 P rove that the

auli OgLeipzig, 1305), where an attempt is made to !
Acta d Paul and Thecla formed an integral part d the Acta Pauli;
e aso ApocrypHAL LiTErATURE; C. Holzey, Die Thekla-Akten, ihre
Verbreitung und Beurtheilung in der Kirche (Munich, 1903).

THEGN or THANE, an Anglo-Saxon word meaning an at-
tendant, servant, retainer or officid. From the first, however, it
had a military significance, and its usual Latin translation was
miles, although minister was often used. The word is used only
once in the laws before the time o Aethelstan (c. 895-940), but
more frequently in the charters.

The thegn became a member of a territorial nobility, and
the dignity of thegnhood was attainable by those who fulfilled
certain conditions. In like manner a successful thegn might hope
to become an earl. There were others who were thegns on account
o their birth, and thus thegnhood was partly inherited and partly
acquired. The thegn was inferior to the aethel, the member of a
kingly family, but he was superior to the ceorl. The status d the
thegn is shown by his wergild. Over a large part of England the
amount o this was fixed at 1,200 shillings, or six times that o
the ceorl. He was the twelfhynde man o the laws.

The increase in the number of thegns produced in time a sub-
division of the order. There arose a class of king's thegns, cor-
responding to the earlier thegns, and a larger class of inferior
thegns, some of them the thegns of bishops or of other thegns.
A king's thegn was a person of great importance, the contemporary
idea being shown by the Latin translation o the word as comes.
He had certain specia privileges. No one save the king had the
right o jurisdiction over him, while by a law of Canute we learn
that he paid a larger heriot than an ordinary thegn.

The 1 2 senior thegns o the hundred play a part, the nature o
which is rather doubtful, in the development of the English sys-
tem of justice. By a law of Aethelred they "seem to have acted
as the judicial committee of the court for the purposes of accusa-
tion" (Holdsworth, Hist. Eng. Law, vol. i., 1921), and thus they
have some connection with the grand jury of modern times.

The word thane was used in Scotland until the 15th century to
describe an hereditary non-military tenant of the Crown.

THEILER, MAX (1899- ), South African microbiolo-
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gist, won the Nobel prize for medicine and physiology in 1951.
He was born Jan. 30, 1899 in Pretoria, U. of S. Af., the son of Sir
Arnold and Emma (Jegge) Theiler. He received his early educa-
tion in South Africa and completed his medical training at St.
Thomas' hospital, London, and the London School of Tropical
Medicine in 1922. From 1922 to 1930 he worked in the depart-
ment of tropical medicine at the Harvard Medical school in Bos-
ton. There he carried out important studies on amoebic dysentery,
rat-bite fever and leptospira.

Shortly after the discovery by A. Stokes, J. H. Bauer and
N. P. Hudson that yellow fever was caused by a virus transmissi-
ble to monkeys, Theiler made his first important contribution to
the conquest of this disease by demonstrating that the common
albino mouse was susceptible to the virus. In addition to facili-
tating the work on the natural history of yellow fever, Theiler’s
discovery led to the development o the first attenuated strain
of this virus, which is still in use for human vaccination. In
1930 he joined the laboratories of the Rockefeller foundation in
New York and together with E. Haagen, W. Lloyd, N. Ricci and
H. Smith carried out further fundamental studies on the yellow
fever virus which led to the development of the improved 17 D
strain widely used for human immunization. He also discovered a
natural virusdisease of mice which closely simulates that of human
poliomyelitis. (A. B. SN.)

THEISM, in the broadest sense, means belief in God. The
word, however, is used generally with the implication that the
belief is held in a conscious and rational manner, and hence
Theism is usually applied only to a system of beliefs which has
some claim to be regarded as a philosophy. According to the
Oxford Dictionary the first occurrence of the word is in Cud-
worth's Intellectual System of the Universe (1678). The ety-
mology o the word (feds) would suggest that it might cover any
conception o the universe which admitted the existence of Deity;
but in practice Theism has come to mean a belief in one God,
and the word is not easily distinguished from Monotheism, save
that Theism has a more theoretical implication.

Theism as a philosophical and theological position may be dis-
tinguished from other theories. It is, of course, the direct antith-
esis to Atheism (g.v.), which, strictly speaking, is the denial
that God exists. It isto be distinguished, again, from Agnosticism
(g.v.), the view that there is no sufficient grdund for either an
affirmative or negative answer to the question: Does God exist?
and that the only rational attitude is absolute suspense of judg-
ment. It should be observed, however, that there is a sense of the
word Agnosticism which is not wholly incompatible with Theistic
belief. The theory of Herbert Spencer, that we can know that an
Ultimate Reality exists but can also know that that Reality is
unknowable, is sometimes described as agnosticism. Herbert
Spencer's theory, as it stands, is plainly absurd, because in order
to know that the Ultimate Reality is unknowable we must know
enough of the nature o the Unknowable to be justified in mak-
ing this assertion about it. All reflective Theists would acknow!-
edge, however, that there is an element of truth in the Agnostic
position—the human mind is incapable of grasping completely
the nature o the Divine, and though there is a genuine knowledge
o God, for finite mind that knowledge must always be incom-
plete. It is customary to distinguish Theism from Deism (q.v.).

The Deists were writers on natural religion in the 18th century
who shared the desire to set religion on a purely rational basis
and tended, in a greater or less degree, to exclude the ideas of
revelation and mystery, reducing Christianity to those truths
which, it was alleged, could be attained by the unaided reason.
Though some of these authors had pantheistic tendencies, the
name Deism has been given to that type of theology which con-
siders God and the world to be absolutely distinct from one
another, thus conceiving the Deity as an external Creator and
Governor. In the language of modern philosophy Deism is the
view which emphasises the transcendence o God but denies His
immanence. In contrast to Deism, Theism affirms the presence
of God in the world, holding both immanence and transcendence.
Pantheism (g.v.) presents a contrast to Theism o the opposite
kind to that which we have found in Deism. Pantheistic systems,
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though widely different from one another in spirit and presenta-
tion, agree in making an identification between God and the
Universe. It is sometimes said that Pantheism maintains divine
immanence while eliminating from its creed every vestige of
divine transcendeqce. This manner of expression, though open to
criticism, has the merit o making clear the main difference be-
tween Pantheism and both Deism and Theism. Certain philo-
sophical systems may be classified for this purpose under the head
of Pantheism. Spinozas philosophy of God as the Infinite Sub-
stance and some forms of Absolute Idealism, as for example, that
represented in England by the late F. H. Bradley cannot be de-
scribed as theistic in the narrow sense of that word and are,
theologically considered, pantheistic in tendency. Dualism is to
be regarded as another theory which, in some of its forms, has
affinitieswith Theism but isin essence different. Properly, Dual-
ism means a view of the world which attributes its existence to
two different or possibly antagonistic principles both equally
ultimate, whether those principles be conceived as two deities,
as in some forms of Zoroastrianism, or God and matter as in
Manichaeism. A modified Dualism enters into most Theistic
theories, but no theory could be called fully Theistic which was
satisfied with a final Dualism.

We may now proceed to state in a positive manner the genera
tenets of Theism. It must be remembered that pure Theism has
never been a widely influential religious belief. 1n the historical
religions Theism is mixed with other elements, or rather perhaps
is the basis of them. Thus Christianity is a Theistic religion, but
its distinctive characteristic is the doctrine o the Incarnation.
I n the same way, Mohammedanism is Theism modified by specia
beliefs about the revelation of Allah through Mohammed. The
fundamental conception of Theism in all its developed forms is
that of a Being who is at once the supreme Vaue and the Source
of al finite existence. Theism has usually thought of the Supreme
Being as in some sense personal, or at least as One with whom
personal relations were possible. This Supreme Being, in Anselm's
phrase, id quo majus cogitari non potest, is, in the Theistic view,
neither identical with the Universe nor wholly aoof and separate
from it. The relation of God as Cause with the world has been
conceived i nvarious ways, the most common being creation, which
itself may be capable of more than one interpretation. The idea
o emanation, however, has aso been employed, asin the Neo-
Platonic philosophy (chief exponent Plotinus, AD. 204-270)
which exercised a considerable influence upon Christian theology.
The peculiarly Theistic doctrine of the relation of God with the
world is often expressed by the phrase, " God is both transcendent
and immanent."

ARGUMENTS FOR THEISM

Theism, being a reflective theory and not simply a religious
faith, has sought to defend its position by rational arguments.
Historically, three arguments have been supremely important and
are sometimes known as the "traditional proofs.” They are the
Cosmological, the Teleological, and the Ontological arguments.

The first philosopher, at least in the West, to state an argument
which he held to be demonstrative of the existence o God is
Plato. The proof which he gives (in the Laws X.) is the starting
point of the rational theology or "natural™ theology which claims
to establish the being of God on the ground of reason. The Laws
is universally admitted to be the work of Plato’s old age. In his
earlier writings Plato had made use of theidea of God and indeed
the conception was central in his thought. He had constantly pro-
tested against unworthy ideas of the divine and asserts both in
the Republic and Theaefetusthat God is perfectly good and cannot
be the cause o evil. The proof in the Laws may be regarded as
the fruit of long reflection on the problem and contains the germ
of much subsequent development. The proof turns upon the
existence of motion and change. Motions and changes may be
divided into several classes, but there is one fundamental distinc-
tion, that between spontaneous and communicated motion. It can
be shown that spontaneous motion must be prior to communicated
motion, since if there is motion at al it cannot all be com-
municated. Now the soul is the source of spontaneous motion,
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as distinguished from matter which can only receive communicated
motion. Hence the soul is prior to the body. The motions in the
Universe which have no human origin must likewise be referred
to a soul. We are thus led to the conception of a Soul of the
world. But the motions of the Universe, and in particular of the
heavenly bodies, are orderly and thus indicate that the World
Soul is rational and good, the "mind which ordered the universe.”
In Plato's argument two of the "rationa" proofs are joined—
the Cosmological (from the existence of a universe in which
motion exists to a Source o motion), and the Teleological (from
the existence of order to the Divine Mind as its ground). 1t will
be convenient to consider these arguments in their subsequent
formulations separately.

The Cosmological Argument. — The philosophy of Aristotle
is not, like that of Plato, profoundly religious in spirit, and the
concept of God in Aristotle's thought has little religious sig-
nificance, being mainly a metaphysical conclusion; but the formu-
lation of the cosmological argument by Aristotle has been of
primary importance for Christian philosophy. Like his master
Plato, Aristotle rises to the thought of God from the fact of
change and motion (xivnais) which means for him much more
than change of place. Mation is conceived by Aristotle as the
passage from potentiality to actuality (dtwauts and évepyeta).
Every change which actually occurs is the realization of a poten-
tiality which was hitherto latent. Associated with this conception
is Aristotle's doctrine of "form™ and "matter."” Every concrete
and finite existence is composed of matter and form and it is the
latter which gives to it a specific nature. In " sublunary" existences
the expression of form is aways imperfect, the matter never
being absorbed in the form completely. The motion and change
of theworld are therefore explained asthe striving of the potential
to become actual, of the forms to become fully realised. The
universe which isin constant motion is not, however, self-explana-
tory; the change must have some source beyond itself. This
source is God, who must be conceived as at once the First Mover
and the Unmoved. There can be nothing higher than God, other-
wise He himself would be moved towards that higher being. God
must exist or there would be no movement. God is therefore pure
form and pure actuality, in Him there is no "matter” and no
potentiality. Heis the realization of al form and of all poten-
tiality. Thus God moves the world s ’epdueror, as an object of
desire; but it is an essential part of Aristotle's view that God
does not desire or need the world. The world is not even known
to Him asiit exists in actuality. He contemplates the pure forms
which are the content of His own intellect. The outcome of
Aristotle's reflection is then a Deity who is completely trans-
cendent and pure thought. All personal relations with the world,
every trace of emotion and even moral goodness is excluded from
his nature which is described as a thinking of thought (vénos
vohoews) (Aristotle, Physics, Bk. VIII., Metaphysics, Bk. XI1.).

It is one d the curiosities of history that a theology so "intel-
lectualist” should have profoundly influenced the thought of
Christianity which isin spirit widely different from that of Aris-
totle. Yet the Aristotelian logic and metaphysics formed the basis
o the great constructive systems o the middle ages, the
scholastic theology, of which the greatest representative is St.
Thomas Aquinas (1227-1274). The cosmological argument forms
the basis of St. Thomas's rational theology. 1t was a fundamental
conviction with him that the preambula fidei, the foundation
truths of religion, were demonstrable by the human reason with-
out theaid of Revelation. In his greatest, though unfinished work,
the Summa Theologica (Pt. I., Quaest. ii., art. 3), he gives five
proofs of the existence of God, of which four are versions of
the cosmologica argument. (1) The argument from motion:
"Any thing which is moved is moved by some other thing . . .
one thing moves another in so far as the former is in actualitv,
for to move is nothing else than to draw anything from poten-
tiality to actuality. But nothing can be brought from potentiality
into actuality except by means of something which is already
in actuality. . . . It is impossible that in the same respect and
the same manner anything should be both moving and unmoved,
or be self-moved.” We cannot go on to infinity in the series of
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"movers” which are themselves moved, for in that case there
would be no first source of movement and consequently no move-
ment at al. We must then conclude that there is a first source
of movement which is moved by nothing else—i.e., God. (2) The
argument from Efficient Causes. Experience shows that there is
an order of efficient causes. Nothing can be the cause of itself,
for that would imply that it was prior to itself. We cannot rest
content with an indefinite series of causes and effects, because if
there isno First Cause there can be no last effect. Hence we con-
clude that there is a First and Uncaused Cause—i.e., God. (3)
Argument from possible and necessary existence: Some existences
are possible and not necessary, i.e., they may exist or not exist,
being generated and corrupted. But all existence cannot be o
this nature, for unless there were necessary existence there would
be no ground for possible existence. If there are necessary
existences there must be an existence which is necessary in itself
and does not derive the necessity of its existence from some other
necessary existence. An indefinite regress is as impossible here as
in the case of efficient causes. There must therefore be Something
which is necessary per se—i.e., God. (4) Argument from degree of
quality or value: We find things more or less "good," "true" and
"excellent.”" ""More" or "less" is predicated according to degree
of approach to a "greatest.”" There is therefore something which
is most true, good and excellent—i.e., God.

It should be observed that the first two forms of Aquinas
cosmological argument lead to the conception of a purely Trans-
cendent Deity while the latter two suggest immanence.

The cosmological argument, very much in the form which was
given to it by Aristotle and Aquinas, appears as a fundamental
element in many philosophies. Mention must be made of Leibniz
who supplemented it by laying down a new law of thought—the
law of "sufficient reason”— according to which "for everything
there must be a sufficient reason why it is so and not otherwise,"
thus making it clear that, for him, the basis of the cosmological
argument was not empirical observation but a rational and self-
evident principle—that of universal causation.

The objections to the traditional cosmological argument have
been formulated by Hume and Kant. The former struck a blow
at the simplest and most obvious version of the argument— that
to a First Cause—by his sceptical analysis of the ideas of cause
and necessary connection, though it should be noticed that he
himself appears to have retained the conviction that the concep-
tion of a First Cause could not wholly be abandoned. In Hume's
view, however, there is no universal principle of causation. The
idea of necessary connection between phenomena is derived from
habit breeding expectation, and the so-called "principle of causa-
tion" is due to nothing more than ""the mind's propensity to feign,”
i.e., it isa convenient fiction. Obviously this view, which was but
the logica conclusion of the empirical movement in English
philosophy, undermines the whole of our knowledge of the natural
order and physical science, but it has also a direct bearing on the
cosmological argument, for if causation is a principle on which
we cannot rely when dealing with phenomena, we cannot use it
to take us beyond phenomena to God. Kant attempted to save
our knowledge of Nature from Hume's sceptical objections. He
did soin a somewhat equivocal fashion. He held that the "cate-
gories" which the mind employs in synthesizing perception (cause,
substance, etc.) are a priori in the sense that the mind does not
derive them from experience but necessarily uses them in order-
ing experience—in short that Nature apart from Mind has no
existence, but in some sense "Mind makes Nature." Kant is
emphatic, however, in his limitation of this principle. The cate-
gories o the understanding are confined to dealing with phenom-
ena. The use of such a category as causation to carry us beyond
phenomena to a super-phenomenal Reality is an illegitimae—a
"transcendent’—use. This is the real ground of Kant’s objec-
tion; it is based upon his rigid limitation of the understanding
to phenomena. Some specia criticisms are also of permanent in-
terest. Kant points out that the argument, in the only form which
he discusses (that o efficient causation), does not, even if sound,
lead to the conclusion that God exists, but only that a First Cause
of some kind exists, and in order to attain the conception of God
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we need another argument— the Ontological. With reference to
the alleged impossibility of conceiving an infinite series of causes,
Kant remarks that the inconceivability attaches aso to the idea
o an uncaused cause, and there is therefore no reason why the
mind should embrace one alternative rather than the other.

In spite o the objections to which the traditional form is open,
the cosmological argument in a wider application has kept its
power. In modern philosophy all those systems which employ the
idea of an Absolute Reality arrive at the Absolute by some kind
o cosmological argument. An important example o this is
found in the Theistic philosophy of Hermann Lotze. The impos-
sibility of rendering intelligible the fact of "transeunt™ causation
(i.e., that change in one thing is the occasion of change in another
thing), so long as we conceive the ultimate reality to consist of
a collection o independent “reals” leads to the conception of an
all embracing Absolute of which the particular things and their
changes are modifications. Arguments of this type lead rather to
an immanent Deity than to the transcendent God of Aristotle
and Aquinas.

The cosmologica argument has permanent value, though it
has not the demonstrative force which was formerly attributed
toit. |t servesto substantiate the conclusion that " nature," what-
ever we may mean by that term, is not a self-explanatory system,
and therefore to support the Theistic view as preferable on ra-
tional grounds to rival hypotheses. The form of the cosmological
argument which begins with the apprehension o values, such as
goodness and truth, has received little attention in the history of
thought, but is one which has most positive weight for modern
philosophy. Modern Theism would lay great'stress on the con-
tention that the existence of goodness, beauty and truth in finite
experience compels us to postulate an absolute Goodness, Beauty
and Truth.

The Teleological Argument.— This argument, sometimes
caled "the argument from design,” is rightly described by Kant
as the most impressive, the most easily comprehended of the
traditional "proofs.” Like the cosmologica argument it is a
posteriori in character, since it starts with the observed facts of
adaptation to endsin the natural world. As we have seen, however,
when referring to Plato, the teleological argument may be based
upon the more general consideration of the order of the universe.
The purposive character o the events of the world was a common
topic of Stoic philosophers in connection with their doctrine o
Providence. Here again we may turn to Thomas Aquinas for a
succinct statement of the argument inits common form. It isthe
fifth proof o the existence o God given by that philosopher
—the proof from the gubernatio of things. "Some things which
have no power of knowing, such as natural bodies, work for ends,
as is manifest from their constantly, or at least frequently, work-
ing in the same way for the attainment of that which is best. . . .
Now such things as-have no power of knowing do not tend
towards an end unless they are directed by some being which has
knowledge and intelligence.” (Summa Theologica, Pt. |. Quaest.
ii. art. 3.) It will be noticed that there are two elements in this
argument (a) the observation o "working for ends"; (b) the
inference from this to a directing Intelligence.

The evidence for working for ends or the adaptation to pur-
poses on which stress is laid has varied; at times the main empha-
sis has been on general adaptation o the Universe to the existence
and well-being of men or, more abstractly, to the production of
values; at other times the argument has turned chiefly upon spe-
cid instances of apparent design as, e.g., the human eye. The
latter type of reasoning was prominent among the rationalist
Theologians of the 18th and 1gth centuries. Paley's Natural
Theology, with its famous analogy between the eye and a watch,
isafamiliar example of this kind of presentation.

Before proceeding to a discussion of the present position of the
teleological argument it will be well to note the objections and
limitations which arise on a consideration of the argument itself.
These again have been clearly stated by Kant. It is obvious that
the argument by itself isnot sufficient to demonstrate the existence
o God. Even if it be admitted that there are evidences of de-
sign, it does not follow that they are due to one Mind. The facts
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might be. explained on the hypothesis of severa intelligences. |t
is only when we have reached the conclusion on other grounds
that the Source of Being is one, that the teleological argument
may tend to show that Source to be intelligent. The argument
again, tends to suggest an analogy with the carpenter or sculptor
who makes the best of his material and thus to lead to the con-
ception of God as the Architect of the Universe working upon
alien material. 1t may be alleged further, that the argument is
based upon purely subjective estimates, and implies an absurdly
anthropocentric conception of the universe. It cannot be denied
that the teleological conception has frequently been carried to
ridiculous extremes, and attempts have been made to show that
this is the "best of all possible worlds" in the sense that all its
features minister to human convenience; but these extremes are no
necessary part of the argument, and it may be observed that Kant
himself, in the Critique of Judgement, allowed that the teleological
judgment is necessary and inevitable in dealing with living beings
and the appreciation of the beautiful.

A permanent difficulty for the teleologica argument is the
existence of evil, particularly of pain, waste, and the missing of
apparent ends. If stress is laid on the "working towards ends'
which are good, stress should equally be laid upon the working
towards ends which to us appear to be bad. Additional weight
has been given to this objection by the evolutionary theory of
the origin o species through the struggle for existence and the
survival of the fittest. The Darwinian theory of evolution seems
to make death, defeat, and their concomitant pain, a necessary
part o the evolutionary process. On these and other grounds it
has been held, by Guyau, Bertrand Russell and many others, that
there is neither beneficent nor maleficent purpose in the world,
but that Nature is indifferent to the hopes, aspirations and needs
of man. Some answer to these objections may be attempted. |t
is argued, for example, that the amount o pain in the lower
orders o creation has been greatly exaggerated by the tendency
to interpret the experience of the lower animals in terms d our
own, and by the neglect o the consideration that the pains of
anticipation are absent in sub-human creatures. Suffering in
human beings again may be supposed to serve spiritual ends (see
James Martineau, A Study of Religion). The most conclusive
answer attempted to the problem o evil as an objection to a
teleologically ordered universe is that o Leibniz, who maintained
that this is the "best of all possible worlds.” Any other world
would have contained more evil and less good than the actually
existing one. This view depends upon Leibniz's conception of
the nature of possibility which, according to him, is determined,
not by the arbitrary will of God, but by “eternal verities" which
are absolutely valid for the Eternal Mind. Thus out o an infinite
number of possible worlds the Creator chose that which included
the greatest sum of good, and the evils in it exist as necessary
conditions for the greater sum o good. This theory has been
somewhat unfairly summed up by F. H. Bradley in the epigram,
"The world is the best of all possible worlds, and everything in
it is a necessary evil."

We may remark here that our view of the teleological argu-
ment will be profoundly affected by our view of the meaning o
“good” and "value." If we are “hedonists,” believing that good
means pleasure and the absence of pain, the teleological argument
will have little weight. The Universe is plainly not designed to
afford the greatest possible degree of pleasurable feeling. If on
the other hand, we conceive that value means the development of
spiritual and moral persons the argument will appear in a different
and more favourable light.

Therise of the evolutionary concept has had another and even
more important effect on the teleological argument. The prin-
ciple of the adaptation of species to their environment by survival
of those best adapted has removed the favourite examples of
teleology, such as the eye, from the sphere o directly created
things and offered a " natural™ explanation o their delicate adjust-
ment. The Darwinian and post-Darwinian theories of biological
evolution seemed to destroy the basis of the most popular argu-
ment for Theism. |t was evident that if the argument was valid
at all it needed completerestatement. Post-evolutionary exponents
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of the teleological argument have consequently laid stress, not on
particular instances of apparent design, but on the general trend
of evolution which, it is maintained, can only be explained by the
hypothesis o Divine Providence. A subtle statement d this line
of thought isto be found in Lord Balfour's writings, the Founda-
tions of Belief and Humanism aend Theism, in which he urges
that, unless there is some intelligent guidance of evolution, the
values of truth and beauty cannot be maintained.

The philosophical analysis of the idea of evolution in the
present century has led many thinkers to abandon a purely
mechanical conception of its method. The problem of newness
and the development of values has engaged attention. M. Bergson
has completely abandoned the mechanical view and substituted
the idea of " creative evolution,” new types of existence being in
his theory theresult of the effort of the Elan Vital to achieve free-
dom. Somewhat analogous is the conception of "emergent evolu-
tion”™ which was worked out by Professor S. Alexander and
Professor C. Lloyd Morgan and adopted by several other English
authorities. The "emergent” theory of evolution distinguishes
between two types of effect, "' resultants™ which are the predictable
outcome of previously existing conditions, and " emergents" which
are specifically new and not completely predictable. New species,
and in particular new types of being, such as life, consciousness
and self-consciousness, would thus belong to the " emergent™ type
of effect. None o these writers would describe his view of evolu-
tion as definitely teleological, and Bergson is as much opposed to
teleology as to mechanism; but it is obvious that such conceptions
of evolution are leading in the direction of at least "immanent
teleology™; and it may be argued that a purely immanent teleology
is not by itself an intelligible conception. On the whole then, it
may be said that the movement of thought is in favour of a
restatement of the teleological argument.

The inherent tendency of the human mind to think in the
teleological mode suggests that there is really an a priori element
in the argument. The mind is irresistibly impelled to regard the
Universe as rational, i.e., as pervious to its categories and methods
of thought. On this irresistible assumption or "act of faith" the
whole structure of science is built. It is one further step in the
same process to regard the Universe as rational in the fullest sense,
i.¢., as a teleological system which exists for an end which we
can accept as reason for its existence— the production of values
or of good.

The Ontological Argument.— This is the only one among
the traditional "proofs” which is explicitly a priori. It is the
inference from the idea of God to the existence of God, and does
not employ any data derived from observation. The argument,
though adumbrated by S. Augustine, was first clearly presented
by S. Anselm (1033-1109) in his work the Proslogium. Even the
fool "who says in his heart, there is no God" has the idea of God,
otherwise he would not be able to deny His existence. The idea
o God is the idea of "that than which no greater can be con-
ceived” (id quo nikil majus cogitari potest). Now this idea can-
not be in the understanding aone, because if it were, it would
not be theidea o that than which there can be nothing greater, for
a Being who existed would be greater than a being who did not
exist. (It should be noticed that majus does not mean simply
magnitude but includes value.) In other words, the idea of the
greatest conceivable implies the existence of that Greatest. The
obvious objection to this line of reasoning was raised by Gaunilo
during Anselm's lifetime in his Liher pro Imsipiente. Gaunilo
dissented from the passage from idea to existence, and adduced
the famous illustration o the " perfect island,” which he argued,
on Anselm's principle, must exist. The essence of Anselm's reply
to this objection is to draw a distinction between that which is
the greatest conceivable absolutely and that which is the greatest
only relatively as the member d a class. The idea of God is the
idea of "that than which nothing greater can be conceived" abso-
lutely, and to this idea alone the ontological argument applies.

The subsequent history of the ontological argument has been
curious. It has been rejected by many considerable thinkers as
a patent fallacy and by others regarded as the'foundation of con-
structive thought. Descartes. who is sometimes held to be the
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father of modern philosophy, adopted it in two forms as the
corner stone of his system, the bridge by which he passed from
universal doubt to confidence in the possibility of knowledge.
Descartes places in the forefront the consideration of the posses-
sion by the mind of theidea of an infinite and perfect being, and
the question how thisidea can originate. | cannot derive it from
myself, because | am certainly neither infinite nor perfect. The
idea then implies a really existent infinite and perfect Being as
its source. Descartes adds an important element to the argument
by distinguishing between the positively infinite and the merely
"indefinite." The latter is a negative idea implying simply the
absence of limits, the former is concrete, and is the idea of God.
Unless | were in possession of the positive idea of infinity and
perfection | should not know myself to be finite and imperfect.
Descartes also states the ontological argument very much in the
form given to it by Anselm. Though in all other instances it is
possible to distinguish between essence and existence and to con-
ceive of a being as not existing, this is not possible in the single
case of theidea of God. "The existence can no more be separated
from the essence o God than the idea of a mountain from that
of avalley. . .. Itisnot lessimpossible to conceive a God, that
is, a being supremely perfect to whom existence is wanting, or
who is devoid of a certain perfection than to conceive a mountain
without a valley." (Meditations III. and V.) The ontological
argument was also adopted by Leibniz, who made the addition to
it that we need first to demonstrate that theidea of Godisthe idea
of a possible existence.

The great flaw in the argument in its traditional form was
clearly shown by Kant, who pointed out that it implies existence
to be an attribute of the same nature as other attributes the
absence of which would constitute imperfection, whereas this is
not the case, since every concept we form is of a being as existing
in some sense. Kant's illustration however, of the "hundred
thalers,"” which are the same in properties in the imagination as
in the pocket though not the same in usefulness, seems to miss
the point even more obviously than Gaunilo's perfect island. The
permanent value in the ontological argument has been emphasised
by Hegel. It isthe necessary attempt to bridge the gulf between
thought and things, between concept and reality. In this senseit
is really at the root of all thought. However we may express it,
we are compelled to hold that what the mind necessarily thinks
qua mind is real, that there is no impassable chasm between the
“ordo idearum” and the “ordo rerum.” All philosophies which
distinguish between appearance and Reality on the ground that
the irrational cannot be the real, rest upon something akin to the
ontological argument. Probably it would be better to say, "upon
an ontological assumption.” The ontological argument is, in
truth, an attempt to put into the form of a train of reasoning a
postulate without which the mindis helpless. 1t may be questioned
therefore whether the ontological argument or postulate leads us
directly to the God of religious experience. |t leads rather to the
conception of an absolute or rationally coherent system of being.

_ Before leaving the famous "three proofs” a remark must be
made on their value for modern Theism. Before Kant's drastic
criticism they were taken to be demonstrative proofs of the
existence of God at least by the rational theologians |t is clear
that as demonstrations they are unsafisfactory. This does not
mean, however, that they are devoid of value. The post-Kantian
Theist would, in most cases, adopt a different approach to his
problem. The central question d constructive philosophy does
not present itself to him in the form: given the idea o God as a
belief, to find some rational proof of His existence. Rather the
problem presents itself as analogous to the scientific problem:
given the universe as disclosed in experience, to find the most
reasonable account of it. Several hypotheses present themselves
for consideration, among them Theism. The question before the
mind of the philosopher, therefore, is to decide which of the pos-
sible hypotheses squares most adequately with the whole experi-
ence of the universe which is open to us. The Theist maintains
that his hypothesis is the most rational in this sense. The tradi-
tional.arguments, on this view, call attention to various aspects,
of the universe which, when taken up into reflective thought, go
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to support the Theistic view. Thus in spite of their failure as
demonstrative arguments they have great value as indicating lines
of thought, suggested by experience, which tend to substantiate
the Theistic theory. (For a fuller statement of this see W. R.
Sorley, Moral Values and the Idea of God, and W. R Matthews,
Studies in Christian Philosophy.)

The change in the method o approach to which we have
referred in the preceding paragreph is reflected in the type o
argument on which modern Theism has laid greatest stress.
Though not putting on one side the “rational” proofs, the main
appeal in the philosophy of Theism has been to considerations
drawn more directly from experience, and particularly from moral
and religious experience.

The Moral Argument. — Kant is the historical turning-point
in the philosophy o religion. His criticism of the Theistic proofs
was not made in the interest of Atheism, and he was an agnostic
only in the technical sense that he denied the possibility of arriv-
ing at a knowledge of God by the pure or speculative reason.
Religion belongs to the sphere of moral faith, of the "practical
reason.”” There are three postulates d the moral reason, God,
Freedom and Immortality; these cannot indeed be proved in any
scientific manner, but the consideration o the limits of theoretical
knowledge leads us to see that the pure reason cannot disprove
their validity. It remainsneutral. We are therefore free to affirm
the three ideas without which our moral experience of the author-
ity of the moral law and the inexhaustible ideal of holiness could
not be conceived as rational. Thisis Kant's fundamental position.
The train of reasoning by which he seeks to establish the neces-
sity of the postulate of God is less important, being complicated
by his peculiar views of the nature of the moral experience. The
argument turns on the alleged moral demand that the highest
holiness should ultimately coincide with the highest happiness.

The moral argument has been presented in various forms by
important writers of the rgth and 20th centuries. Theories of
ethics naturally fall into two classes, (1) those which take the
fundamental concept in morals to be duty and the moral law;
(2) those which take the idea of the Good to be fundamental.
From both o these standpoints Theistic conclusions have been
defended. James Martineau in his Types of Ethical Theory and
A Study of Religion adopts on the whole the first, T. H. Green's
Prolegomena to Ethics and W. R. Sorley's Moral Values and the
Idea of God are salient representatives of the second, while Dr.
Hastings Rashdall's Theory of Good and Bil combines to some
extent both points of view.

There are three elements in the moral consciousness on which
stressis laid in Theistic arguments. (a) The authority which the
conscience attributes to the moral ideal. This unique authority
cannot, it is urged, be explained on any view which does not allow
us to find the moral law in some way built into the structure of
the world, grounded in Reality. Other possible accounts of the
source o the sense of obligation really issue in an explaining
away of the moral "ought,” and hence in the consequence that
the fully moral lifeisirrational. Further, it is urged, the Theistic
view is the view which most clearly enables us to hold that the
moral law is not simply imposed externally but is the expression
o the deepest self and also that it is no mere individual product,
but of universal validity. (b) The "objectivity" of the moral
ideal. The conscience cannot be satisfied with the belief that the
moral ideal is dependent upon opinion, whether of the individual
or of groups. In spite of the obvious fact that moral ideas change,
the moral life depends upon the conviction that the moral ideal
itself is absolute. Though men’s apprehension of it may grow,
their apprehension does not create it. It may be argued that
Theism gives us the most rational account of this aspect of the
moral consciousness, since it suggests that the moral ideal may
exist in the thought of God. (c) The content of the moral ideal,
particularly when viewed in its social aspect. Though we know
what we mean by progress, we cannot conceive any temporal con-
dition which would be the final goal of socia progress. Unless
therefore we are prepared to alow that progress is towards an
end which is inherently unattainable, we are led to the thought
of an End which is beyond the temporal order Here again the
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theistic hypothesis appears to offer the most reasonable view,
since it would hold that perfect communion with God and herein
with al rational beings, is the nature o the highest Good. The
central thought of the mora argument in all its forms is this:
given man's moral experience at its highest we have the choice of
regarding it as rational and significant, or o explaining it away
as partially founded on a mistake with the probable consequence
of weakening its effectiveness. If we choose to regard it as
rational and significant Theism is the view o the world which
will most adequately fulfil our demands.

The Argument from'Values in General.— Strictly speak-
ing the moral argument is a special case d the line of reasoning
which sets out from the existence of values. The worla manifests
the character of having value, or of being the occasion d our
apprehension o value. Truth, goodness and beauty are rea in
our experience. In every case however, we are led to the con-
ception of an absolute value, a complete Truth, a perfect Good
and Beauty. The very fact that we recognise degrets o truth,
goodness and beauty, implies that we tacitly presuppose an abso-
lute standard towards which the partial values which we enjoy
are approximations. Nor again, can we suppose that in the end
these values are opposed to one another, though in finite experi-
ence they may sometimes seem to conflict. On the contrary, the
Ultimate values must form a Unity, or rather perhaps, be aspects
or attributes o one Supreme Value, which is what we mean by
God. This is the line o thought which carries on the Platonist
tradition in Christian philosophy and is impressively stated by
Dr. W. R. Inge in his Philosoply of Plotinus and other writings.

Religious Experience.— Among the ancient arguments for
Theism should be enumerated the argument e consensu Gentium,
from the agreement of the nations. The evidence to be derived
from the fact that all men everywhere believed in the Divine was
insisted on by the Stoics and has been held to show that the idea
of God is "innate" in the human mind. Precisely in this form
the reasoning is open to objection. Locke, in his polemic against
"innate ideas" in general, pointed out that the argument collapsed
when we asked, what idea o God is innate? for the conceptions
of the divine held by savages differ profoundly from those of
civilized nations. The study of Comparative Religions since the
time of Locke has served to support in detail his contention; but
on the other hand it has shown that religion is practically a uni-
versal phenomenon wherever the human race is found. A new and
more profound approach to Theism, which has some affinity with
the old argument e consensu Gentium, has been opened by this
enlarged knowledge. It is now possible to study the religious
experience d mankind as a whole. When this is done we can dis-
cern an upward movement of the experience and o the concepts
of the Divine in which it finds expression. This upward movement
does not take place over the whole field, but certain principles
of development may be noticed which are fully exemplified only
where the religious impulse has free course. The primitive ideas
of animism and polydaemonism, give place to polytheism, which
in turn is displaced by monotheism either in the form o pan-
theism or ethical monotheism. It is always open to the critic to
dismiss the whole religious experience o humanity as based on
illusion and mistake; but such a drastic rejection of a universa
type of consciousnessis hard to justify. If we base our knowledge
of the Universe on experience, religious experience has a clam
to be included. If further, we find that the religious experience
tends to pass from obviously inadequate forms to forms which
lend themselves to rational presentation, we shall be justified in
regarding the later and higher as the nearest approximations so
far to adequate discriminations of the Object with which all
religious experience is concerned.

Parallel to this consideration of the general development of
religious experience runs the evidence to be derived from a study
of the great religious personalities. and particularly o the mystics.
The mystical type of religious "genius™ seems to enjoy an imme-
diate contact with the Divine, and the statements made by such
persons have some general agreement. Too much stress should
not be laid on their testimony to the truth of Theism, since
some of the evidence would support Pantheism rather than
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Theism, and there is a tendency among mystics to interpret their
experience in terms of the religious imagery in which they have
been brought up. The witness of the mystics to the supernatural
is impressive, and they may be linked with the general argument
from religious experience as salient instances o its power at
every level. It is urged by several Christian writers that the
definitely Theistic mysticism of the Christian mystics is a higher
and more complete type of mysticism than any other. (See, for
example, W. R. Inge, Christian Mysticism, E. Underhill, Mys-
ticism, and R. Otto, West Ostliche Mystik.)

In concluding this summary of grounds of Theistic belief we
must remark again that few philosophical Theists would rest their
case on a direc. demonstration or claim that they were in posses-
sion of an “apodeictic” argument; they would urge that the full
force of the reasonsin favour of Theism can only be appreciated
when it is compared with other possible views of the Universe,
and that several converging lines of thought form a cumulative
argument which is difficult to resist.

SOME PROBLEMS OF THEISM

The Theistic view o the world isnaturally impelled to articulate
itself by considering the problems of the nature of God and His
relations with the world. Some of the more important of these
problems must now be briefly indicated.

Divine Personality. — Most Theists, if not all, would agree
that God is, in some sense, personal, or at least not of a nature
inferior to personality. The latter tenet seems to be implied in
the Theistic hypothesis, for othenvise God could not be thought
of as the Supreme Vaue. |t isimportant however, to distinguish
between the two propositions, "God is personal™ and "God is a
person.” Though the second of these propositions has been held
by many Theists, it is not an essential point. Orthodox Christianity
cannot be cited on behalf of the belief that God is a person, for
the doctrine of the Trinity would suggest that the Godhead is a
Unity of Persons. No one, of course, would maintain that God
is a person in precisely the same sense as human beings are per-
sons, and in view o this some would prefer to speak of the
Divine Nature as Supra-Personal, others, on the conlrary, as for
example Lotze, would hold that God alone is the perfect person
and that finite selves are "pale shadows" of His personality. No
very vital principleis involved in this difference, so long as those
who prefer the term “supra-personal” are clear that it is not a
polite phrase ior "impersonal." Theistic religion is profoundly
concerned to maintain that God is a being with whom personal
relations are possible; if that be abandoned we shall be com-
pelled to dismiss that religious experience, which Theists take to
be the highest and most significant, as illusion. The main the-
oretical ground for accepting Divine Personality is the contention
that personality is the highest type of existence known to us,
the "bearer," the discerner, and the creator of values, and also
that personal life is the most conspicuous instance of multiplicity
in unity, it is, as Plotinus caled it, a wAfjfos & : the category of
personality would appear, in itsideal form, to suggest an ultimate
solution of the problem of the One and the Many. A difficulty has
been raised concerning the attribution of personality to God on
account of the aleged necessity of a "not-self” distinguishable
from the self in all cases of self-consciousness. The discussion of
this problem by Lotze in his Microcosmus (Bk. 1 X , Chap. 1V.),
remains the classical authority. It is noteworthy however, that
this specia difficulty does not press with such force upon the
Trinitarian form of Theism. On any Theistic view it would appear
that the created order must be in some sense a "not-self" with
respect to God, since the identification of the created order with
the Being of God would be Pantheism.

Divine Attributes. — TheTheistic doctrine of God has usually
included an account  the Divine Nature under the title o
“attributes,” but the error must be carefully guarded against of
conceiving the Divine Nature as the sum of the Divine Attributes.
They are rather different aspects from which the Divine Being
may be viewed by us. The traditional division is into Meta-
physical and Moral. The Scholastic Theology considered the
Metaphysical Attributesto be those which refer to God as Heisin
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Himself and the Moral Attributes those which refer to Him in
relation with the world. 1t may be questioned however, whether
the human mind is capable of having knowledge of God d that
absolute character suggested by this definition of the Metaphysical
Attributes. If the division be retained it is perhaps better to say
simply that by Metaphysical Attributes we mean those which have
a primarily intellectual importance, such as Unity and Infinity,
while by Moral we mean those which have a directly practical
bearing, such as Righteousness and Love. The classification, how-
ever, is of doubtful value, since even the attributes which are
most evidently "metaphysical” have profound religious results,
and those which are "moral" have metaphysical import.

Reflection upon the Being of God has followed along two paths
—the via negativa, and the via eminentiae. The first of these
methods turns on the conception of God as the Infinite and
works with a negative conception of infinity. God, being infinite,
cannot be described by any predicates which would imply limita-
tion. All positive assertions, however, imply such a limitation.
It follows therefore that no positive quality can be affirmed o
God, not even goodness or indeed even being, so that if we say
that God is 76 8» we must also say that He is equally 76 w7 8w.
Clearly this method leads to a position which is hardly distinguish-
able from Agnosticism. The via eminentiae starts with the con-
ception of God as the Ground and Source of all existence and
with the postulate that the Ground must be adequate to the con-
sequences. All positive qualities, therefore, which occur in created
existence must be ascribed to God; but plainly not " simpliciter";
they are, so to speak, raised to infinity. Knowledge is in God
Omniscience, Will Omnipotence, Beauty perfect Loveliness. We
must observe here that the via eminentiae really implies the view
that evil is not positive being but privation or defect of being,
aview which was held by Augustine and Aquinas; for if evil were
a positive existence or quality of existence the argument o the
via eminentiae would lead usto predicate evil of God.

The Divine Attributes have been the subject of much subtle
and intricate speculation into which it isimpossible to enter here.
Brief remarks on two must be made, since they are of great
importance in Theistic theory. Omniscience is the perfection of
that quality of knowledge which is found imperfectly in some
created beings. Evidently the Divine knowledge cannot suffer
from the imperfections of human knowing. It is scarcely appro-
priate to imagine the Divine Intelligence engaged in "discursive"
thought and pursuing trains of reasoning. The most adequate
human knowledge is that described by Spinoza as scientia
intuitiva, intuitive knowledge in which grounds and conclusion
are apprehended in one intellectual act. Of this kind, it would
seem, the Divine knowledge must be. We are brought here to the
recognition of one aspect of the Divine Infinity and Eternity.
Human knowing is a part of a temporal experience and therefore
itself a temporal process. The Divine experience and knowledge
cannot be temporal, or at least cannot be "in time" A recogni-
tion of this truth has important bearing on some of the puzzles
of Christian and other Theologies connected with the Divine
Foreknowledge. If the Divine Experience is not successive but
simultaneous, the expression "foreknowledge" is evidently mis-
leading and indicates that in presenting to ourselves the Divine
Nature and Experience we are compelled to make use of inade-
guate concepts derived from our own experience, and hence to
encounter problems which are insoluble because we have not the
terms in which to state them accurately. *

The same remarks apply to the attribute of Omnipotence in
which we attempt to indicate the nature of the Divine Will.
Clearly a supra-temporal will is beyond our powers of adequate
conception This does not prove, as Spinoza held, that will is
absent from God's experience, but it certainly shows that we can-
not transfer ideas derived from our experience o finite acts of
will directly to the Divine Will. The conception of Omnipotence
gives rise to problems which are, in their nature, not completely
soluble by human reason. Two possible meanings of the word
have been suggested. 1t has been held, on the one hand, that
omnipotence implies not only the power to do all that is possible
but also that the determination of the possible is due to the will
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of God, so that the fundamental laws of thought and of morality
are fiats of the Divine Will and not limitations upon it. On the
other hand, it is held that the will of God is determined by the
principles o reason and goodness which are inherent in His
Nature and that omnipotence means the power to do all that
is possible. Of these two views the latter is to be preferred, since
the former asks us to conceive of the Divine Will as arbitrary
and not in any intelligible sense either rational or good. Even so,
however, it cannot be pretended that all difficulty has been re-
moved from the conception of omnipotence, and we may perhaps
be content to say, with Schleiermacher, that both omnipotence
and omniscience are ways of expressing the fundamental convic-
tion of Theism that all things ultimately depend upon God.

Creation and Self-limitation.— Theism does not identify
God and the world. 1t maintains indeed that God is immanent
in creation but also transcendent, and it holds therefore that there
isarea distinction between God and the world. This distinction
is expressed in the idea of Creation. Theism on the whole has
preferred the idea of creation to that of emanation, which is the
idea adopted by systems which lead to Pantheism. Emanation
implies that the world proceeds from the Divine Being by a kind
o necessary process, a common figure being that of the sun and
its rays. Creation, on the other hand, emphasizes the factor of
will and implies that the world exists as a result of an act of
choice. Creation does not necessarily involve a belief that the
world began at a definite moment of time or that the creative act
o God is single; it is perfectly compatible with the belief in a
continuous creation which would be in harmony with modem
theories of evolution.

Any belief in creation, and indeed any belief in the reality of
freedom, seems clearly to necessitate some limitation of the
omnipotence and perhaps of the omniscience of God. At the same
time, Theism cannot admit that any portion of existence is abso-
lutely independent of God. To meet this dilemma the thought
o adivine "self-limitation™ has been employed. Admittedly this
is a thought which cannot be articulated in any detail. We cannot
know the conditions of such self-limitation. But the conception
itself is required by the facts as they appear in religious and
moral experience. We may urge that the idea is not really con-
tradictory of omnipotence, for an omnipotence which could not
limit itself would not be omnipotent. And there is no inherent
difficulty in the moral attributes of God, for it may be argued
that the development of free moral persons who can enter into
communion with God is the ultimate purpose of creation, and
that this end could not be attained apart from a limitation of the
divine power which makes freedom possible and with it both
moral good and moral disaster

A difference of opinion among Theists exists on the question
whether creation is in any sense necessary to God. On this point
traditional Christian theology and some modem idealistic inter-
pretations of Christianity (e.g., Hegel’s) are at variance. Chris-
tian theology on the whole has laid down that the world isin no
way necessary to God and that its creation does not add to His
perfection or satisfaction. The opposite view, which emphasises
the Divine immanence, holds that the world is as necessary to
God as God to the world. A distinction should be made between
the active and passive sense of “creation.” Thusit might be con-
ceived that creation is an essential attribute of God and at the
same time that the present universe is not necessary to God, that
to create is an eternal activity of God but no product of that
activity is eternal. A theory of this kind would avoid the diffi-
culties which arise when we attempt to conceive a beginning of
creation. (On this point see further, Studies in Christian Philos-
ophy by W. R. Matthews.)

A problem in Theistic philosophy closely connected with the
foregoingisthat of the place of sufferingin the Divine Experience.
Here again the weight of Christian thought is against the admis-
sion o anything which would seem to qualify the absolute self-
sufficiency and perfection of the Divine Nature. Suffering arises
through frustration and limitation, conditions which are hardly to
be thocght of in connection with the Supreme Being Against this
may be set some considerations arising from the problem of evil
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and the moral perfection which we believe God to possess. |t
would seem difficult to think of Divine Sympathy with suffering
if suffering could not enter into the Divine Experience; and it
would seem strange to ascribe moral perfection to God if self-
sacrifice, which involves voluntary pain, were excluded. On these
grounds many writers on Theism and Christian Theologians in
the present century have argued that suffering must enter into
the Divine Consciousness, and some have urged that this is really
an essential element in the Christian view o the world. (For a
survey of opinion on this subject see J. K. Mozley, The Impassi-
belity of God.) It must be observed, however, that Theism could
not admit that suffering is the dominant note o the Divine
Experience. To do so would be to fall back upon the conception
o a "God" so limited and struggling that He may be ultimately
defeated. Our experience, however, offers us an analogy which
throws light'upon the problem. At the highest level of spiritual
life a condition of "blessedness” has sometimes been attained
which is far different from a condition of mere pleasure and
absence of pain. Pain entersinto it as an essentia element, but
the condition itself is not one o pain, rather it is one in which
the «df finds its truest satisfaction and which it would not
exchange for any maximum o pleasant feeling. Of this kind,
though in an infinitely higher degree, we may imagine the life of
God to be.

BisriocraraY.—Among Other works see Cadecott and Mackintosh,
Selections from the Literature of Theism (1go4); A. S. Pringle-
Pattison, The |dea of God (2nd €d., 1920) ; James Ward, The Realm
of Ends (3rd ed., 1920) ; Charles Gore, Belief in God (1921) ; C.C. J.
Webb. Divine Personality and Human Life (rg20); Problems in the
Relations of God and Man (1911); G. Galoway, The Philosophy of
Religion (1914); A. C. Fraser, Philosophy of Theism (1899) ; F. von
Hugel, Mystical Element in Religion (igog), Eternal Life (1g12);
A. Caldicott, Philosophy of Religion (1go1); W. Temple, Mens
Creatrix (1917) ; H. Hoifding, Philosophy of Religion (1906) ; A. E.
Taylor, art.," Theilsm" in Hastings’ Enc. Rel. Eth. (W.R. M.)

THEISS: see Tisa.

THELEPTE, an ancient Roman city in western Tunisia, 35
m. S.W. of Sufetula (Sbeitla), 2,650 ft. above sealevel. The ruins
are extensive, but most o the buildings are almost entirely
destroyed, and only their ground plan can be recognized. To
the south-west are some massive remains d baths.

THEMIS. (1) An ancient goddess, often identified with Ge,
said to have been the occupier of Delphi in days before Apollo
(see OrAcCLES). She is the mother of Prometheus (g.v.). (2) A
goddess of justice (cf. NEMESIS). |n Homer féus is used both as
a common noun (doom, decree; cf. GReex LAaw) and as a proper
name; Themis is the servant or companion o Zeus, her chief
function being to summon the assemblies o both gods and men
(Odyssey, ii. 68). In the Hesiodic theogony, she is the daughter
of Uranus and Ge, and according to Pindar the wife of Zeus, by
whose side she sits, assisting him with her advice, which is even
better than that of any of the gods. She is the mother d the
Horae and of the Fates (g.v.). Her opposite is Hybris (#8p:s),
insolent encroachment upon the rights  others. The exact rela-
tion between (1) and (z), save that they have in common the
idea of stability {Oéuts, root de, place) is obscure. Orphic poetry
makes her a daughter o Helios.

See R. Hirzel, Themis, Dike, und Verwandtes (1907).

THEMISTIUS (317-?390), named euphrades (*'eloquent™),
statesman, rhetorician and philosopher. who proclaimed himsdf a
follower of Aristotle, but also drew freely upon Plato, holding that
there is no real opposition between the two. He was born in Paph-
lagonia and educated in philosophy by his father Eugenius. He
taught at Constantinople, where, apart from a short sojourn in
Rome, he resided during the rest of his life. Though a pagan, he
was admitted to the senate by Constantiusin 355. He was prefect
of Constantinople in 384 on the nomination o Theodosius. There
are extant some paraphrases o the treatises of Aristotle, which
belong to the earlier years of hislife, and 34 orations. The former
are valuable; but the orations in which he panegyrizes successive
emperors, comparing them to Plato's "true philosopher.” are
servile. It is the practical application of Plato's doctrine that
interests him; and for him the other branches o philosophy are
subordinate to ethics.
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THEMISTOCLES (c. 514-449 B.C.), Athenian soldier and
statesman in some respects probably the ablest and most far-
sighted whom Greece produced in thefirst haf of the sth century.
He was the son of Neocles, an Athenian of no distinction and
moderate means, his mother being a Carian or a Thracian Hence
according to the Periclean law &£ audoiv dorotv he would not
have been a free Athenian at al (see PericLEs). Thucydides
observes that, though he lacked the culture typical of the Periclean
age, he displayed a marvellous power of analysing a complex
situation together with a genius for rapid action. Plutarch
similarly enlarges on his consuming ambition for power both per-
sonal and national, and the unscrupulous ability with which he
pursued hisends. Of hisearly years littleis known. He may have
been strategus of his tribe at Marathon.

At dl events the death of Miltiades left the stage to Aristeides
and Themistocles. It is sufficiently clear that their rivalry turned
largely on the fact that Themistocles was the advocate of a policy
of naval expansion. This policy was unquestionably of the highest
importance to Athens and indeed to Greece. Athens was faced
by the equal if not superior power of Aegina, while the danger of
a renewed Persian invasion loomed large. Themistocles per-
suaded his countrymen to put in hand the building of 200 triremes,
and to fortify the three natural harbours of Peiraeeus (see E.
Gardner, Ancient Athens, 562 f.) in place of the open roadstead of
Phalerum. For the building o the ships Themistocles persuaded
the Athenians to allocate 100 talents obtained from the new silver
mines at Laureium (Azk. Pol. 22) which were about to be dis-
tributed to the citizens (xo drachmae each). One hundred of the
proposed 200 mere built.

He may or may not have been archon in 483, according to the
Ath. Pol., when this programme began. Dionysius o Halicar-
nassus places his archonship in 493-92, in favour of which are
several considerations. In 487 the office lost much of its impor-
tance owing to the substitution of the lot for the election; the
chance that the lot would at the particular crisis of 483 fall on
Themistocles was obviously remote. In any case, the chief men
of the other side disappear one by one— culminating in the ostra-
cism of Aristeides in 482, and the year prior to the invasion of
Xerxes found Themistocles the chief man in Athens if not in
Greece. Though the Greek fleet was nominally under the con-
trol of the Spartan Eurybiades, it was Themistocles who forced
the indecisive battle o Artemisium, and by his threat that he
would lead the Athenian army to found a new home in the West,
and by his treacherous message to Xerxes, precipitated the en-
gagement at Salamis (see P. W. Dodd in Class Rev. 27, p. 117).
The retirement of the Persians left the Athenians free to restore
their ruined city (see ATHENS). Sparta opposed the rebuilding of
the walls, but Themistocles by a subterfuge got the walls built
high enough to be defensible. He also carried out his original plan
o making Peiraeeus a harbour and fortress for Athens. Athens
thus became the finest trade centre in Greece, and this fact,
coupled with Themistocles' remission of the alien's tax ( uerotkiov)
induced many foreign business men to settle in Athens.

After the crisis of the Persian invasion Themistocles and Aris-
teides appear to have composed their differences. But Themis-
tocles soon began to lose the confidence of the people, partly
owing to his boastfulness (it is said that he built near his own
house a sanctuary to Artemis Aristoboulé "of good counsel™)
and partly to his aleged readiness to take bribes. Diodorus (xi.
54) and Plutarch (Themist. 23) both refer to some accusation
levelled against him. There is, however, much difficulty regarding
this accusation; it may be simply a misunderstanding of his
ostracism. Some time between 476 and 471 he was ostracized. He
took refuge eventually in Asia Minor, and was proclaimed a traitor
in Athens. He was well received by the Persians and was allowed
to settle in Magnesia on the Maeander. He died at Magnesia at
the age of 65, and a splendid memorial was raised by the people
o the town, though it is said that his bones were secretly trans-
ferred to Attica. He was worshipped by the Magnesians as a god,
as we find from a coin on which he is shown with a patera in
his hand and a slain bull at his feet (hence perhaps the legend
that he died from drinking bull’s blood: cf. Aristoph. eq. 83;
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Diod. xi. 58; Plut. Them. 31).

Though his end was discreditable, though his great wealth can
hardly have been obtained by loyal public service, there is no
doubt that his services to Athens and to Greece were great. He
created the Athenian fleet and with it the possibility of the Delian
League (g.v.) which became the Athenian empire, and there
are many indications (e.g., his well-attested plan of expansion
in the west) that the later imperialist ideal originated in his fertile
brain.

Bisriocraray.—N. Wecklein, Uber Themistokles (1892); J. A. R.
Munro, " Chronology d Themistocles' Career,” Class. Rev. V1. (1892) ;
R. Nordin, Studien’in der Thermistoklesfrage (1893) ; A. Rosenberg,
"Die Parteistellung_des Themistokles," Hermes, 53, 1918); E. Cav-
aignae, “Eschyle €f Themistocle," Rev. Pkil., 14, 1921) ; See dS0 Camb.
Ane. Hist. vol. 4 and 5 (1926-27) and chig Greek histories.

THENARD, LOUIS JACQUES (1777-1857), French
chemist, author of a standard textbook on elementary chemistry
and discoverer of hydrogen peroxide, was born on May 4, 1777, at
La Louptiére, Aube. the son of a poor peasant, who made great
sacrifices for his son's education. He worked in a humble capacity
in the laboratory of Louis N. Vauquelin, who procured for him
various teaching posts. In 1802 when Vauquelin left the College
de France, he used his influence to secure Thénard’s succession to
the chair of chemistry. Later, ThCnard held the chair of chemistry
at the Ecole Polytechnique and at the Sorbonne. M ade a baron by
Charles X in 1825, he was a peer of France (1832), deputy for
Yonne (1827-30), chancellor of the university and a member of
the council of education.

Thénard died in Paris on June 21, 1857, and the name d his
native village was changed (1865) to Louptiére-Thénard in his
honour.

ThCnard was a great teacher, and his Traité élémentaire de
chimie ¢kéorique et pratique (4 vol., 1813-16) did more, perhaps,
than even his many important original discoveries to advance the
cause of science. With hislifelong friend, J. L. Gay-Lussac (g.v.),
he carried out many researches. His researches on esters (1807),
sebacic acid (1802) and on bile (1807), his discovery of peroxide
of hydrogen (1818) and his work on organic phosphorus com-
pounds (1846) deserve mention. The substance known as
ThCnard's blue he prepared in 1799 in response to a peremptory
demand by J. A. Chaptal for a cheap colouring matter, as bright
as ultramarine and capable of standing the heat of the porcelain
furnace.

A list of Thénard’s memoirs may be found in the Royal Society's
Catalogue of Scientific Papers.

THEOBALD (d. 1161), archbishop of Canterbury, was of
Norman parentage, but the date of his birth is unknown. Early
in life he entered the abbey of Bec, of which he became prior in
1127 and abbot ten years later. 1n 1138 he was elected to the see
of Canterbury, and as archbishop he behaved with a moderation
which is in striking contrast to the conduct of his rival, Henry of
Blois, bishop of Winchester. During the struggle between Stephen
and Matilda it was Bishop Henry who fought for the privileges of
the Church; Theobald, while showing a preference for Stephen's
title, made it his rule to support the de facto sovereign. But as
Stephen's cause gained ground the archbishop showed greater
independence. He refused to consecrate the king's nephew to the
see of York, and in 1148 attended the papal council of Reimsin
defiance of a royal prohibition. This quarrel was ended by the
intercession of the queen, Matilda of Boulogne, but another, o a
more serious character, was provoked by Theobald's refusal to
crown Count Eustace, the eldest son of Stephen, the archbishop
pleading the pope's orders as the excuse for this contumacy. In
1153 Theobald succeeded in reconciling Stephen with Henry of
Anjou, and in securing for the latter the succession to the throne.
He placed the interests of the Church in the hands of Thomas
Becket, his archdeacon. Theobald died on April 18, 1161.

In history Theobald lives chiefly as the patron of three eminent
men: Becket, who began life as a clerk in his household; Master
Vacarius, the Italian jurist. who was the first to teach Roman
law in England; and John of Salisbury, the learned scholar. Theo-
bald's household was a university in little; and in it were trained
many leading prelates of the next generation.
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See the Vita Theobaldi printed in J. A. Giles, Lanfranci Opera, vol. i.

(1844) ; W Hook, Lives of the Archbishops of Canterbury, ii. c. vi.
(1862) ; and K. Norgate, England under the Angevin Kings, vol. i.

(1887). (H W.C.D)

THEOBALD, LEWIS (1688-1744), English man of let-
ters, playwright and Shakespearian commentator, the son of an
attorney. was born at Sittingbourne, Kent. He was baptized on
April 2, 1688, and was educated for the law. He translated the
Phaedo of Platoin 1713, in 1714~15 the plays of Sophocles and of
Aristophanes, and in 1716 the first book of the Odyssey. Mean-
while he had got into trouble in 1716 on a charge of plagiarism in
his play The Perfidious Brother. But Theobald is remembered
neither as translator, nor as origina author, but for his work on
the text of the Shakespeare plays.

In 1726 he produced Shakespeare Restored, or a Specimen of
the many Errors as well Committed as Unamended by Mr. Pope
in his late edition of this Poet; designed not only to correct the
said Edition, but to restore the true Reading of Shakespeare in
all the Editions ever published (1726). Some of his happiest
emendations are to be found in this work, which conclusively
proved Pope's incompetence as a Shakespearian editor.

In 1731 Theobald undertook to edit Shakespeare for Tonson
the publisher. The work appeared in seven volumesin 1734, and
completely superseded Pope's edition. Subsequent editors reaped,
in many cases without acknowledgment or with actual scorn, the
fruit of Theobald's painstaking labour, his wide learning and his
critical genius.

His correspondence with Matthew Concanen, Styan Thirlby and
William Warburton is to be found in Nicholss Illustrations o Litera-
gége d(go 204-654), which dso gives the fullest account d his life.

R. F Jones, Lewis Theobald; his contribution to English
Scholarship (1g19).

THEOBALD, SAMUEL (1846-1930), U.S. ophthalmologist,
was born at Baltimore, Md., on Nov. 12, 1846. After receiving
his medical degree from the University o Maryland in 1867, he
specialized in ophthalmology and otology, studying in Vienna and
at the Royal London Ophthalmic hospital, 1870-71. Returning
to Baltimore in 1871, he helped found the Baltimore Eye and Ear
dispensary in 1874 and in 1882, with a few colleagues, set up the
Baltimore Eye, Ear and Throat Charity hospita. He was
ophthalmic surgeon at Johns Hopkins hospital (1889-1925), clini-
cal professor of ophthalmology and otology at the Johns Hopkins
School of Medicine (1896—1912) and professor of ophthalmology
at the same school (1g12-25).

During his career he published more than 100 articles dealing
with his specialty. Among them were descriptions of new instru-
ments, surgical procedures, case reports, etc. He also prepared
reports on the relationship between general diseases and diseases
o the eye and on the prevention of blindness. Among the new
techniques he developed were the use of boric acid in the eye and
the use of electromagnets for removing metallic particles from the
eye. He aso pioneered in the use of cocaine as an anesthetic.

In addition to many articles, Theobald published Prevalent
Diseases of the Eye (1906). He was president of the American
Ophthalmological society (1g10) and of the Medical and Chirur-
gica Faculty of Maryland (1goo). He died at Baltimore on
Dec. 20, 1930.

THEOBROMINE: see PuriNEs.

THEOCRITUS (c. 310-250 B.C.), Greek poet born in Syra-
cuse, was the creator of pastoral poetry. His poems were termed
idylls (eidyllia) by the grammarians. The word is a diminutive
o eidos and may mean “little poems."” Some, however, interpret
it as meaning "forms"; i.e., the bucolic, epic or lyric forms, and
apply it to Theocritus' poems because they are of many different
types.

There are no sure facts as to Theocritus' life beyond those
supplied by idylls xv, xvi, and xvii. One view is that after com-
posing xvi and perhaps iv and v Theocritus left Sicily and joined
the circle of Philetas in Cos, but soon found his way to Alexandria.
Later, on this view, he left Egypt and went either to Cos again
or to some other place; e.g., Rhodes, in the eastern Aegean. Idyll
vii was almost certainly written in Cos, but probably after the
visit to Egypt. The rest of the poems, except xv and xvii, which
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were no doubt composed in Egypt, may belong to either d the
visits to Cos or to that to Alexandria.

The writings of Theocritus must be handled with caution as
some of the poems commonly attributed to him have little clam to
authenticity. It is possible that at an early date two collections
were made, one o which included a number o doubtful poems
and formed a corpus of bucolic poetry, while the other was con-
fined to those works which were considered to be by Theocritus
himself. The record of these recensions is perhaps preserved by
two epigrams in the Palatine anthology, one of which (g:203)
proceeds from Artemidorus, the grammarian. who lived in the time
of Sulla and is thought by some to have been the first editor of
the bucolic poets. He says" Bucolic muses, once were ye scattered,
but now one byre, one herd isyours." The second epigram (Anth.
Pal. 9:434) is anonymous, and is translated as follows: "The
Chian is another. |, Theocritus, who wrote these songs, am one of
the many Syracusans, the son of Praxagoras and famed Philinna.
| never sought after a strange muse." The last line may mean he
wrote nothing but bucolic poems, or that he wrote only in Doric.
The statement that he was a Syracusan is confirmed by allusions
in the idylls.

The Suda lexicon states that besides the bucolic poems some
persons also attribute to Theocritus the following: Daughters of
Proetus, Hopes, Hymns, Heroines, Dirges, Lyrics, Elegies, lambics,
Epigrams. Except for the Hymns, Lyrics and Epigrams these
works are |ost.

Authentic Poems.— The poems which are generally held to be
authentic comprise bucolics and mimes, epics, lyrics and epigrams.

Bucolics and Mimes—The distinction between these is that
the scenes of the former are laid in the country and those d the
latter in a town. The most famous of the bucolics are i, vii, xi
andvi. IniThyrsissingsto agoatherd how Daphnis, the mythical
herdsman. having defied the power of Aphrodite, dies rather than
yield to a passion with which the goddess had inspired him. In
xi Polyphemus is depicted as in love with the sea nymph Galatea
and finding solace in song; in vi he is cured o his passion and
naively relates how he repulses the overtures now made to him by
Galatea. The monster of the Odyssey has been "written up to
date" after the Alexandrian manner and has become a gentle
simpleton. 1dyll vii, the Harvest Home, is the most important of
the bucolic poems. The sceneis laid in theisle of Cos. The poet
speaks in the first person and is styled Simichidas by his friends.
Other poets are possibly introduced under feigned names, but the
only certain identification is that of Sicelidas (line 40) as
Asclepiades o Samos. Theocritus declares that he is not yet
superior to the latter nor to Philetas o Cos, said to have been
his teacher, but boasts that his lays have been brought by report
even unto the throne of Zeus, meaning apparently that they have
secured the approval of Ptolemy Philadelphus. In lines 47-48 he
criticizes "the fledgelings of the Muses, who cackle against the
Chian bard and find their labour lost,” thus taking the side of
Callimachus in his controversy with Apollonius Rhodius over the
merits of epic poetry.

The other bucolic poems are less interesting. Several consist
o asinging match, conducted according to the rules o amoebaean
poetry, in which the second singer takes the subject chosen by the
first and contributes a variation in the same air. The peasants
of Theocritus differ greatly in refinement. Those in v are low
fellows who indulge in coarse abuse. This idyll and iv are laid
in the neighbourhood of Croton in southern Italy, and it seems
that Theocritus was personally acquainted with Magna Graecia.
Suspicion has been cast on viii and ix for various reasons. It is
clear that they were in Virgil's Theocritus and that they passed
the scrutiny o the editor who formed the short collection of
Theocritean Bucolics. Nevertheless, ix at any rate is not by
Theocritus.

The mimes are three in number, viz., ii, xiv, xv. In ii Simaetha,
deserted by Delphis, tells the story of her love to the moon; in
xiv Aeschines narrates his quarrel with his sweetheart, and is ad-
vised to go to Egypt and enlist in the army o Philadelphus; in
xv Gorgo and Praxinoa go to the festival of Adonis at Alexandria
These three mimes are wonderfully natural and lifelike.
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I't is convenient to add to the bucolics and mimes three poems
which cannot be brought into any other class: xii, a poem to a
beautiful youth; xviii, the marriage song of Helen; and xxvi, the
murder of Pentheus. The genuineness of the last has been at-
tacked on account of certain crudities, but the evidence o the
manuscripts and papyri is in favour of the poem. Eustathius
quotes from it as the work of Theocritus.

Epics—Two of these are encomia. In xvi the poet praises
Hiero II of Syracuse, in xvii Ptolemy Philadelphus. Two are
hymns, xxii to the Dioscuri and xxiv to Heracles; xiii is an epyllion,
or short epic, the story of Hylas and the nymphs. It cannot be
said that Theocritus exhibits signal merit in his epics. In xiii
he shows some skill in word painting, in xvi a passage at the end,
where he foretells the joys of peace after the enemy has been
driven out o Sicily, has the true bucolic ring. The most that can
be said of xxii and xxiv is that they are very dramatic. Three
poems in this group can be dated, though only approximately. In
xvii Theocritus celebrates the marriage of Ptolemy Philadel phus
with his sister Arsinoe. This marriage is held to have taken place
in 277 B.c.. and Arsinoe died in June 270. This poem, therefore,
together with xv. which mentions (lines 23-24) the queen as
alive, must fall within this period. So probably does a lost poem
called Berenice.

The encomium of Hiero seems prior to that of Philadelphus,
since in it Theocritus is a hungry poet seeking for a patron, while
in the other he is well satisfied with the world. Hiero first came
to the front in 276-275 B.c., when he was made "general";
Theocritus speaks of his achievements as still to come (line 73),
and the silence of the poet would show that Hiero’s marriage to
Philistis, his victory over the Mamertines at the Longanus river
and his election as "king," events which are ascribed to 270-269
B.C., had not yet taken place.

Lyrics.— These number four, xxviii—-xxxi. The first is a very
graceful poem presented together with a distaff to. Theugenis,
wife of Nicias, a doctor of Miletus, on the occasion of a voyage
thither undertaken by the poet. The three other lyrics are all
pederastic.

Epigrams. — These, numbering 24, are without special merit, and
their authenticity is often doubtful.

Doubtful Poems.— There remain the poems which are generally
considered spurious. They are as follows: xix, Love Stealing
Honey, which is anonymous in the manuscripts and has a concep-
tion of love that is not Theocritean.

Of the next group—xx, The Herdsman, xxi, The Fishermen,
xxiii, The Lover — only xxi possesses any merit. A moreinteresting
poem is xxv, Heracles the Lion-Slayer. This is a long poem con-
sisting of three episodes, the interview of Heracles with Augeas
bailiff, the review of the king's cattle and Heracles' recital to
Phyleus, the son of Augess, of the story o the Nemean lion.
The composition is not unworthy of Theocritus. The Wooing,
xxvii, contains imitations of Theocritus, but the tone and the
language betray a later writer.

Language and Metre.— Theocritus wrote in various dialects
according to the subject. The lyrics are in Aeolic, that being the
traditional dialect for such poems. xii and xxii were written in
lonic, as is stated in titles prefixed to them, but a number of
Doric forms have been inserted by the scribes. The epics in
general show a mixture of Homeric, lonic and Doric forms. The
bucolics, mimes and the marriage song of Helen are in Doric, with
occasional forms from other dialects.

The metre used by Theocritus in the bucolics and mimes, as
well as in the epics, is the dactylic hexameter. A feature in his
verse which has attracted much attention is the so-called bucolic
caesura. The rule is that, if there is a pause at the end of the
fourth foot. this foot must be a dactyl. This pause is common
in Homer, but Theocritus uses it so frequently in the bucolics
that it has become a mannerism. In the epics his practice agrees
with that of Homer.

Like all the Alexandrians Theocritus had no scruples about
borrowing with a variation from earlier Greek writers. Homeric
phrases, adapted to a new setting, crop up everywhere in his verse,
but he was no slavish imitator, and despite the scholiast it seems
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very improbable that in ii and xv he owed any considerable debt
to Sophron, the Sicilian writer of mimes. The latter idyll has
resemblances to the fourth mime of Herodas, but which preceded
. the other it is impossible to determine.

Theocritus’ Place in Poetry.—Like his contemporary Cal-
limachus, Theocritus was an accomplished literary artist and
modern.scholarship has thrown much light on the details of his
craftsmanship, but, whereas the poems of Callimachus (admittedly
most survive only in fragments) must remain “caviare to the
general,” Theocritus makes a universal appeal to the modern
reader for the reason that his bucolics and mimes, however ele-
gantly and at times eruditely expressed, reflect human nature,
which Callimachus’ poetry never does. This truth needs no
demonstration as regards the mimes. Cynisca and her lover (in
xiv) and Gorgo and Praxinoa (in xv) are manifestly real; so-too,
on a higher level of art, is Simaetha (in ii), as she recounts her
betrayal.

The bucolics, however, have sometimes been criticized as at-
tributing to peasants sentiments and language beyond their capac-
ity. There is something in the criticism, but comparison with
modern Greek folk songs, which owe little to literary influences,
reveals many striking resemblances between them and Theocritus’
bucolics and there can be little doubt that both derive from real
life. That life, set in a Mediterranean scenery of flowers, sun,
sea and mountainside and described by a master of style, will
never lose its charm.

BisrLioGrRAPHY.—Editions with commentary, etc.: A. S. F. Gow,
Theocritus, 2 vol.,, znd ed. (1952), vol. i containing introduction, text
and Eng. trans., vol. ii commentary; J. M. Edmonds, The Greek
Bucolic Poets, with Eng. trans., “Loeb Series” (1912); P. Legrand,
Bucoliques grecs, with text, French trans. and short notes, vol. i, 3rd
ed. (1946), vol. ii (1927). )

Editions of text only: C. Gallavotti, Theocritus quique feruntur
bucolici Graeci (1946) ; A. S. F. Gow, Bucolici Graeci (1952).

Translations: A. Lang, “Golden Treasury Series” (1906); A.S. F.
Gow (1953); J. H. Hallard, in verse, 4th ed. (1924).

Scholia and history of text: C. Wendel, Scholia in Theocritum vetera
(1914), Uberlieferung und Entstehung der Theokrit-Scholien (1920);
U. von Wilamowitz-Moellendorff, Die Textgeschichte der griechischen
Bukoliker (1906) ; R. J. Smutny, The Text History of the Epigrams
of Theocritus (1955).

General: P. Legrand, Etude sur Théocrite (1898); E.
Teocrito (1934). (E.

THEODECTES (c. 380-340 B.c.), Greek rhetorician and
tragic poet, of Phaselis in Lycia, pupil of Isocrates and Plato,
and an intimate friend of Aristotle. He at first wrote speeches
for the law courts, but subsequently composed tragedies with
success. He spent most of his life at Athens, and was buried on
the sacred road to Eleusis. The inhabitants of Phaselis honoured
him with a statue, which was decorated with garlands by Alexander
the Great on his way to the east. In the contests arranged by
Artemisia, queen of Caria, at the funeral of Mausolus, Theodectes
gained the prize with his tragedy Mawusolus (extant in the 2nd
century A.D.), but was defeated by Theopompus in oratory. Ac-
cording to the inscription on his tomb, he was eight times victorious
in 13 dramatic contests. Of his tragedies (50 in number) 13 titles
and some fragments remain. His treatise on the art of rhetoric
(according to the Suda written in verse) and his speeches are lost.
The names of two of the latter—Socrates and Nomos (referring
to a law proposed by Theodectes for the reform of the mercenary
service)—are preserved by Aristotle in his Rketoric.

The Theodectea was probably not by Theodectes, but an earlier
work of Aristotle, which was superseded by the extant Rhetorica.

THEODOLITE, a surveying instrument consisting of two
graduated circles placed at right angles to each other, for the
measurement of horizontal and vertical angles, a telescope, which
turns on axes mounted centrically to the circles, and an alidade
for each circle, which carries two or more verniers. The whole
is supported by a pedestal resting on footscrews, which are also
employed to level the instrument.

Theodolites are designed to measure horizontal angles with
greater accuracy than vertical, because it is on the former that
the most important work of a survey depends; measures of
vertical angles are liable to be much impaired by atmospheric
refraction, more particularly on long lines, so that when heights
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“have to be determined with much accuracy the theodolite must

be discarded for a levelling instrument. When truly adjusted
the theodolite measures the horizontal angle between any two
objects, however much they may differ in altitude, as the pole
star and any terrestrial object. The instrument is made in many
forms and modern surveying has introduced a great degree of
accuracy. For the uses of the theodolite and other details see
SurvevING. The name has been a puzzle to etymologists. Various
ingenious explanations have been given, all based on the apparent
Greek form of the word; thus it has been derived from fedgfa,
to see, 60ds, way, and Aerds, smooth, plain; from Oeiv, to run,
and doMtxods, long, and in other ways equally fanciful. Another
imaginary origin has- been suggested in a corruption of “the O
deleted,” i.e., crossed out, the circle being crossed by diameters
to show the degrees; others have found in it a corruption of “the
alidade.” It would appear, however, to be taken from the O. Fr.
theodolet or theodelet, the name of a treatise by one Theodulus,
probably a mathematician (see Notes and Queries, 3rd series, vii.
337,428, etc. Skeat, Etym. Dict., 1910).

THEODORA, the wife of the emperor Justinian (see Jus-
TINIAN I), was born probably in Constantinople, though according
to some in Cyprus, in the early years of the 6th century, and
died in 547. According to Procopius, our chief but by no means
a trustworthy authority for her life, she was the daughter of
Acacius, a bear-feeder of the amphitheatre at Constantinople,
and while still a child appeared on the stage. Becoming a noted
courtesan, she accompanied a certain Hecebolus to Pentapolis (in
North Africa), of which he had been appointed governor, and,
having quarrelled with him, betook herself first to Alexandria,
and then back to Constantinople through the cities of Asia Minor.
In Constantinople she attracted the notice of Justinian. He de-
sired to marry her, but could not overcome the opposition of his
aunt, the empress Euphemia. After her death (usually assigned
to the year 523) the emperor yielded, and as a law forbade the
marriage of senators with women who had followed the stage,
this law was repealed. Thereupon Justinian married Theodora.
They were some time after (527) admitted by Justin to a share
in the sovereignty; and, on his death four months later, Justinian
and Theodora became sole rulers of the Roman wotld. He was
then about forty-four years of age, and she some twenty years
younger. Procopius relates in his unpublished history (’Avéxdora)
many repulsive tales regarding Theodora’s early life, but his
evident hatred of her, though she had been more than ten years
dead when the Amecdota were written, and the extravagances
which the book contains, oblige us to regard him as a very doubt-
ful witness. James Bryce discovered in Rome what is believed
to be the only ms. of this so-called life of Justinian; he con-
sidered it worthless as an authority.

Theodora speedily acquired unbounded influence over her hus-
band. She had a right to interfere, for she was not merely his
consort, but empress regnant. In the most terrible crisis of
Justinian’s reign, the great Nika insurrection of 532, her courage
and firmness in refusing to fly when the rebels were attacking the
palace saved her husband’s crown, and no doubt strengthened her
command over his mind. Officials took an oath of allegiance to
her as well as to the emperor (Now., viii.). Procopius describes
her as acting with the greatest cruelties. The city was full of her
spies, who reported to her everything said against herself or the
administration. She surrounded herself with ceremonious pomp,
and required all who approached to abase themselves in a manner
new even to that half-Oriental court. She constituted herself the
protectress of faithless wives against outraged husbands, yet pro-
fessed great zeal for the moral reformation of the city, enforcing
severely the laws against vice, and immuring in a ‘“house of
repentance” on the Asiatic side of the Bosphorus five hundred
courtesans whom she had swept out of the streets of the capital.
How much of all this is true we have no means of determining,
for it rests on the sole word of Procopius.

But there are slight indications in other writers that she had a
reputation for severity. )

In the religious strife which distracted the empire Theodora
took part with the Monophysites. As Justinian was a warm up-
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holder of the decrees of Chalcedon, this difference of the royal
pair excited much remark and indeed much suspicion, and if it
should be true that Theodora disapproved o Justinian's western
conquests, her judgment must be acknowledged to have been cor-
rect.

In other matters also the wife spoke and acted very differently
from the husband; but their differences do not seem to have dis-
turbed either his affection or his confidence.

According to Procopius, Theodora had before her marriage be-
come the mother o a son, who when grown up returned from
Arabia, revealed himself to her, and forthwith disappeared for-
ever; but thisis a story to be received with distrust. That her
behaviour as a wife was irreproachable may be gathered from the
fact that Procopius mentions only one scandal affecting it, and
that with some hesitation, the case of Areobindus. Her health
was delicate, and, though she took al possible care of it, fre-
quently quitting the capital for the seclusion of her villas on the
Asiatic shore, she died comparatively young. Theodora was small
in stature and rather pale, but with a graceful figure, beautiful
features, and a piercing glance.

There remains in the apse of the famous church of S. Vitale at
Ravenna a contemporaneous mosaic portrait of her, to which the
artist, notwithstanding the stiffness of the material, has succeeded
in giving some character.

Nearly all the evidence against Theodora is derived from the
violently written Anecdota of Procopius, and has therefore been
suspected. (See especially Débidour’s L’Impératrice The'odora.)
Modern researches, particularly those of Panchenko, the Russian
scholar, have vindicated the general credibility of Procopius. Of
course, he can frequently be convicted of unfairness; he alwaysat-
tributes the worst motives. His description o the profligacy of
Theodora only proves his familiarity with the pornography of
Constantinople. But it rests on the solid witness of John of
Ephesus that Theodora's youth was disreputable. We gather too
from other writers that she was harsh and tyrannical, as, for in-
stance, from the references to her in the lives of the popes in the
Liber Pontificalis (which used to pass under the name of Anas-
tasius, the papal librarian). Her threat to the person whom she
commanded to bring Vigilius to her was "'nis hoc feceris, per Vi-
ventem in saecula excoriari te faciam." Much of what we findin
these lives is legendary, but they provide some evidence of Theo-
dora's reputation. Again, (3) the statute (Cod., v, 4, 23) which
repeals the older law so far as relates to scenicae mulieres is now
generaly attributed to Justin, and agrees with the statement of
Procopius that an alteration of the law was made to legalize her
marriage. There is therefore reason for holding that she was an
actress. About the beauty, theintellectual gifts, and the imperious
will of Theodora there can be no doubt. She was evidently an ex-
traordinary person, born to shine in any station o life.

Her fortunes have employed many pens. Among the later serious
works dealing with them may be mentioned M. Antonin Débidour’s
LImpératrice The'odora: Etude Critique (1883), which endeavoursto
vindicate her from the agpers’ons of Procopius; and among more
imaginative writings are Sir Henry Pottinger's interesting romance
Blue and Green (187g), M. Rhangabé’s tragedy ©eodapa (Leipzig,
1884), and M. Sardou's play Théodora, produced in Paris in 1834.
See ds0 F. Dahn's Prokopios von Casarea (1865) and B. Panchenko
in"Vizant Vremennik" voIP i1, iii and, in addition, the works cited under
JusTiNiAN |.

THEODORE, the name of two popes.

THEODORE |, pope from Nov. 642 to May 649, was a Greek, born
in Jerusalem. Noted for his generosity to the poor, he had to de-
vote most d his attention to the struggle against Monothelitism
(see MONOTHELITES) .

Theodore | refused to recognize the uncanonically installed
patriarch of Constantinople, Paul. In 648 he excommunicated
Paul's predecessor, Pyrrhus, who had relapsed into Monotheli-
tism, and the next year he declared Paul's deposition for the same
heresy.

THeopore II, pope for 20 days in Dec. 897, recognized the
validity of the acts of the deceased Pope Formosus (g.v.), whose
outraged corpse he reburied. (A. G. B1)

THEODORE | (1j57-1598), tsar of Russia, the son o lvan
the Terrible and Anastasia Romanova, nominally succeeded his
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father in 1584, but being of weak intellect was governed through-

. out his reign by the boyar, Boris Godunov, whose sister Irene he

married in 1580. On his death-bed he is said to have left the
throne to his consort, with the Patriarch Job, Boris Godunov, and
Theodore Romanov, afterwards the Patriarch Philaret, as her chief
counsellors. Irene, however, retired into a monastery and her
brother Boris stepped into her place.

THEODORE II. (1589-1605), tsar of Russia, was the son
of Tsar Boris Godunov and one of the daughters of Malyuta-
Skuratov, the infamous favourite of Ivan the Terrible. Pas-
sionately beloved by his father, he received the best available
education for those days, and from childhood was initiated into
all the mnutiae of government, besides sitting regularly in the
council and receiving the foreign envoys. He seems to have been
precociously intelligent, and the first map of Russia by a native,
still preserved, is by his hand. On the sudden death of Boris he
was proclaimed tsar (April 13, 1605). On July 1o, he was mur-
dered in his apartments in the Kreml.

THEODORE III. (1661-1682), tsar of Russia, wasthe eldest
surviving son of Tsar Alexius and Maria Miloslavskaya. 1n 1676
he succeeded his father. He had received an excellent education
at the hands of Simeon Polotsky, the most learned Slavonic monk
of the day, knew Polish, and even possessed the unusua accom-
plishment of Latin; but, disfigured and half paralyzed by disease,
he had been an invalid from his birth. 1 n 1679 he married his first
cousin Agatha and assumed the sceptre. His native energy was
not crushed by his disabilities; and he soon proved as thorough
a reformer as a man incompetent to lead armies and obliged to
issue his orders from his litter, or his bed-chamber, could be. His
consort, Agatha, shared his progressive views. On her death
(July 4, 1681) Theodore married Martha Apraksina. He died
on April 27, 1682, without issue.

THEODORE (602-690), seventh archbishop of Canterbury,
was born at Tarsus in Cilicia in 602. On the death of Wighard,
who had been sent to Pope Vitalian by Ecgberht of Kent and
Oswio of Northumbria in 667, apparently for consecration as
archbishop, Theodore, who had become prominent in the Eastern
work of the church, was recommended by Hadrian of Niridanum
to fill the vacant see. Vitalian consecrated Theodore in April
668 on condition that Hadrian, afterwards abbot of St. Peter's,
Canterbury, should go with him. Hadrian was detained for some
time by Ebroin, the Neustrian mayor o the palace, but Theodore
reached England in May 669. According to Bede’s account he
made a tour of the whole of Anglo-Saxon England, reforming
abuses and giving instruction as to the monastic rule and the
canonical Easter. Bede also declares that he was the first arch-
bishop to whom all the "church of the Angles" submitted.

In 673 Theodore presided at the first synod of the clergy in
England which was held at Hertford. Various disciplinary regu-
lations were emphasized, and an annual meeting arranged at a
place called Cloveshoe. After this council Theodore revived the
East Saxon bishopric, to which he appointed Earconwald. Soon
after the first expulsion of Wilfrid in 678 he divided the North-
umbrian diocese, appointing Trumwine bishop to the Picts. This
led to a quarrel with Wilfrid which was not finally settled until
686-687. In 679 Theodore intervened to make peace between
Ecgfrith of Northumbria and Aethelred of Mercia. He presided
at other synods held in 680 at Hatfield and in 684 at Twyford,
and died in 6go. A penitential composed under Theodore's direc-
tionis still extant.

See Bede, Hist. Eccl.,, edited by C. Plummer (Oxford, 1896) ;
Eddius, Vita Wilfridii in J. Raine's Historians d the Church of York
vol. i. (London, 1879) ; Anglo-Saxon Chronicle, edited by Earle and
Plummer (Oxford, 1899) ; Haddan and Stubbs, Councils and Eccle-
siagtical Documents (Oxford, 1869-78), iii. 173—213.

THEODORE LASCARIS (d. 1222), emperor of Nicaea,
was born of a noble Byzantine family. He became the son-in-law
of the Emperor Alexius III. and distinguished himself during
the sieges of Constantinople by the Latins (1203-04). After
the capture of the city he gathered a band of fugitives in Bithynia
and established himself in the town of Nicaea. Relieved of the
danger of invasion, owing to an incursion of Bulgarians into the
Latin empire, he set to work to form a new Byzantine state in
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Asia Minor, and in 1206 assumed the title of emperor. He de-
fended himself stubbornly against the Latin emperor Henry,
defeated his rival Alexius Comnenus of Trebizond, and carried
out a successful counter-attack upon Gayath-ed-din, the sultan
of Koniah. His crowning victory was gained in 1210, when in a
battle near Pisidian Antioch he captured the deposed emperor
Alexius II1. and wrested the town itself from the Turks.

See A. Meliarakes, Ioropia Tob Bagihéwov 7ijs Nikdias kal Tob AeomordTov
s "Hwrépov (Athens, 1898).

Theodore's grandson, THeopore II. (Lascaris), emperor from
1254 to 1258, is chiefly noticeable for two brilliant campaigns
by which he recovered Thrace from the Bulgarians (1255-56).
His ill-health and early death prevented his making full use o
his ability as a ruler.

THEODORE OF MOPSUESTIA (c. 350—428/9), early
Christian theologian, the most eminent representative of the so-
called school of Antioch, was born at Antioch about the middle of
the 4th century and was a friend of John Chrysostom; in rhetoric
the celebrated Libanius was his teacher. Soon, however, he attached
himself to the school of the great exegete and ascetic, Diodorus,
a presbyter in Antioch, and with only a transitory period of vacil-
lation, from which he was won back by Chrysostom, he remained
faithful to the theology and ascetic discipline of this master.
Under Diodorus he became a skilful exegete, and ultimately out-
stripped his master in biblical learning. About 383 Theodore
became a presbyter in Antioch, and began to write against
Eunomius the Arian and against the christology of Apollinaris.
Soon after 392 he became bishop of Mopsuestia in Cilicia (the
modern Missis near Adana). Assuch hewas held in great respect,
and took part in several synods, with a reputation for orthodoxy
that was never questioned. It was greatly to his advantage that
in the Eastern Church the period between the years 390 and 428
was one of comparative repose. He was on friendly terms even
with Cyril of Alexandria. He died in 428 or 429.

Theodore wrote commentaries on almost every book of the Old
and New Testaments, of which, however, only a small proportion
is now extant, as at a later period he lost credit in the church.
We still possessin Greek his commentary on the Minor Prophets,
in a Syriac version his commentary on St. John!, and, in Latin
translations, commentaries on the shorter Pauline epistles, besides
very many fragments, especially on the epistle to the Romans.
Theodore's importance as an exegete lies in two characteristics:
(1) in opposition to the allegorical method he insists on getting at
the literal meaning, and adheres to it when found; (2) in his
interpretation of the Scriptures he takesinto account the historical
circumstances in which they were produced, and substitutes the
historical-typological for the pneumatico-christological interpreta-
tion of prophecy; in other words, he interprets all Old Testament
passages historically in the first instance, and sees the fulfilment of
Old Testament prophecy in the history of Christ and His church
only in so far as the entire Old Testament is a " shadow of things -
to come."

Theodore also was the author of a special dissertation against
the alegorists, i.e., against Origen and his followers, which, how-
ever, has unfortunately perished. The comparative freedom of
Theodore's view of inspiration is also noteworthy. He discrimi-
nates between historical, prophetical and didactic writings, and in
accordance with this distinction assumes varying degrees of inspi-
ration. Finally, he entertained very bold opinions about the canon
and several of the books included init. He esteemed very lightly
the Solomonic writings and the book of Job; Canticles he ex-
plained as a nuptial poem of Solomon's; the book of Job appeared
to him in many places hardly worthy of its subject, and he cen-
sures the writer sharply; Chronicles, Ezra and Nehemiah he en-
tirely rejected; he denied the accuracy of the titles of the Psams,
anticipated the hypothesis that many of them belong to the
Maccabean age, and referred the so-called Messianic element
amost invariably to the kings of Israel; he even criticized the
Catholic epistlesand rejected the epistle of James. Characteristics
such as these bring Theodore, of all patristic writers, nearest to
the modern spirit.

1Ed. P. B. Chahot (Paris, 189%).

THEODORE OF MOPSUESTIA —THEODORET

LireraTure—Migne, Patrol., ser. Gr., Ixvi, The Greek fragments
of Theodore's New Testament commentaries have been call
O. Fr. Fritzsche (Theod. Mops. in N.T. Comm., Turin, 1847). The
commentaries on the Pauline eglegl]es (Pitra, Spicilegium Sotesmense,
Paris, 1852, i. 49 seq.) have been edited by H. B. Swete (Theod.
Mops. in Epp. B. Pauli Comm., i., ii., Cambridge, 1880-82), aon
with the Greek fragments and the fragments d the dogmatic
writings; on this edition, see E. Schiirer, Theol. Lit. Ztg., 188c-82.
The commentary on the Minor Prophets will be found in " Mai’s Nov.
Patr. Biblioth., vii. 1854 (Berlin, 1834; Mai, Script. Vet. Nov. Coll.,
vi., 1832). See dso E. Sachau, Theod. Mops. Fragm. Syriaca (Leipzig,
1869); Fr. Bathgen, "Der Psamencommentar des Theod. v. Mops.
in Syr. Bearbeitung," in Ztschr. f. Al-Test. Wissensch.,, v. 53 seq.,
Vi., 261-288, vil. 1-60; and H. Lietzmann in Sitzungsberichte der Kgl
preuss. Akad. der Wissensch., z# Berlin, 1902, pp. 334 seq. Extracts
from the writings  Theodore occur in the Catense o Marius
Mercator, in the 4cta of the third and fifth oecumenica councils in
Facundus, Liberatus, and Theodore's chief adver&arﬁ/] Leontius Byzan-
tinus. E. von Dobschiitz, in Amer. Journ. of Theol., ii. 353-337,
Pub||§1€d the Greek prologue of a commentary on Acts that is probably
he work d Theodore.

The principa monograph on Theodore, apart from the prolego-
mena o Swete, and the same writer's article in Dict. Christian
Biog., iv. (1887), is that & H. Kihn (Th, v. Mops. u, Junilius Afric.
als Exegeten, Freiburg, 1880). On his importance for the history
d dogma see the works o Baur, Dorner, Harnack, Loofs and Seeberg.
Literary and blo%;aphlcal details will be found in O. Fr. Fritzsche,
De Theod. Mops. Vita et Scriptis. (hHaIIe, 1836) ; Fr. A. Specht, Theod.
V. Mops. . Theodoret (Munich, 1871); H. Kihn in the Tub.
Quartalschr., 1879; E. Nedle in Theol. Stud. aus Wiirtemb., ii. z10
seq.; P. Batiffol, “Sur une Traduction Latine de Th. de Mops.," in
Ann, de. Philos. Chrdt., 1885; Th. Zahn, “Das N. T. Theodors von
Mop.,” in Neue Kirchl. Zeitschr., xi. 788-806; W. Wright, Syriac

Literature (London, 1894) ; R. Duval, La littdratwe syriaque (Paris,
1899). (A. Ha.; X))

THEODORET, bishop of Cyrrhus, an important writer in
the domains of exegesis, dogmatic theology, church history and
ascetic theology, was born in Antioch, Syria, about 386. At an
early age he entered the cloister; and in 423 he became bishop
o Cyrrhus, a small city in a wild district between Antioch and
the Euphrates, where, except for a short period o exile, he
spent the remainder of hislife. The date of his death is uncertain,
but it must have been not earlier than 457.

Commentaries.— As an exegete Theodoret belongs to the
Antiochene school, of which Diodorus of Tarsus and Theodore of
Mopsuestia were the heads. He was not actually the personal
disciple d either, but he adopted their methods, though without
the consistency and boldness o the first-named. His extant com-
mentaries (those on Canticles, on the Prophets, on the book of
Psalms and on the Pauline epistles) are brief.

Dogmatic Works.—Theodoret’s chief importance is as a dog-
matic theologian, as the most considerable opponent of the views
of Cyril and Dioscurus of Alexandria. For more than twenty
years he maintained the struggle against the Alexandrian dogmatic
and its formulae (Beordkos, évwais kal’ dmbéoracwy, uia vrdboTades
fvwois guown, and the like), and taught that in the person of
Christ we must strictly distinguish two natures (kypostases),
which are united indeed in one person (prosopon), but are not
amalgamated in essence. For these years his history coincides
with that of the Eastern Church from 430 to 451, and for this
very reason it is impossible to sketch it even briefly here. (See
Hefele, Conc.-gesch., vol. ii.) The issue was not unfavourable to
Theodoret's cause, but melancholy enough for Theodoret him-
self: the council of Chalcedon condemned monophysitism, but he
unhappily yielded to pressure so far as also to take part in pro-
nouncing "anathema upon Nestorius, and upon all who call not
the Holy Virgin Mother of God, and who divide the one Son into
two.”

Some of Theodoret's dogmatic works are no longer extant: of
his five books On The Incarnation, for example, directed against
Cyril after the council of Ephesus, we now possess fragments
merely. A good deal of what passes under his name has been
wrongly attributed to him. Certainly genuine are the refutation
("Avarpomp) of Cyril's twelve dvafepariouol of Nestorius, and
The Mendicant, or IToAuopdos (written about 446), consisting of
three dialogues, entitled respectively Immutability, Inconfusibil-
ity and Apathy, in which the monophysitism of Cyril is opposed,
andits Apollinarian character insisted on. Among the apologetico~
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dogmatic works of Theodoret must be reckoned his ten discourses
On Providence.

Other Works.—The 30 ascetic biographies of his Religious
History, which has been widely read, form a pendant to the
Historia Lausiaca of Palladius and the monkish tales of Sozomen.
For the East it has had the same importance as the similar writ-
ings of Jerome, Sulpicius Severus and Cassian for the West,

BisriocraraY.—The edition of Sirmond (Paris, 1642) was after-
wards comﬁleted by Garnier (1684), who hasaso written dissertations
on the author's works. Schulze and Nasselt published a new edition
(6 vols, Halle, 1769-74) based on that o their predecessors; a glossary
was afterwards added by Bauer. The reprint will be found in vols.
Ixxx~Ixxxiv. d Migne, "and considerable portions occur in Mang.
The church history has been published frequently in connection with
the histories of Socrates, Sazomen and others, e.¢., by Vaesius (1693)
and Reading (z720). There is an English trandation of the histary
by Bloomfidd Jackson in the Nicene and Post-Nicene Fathers, series
ii-, vol. iii.; the trandation including aso the diaogues and letters.

Besdes the earlier labours d Tillemont, Ceillier Oudin, Du Pin
and Fabricius and Harless, see Schrockh, Kirchengesch., vol. xviii.;
Hefele, Conc.-gesck., vol. ii.; Richter, De Theodoreto Epp. Paul.
Interprete (Leipzig, 1822); Binder, Etudes sur Théodoret (pG
1844) ; Staudlin, Gesch. u. Lit. der Kirclzengesch. (Hanover, 1827) ;
Kihn, Die Bedeutung der antioch. Schule (1866 : Diestel, Das A. T.
in der christl. Kirche ﬁena 18699- echt, Theodor v. Mopsvestia
w. Tlzeodoret v. Cyrus (Munich, 188%23‘ 00s, De Theodoreto Clementis
et Eusebii Compilatore (Halle, 1i S; Nolte in the Tubing. Quar-
talschr. (1859), p. 302 .. Mbller, art. "Theodoret,”" in Herzog-
Hauck's Rea?encykl.; Vendbless atitle in Smith and’ Wace's Dics.
of Christian Biography,; adso Bardenhewer's Patrolog'&ie,l_& 3;1(5)ff.

THEODORIC, king of the Ostrogoths (c. 454-526). Refer-
ring to the article Gorzs for a genera statement of the position
of this, the greatest ruler that the Gothic nation produced, we
add here some details of a- more persona kind. Theodoric was
born about the year 454, and was the son d Theudemir, one of
three brothers who reigned over the East Goths, at that time
settled in Pannonia. The name of Theodoric's mother was
Erelieva, and she is called the concubine o Theudemir. The
Byzantine historians generally call him son of Walamir, apparently
because the latter was the best known member of the royal
fraternity. At the age of seven he was sent as a hostage to the
court of Constantinople, and there spent ten years o his life.
Soon after his return to his father he secretly attacked the
king of the Sarmatians, and wrested from him the important
city of Singidunum (Belgrade). Theodoric took the chief part
in an expedition into Moesia and Macedonia, the result of
which was to settle the Ostrogoths as foederati in the heart
o the empire. About 474 Theudemir died, and for the four-
teen following years Theodoric was chiefly engaged in a series
of profitless wars, partly against the emperor Zeno, but partly
against a rival Gothic chieftain, another Theodoric, son of
Triarius. In 488 he set out, with the sanction o the emperor,
to win Italy from Odoacer. The invasion and conquest o Italy
occupied more than four years (488-493). Theodoric, who
marched round the head of the Venetian Gulf, had to fight a
fierce battle with the Gepidae, probably in the valley of the Save.
At the Sontius (Isonzo) he found his passage barred by Odoacer,
over whom he gained a complete victory (28th of August 489).
A yet more decisive victory followed on the 3oth September at
Verona. Odoacer fled to Ravenna, and it sccmed asif the conquest
o Italy was complete. At length (26th o February 493) the
long and severe blockade of Ravenna was ended by a capitulation,
the terms of which Theodoric disgracefully violated by slaying
Odaacer with his own hand (1 jth of March 493). (See ODOACER.)

The thirty-three years' reign of Theodoric was a time o un-
exampled happiness for Italy. Unbroken peace reigned within
her borders (with the exception of a trifling raid made by Byzan-
tine corsairs in 508). The venality of the Roman officials and the
turbulence of the Gothic nobles were sternly repressed. Marshes
were drained, harbours formed, the burden o the taxes lightened,
and the state of agriculture so much improved that Italy, from a
corn-importing, became a corn-exporting country. Moreover
Theodoric, though adhering to the Arian creed of his forefathers,
was during the greater part of his reign conspicuously impartial
in religious matters. At the time of the contested papal election
between Symmachus and Laurentius (496-502), Theodoric's
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mediation was welcomed by both contending parties. At the close
of hisreign (524), the emperor Justin's persecution of the Arians
led him into a policy of reprisals. He forced Pope John to under-
take a mission to Constantinople to plead for toleration, and on
his return threw him into prison, where he died. Above al, he
sullied his fame by the execution of Boethius and Symmachus.
(See BoerHius, ANEcius Manvivs SeveriNus.) Theodoric's
death, which is said to have been hastened by remorse for the
execution of Symmachus, occurred Aug. 30, 526. He was buried
in the mausoleum which is one of the marvels of Ravenna (g.v.),
and his grandson Athalaric, a boy of ten years, succeeded him,
under the regency of his mother Amalasuntha.

Avrnorrries—The most important source for Theodoric's life reign
ed. in Monumenta Germaniae Historica, vol. xii.) is the Variae
state-papers) of Cassiodorus, chief minister d Theodoric. The
most modern work is Hartmann's Geschichte Italiens im Mittelalter,
vol. i. (Stuttgart, 1923). The English reader may consult Gibbon's
Decline and Fall, chap. xxxix., and Hodgkin's Italy and her Invaders,
vol. iii. (1883), his introduction to Letters of Cassiodorus (1886) an
Theodoric the Goth (London and New York, 1891).

THEODORUS STUDITA [Theodore of the Studion] (AD.
759-826), abbot of the monastery of the Studion, Constantinople,
succeeded his uncle Plato, as head of the monastery of Saccudium
in Bithynia in 794. He was banished to Thessalonica in connection
with the marriage o Constantine VI. After the emperor's death
in 797 he was recalled and removed with his monks to the monas-
tery of the Studion in Constantinople, where he carried on a vig-
orous campaign in favour of asceticism and monastic reform. In
809 he was again banished in consequence o his refusal to hold
communion with the patriarch Nicephorus, who had pardoned the
priest Joseph for his part in the marriage o Constantine and
Theodoté. In 811 he was recalled by Michael Rhangabes, and
again banished in 814 for his opposition to Leo the Iconoclast. He
was liberated in 8z:r by the Emperor Michael the Stammerer
(Balbus). In 824 he violently attacked Michael for iconoclasm
and was forced to leave Constantinople. He lived at various mon-
asteries until his death on Nov. 11, 826. He was buried at Chal-
citis, but his body was afterwards (Jan. 26, 844) removed to the
Studion. He subsequently received the honours of canonization.
Of his extant works the following are the most important: — The
three Aoyor dvrippnTikol and other works in defence of images
and his Letters. He was also the composer of hymns; many of
which are still extant. Likeall the monks of the Studion, Theodore
was famous for his caligraphy and industry in copying mss.

BipriocraPHY.—General edition d his works in J. P. Migne,
Patrologia Graeca, Xcix., to be s_upﬁlemented (for the Letters) b
J. Cozza-Luzzi, Patrum Nova Bibliotheca, viii. (1871); hymnsin J. B.
Pitra, Analecta Sacra, i. (1876). See dso Alice Gardner, Theodore of
Studium: his Life and Times (i905). For further bibliographical
details see C. Krumbacher, Gesch. der byz. Lit. (2nd ed., 189%) and
article by Von Dobschiitz in Herzog-Hauck’s Realencyclopidie fiir
protestantische Theologie, XiX. (1g07).

THEODOSIA, formerly Kaffa, a seaport and watering-place
of South Russia, on the east coast of the Crimea, in 45° 3* N,
35° 222 E., and on the railway. It has an excellent modern har-
bour, which is never frozen and has a floating crane lifting 40 to
50 tons. Pop. (1939) 28,200.

The ancient Theodosia, the native name of which was Ardabda,
was a colony founded from Miletus, Archaic terra-cottas show
it to have been inhabited in the 6th century s.c, but it is first
heard of in history as resisting the attacks of Satyrus, ruler of
the Cimmerian Bosporus, ¢. 390 B.c. His successor Leucon took
it and madeit agreat port for shipping wheat to Greece, especially
to Athens. This export of wheat continued until the days of
Mithradates VI. of Pontus, against whom the city revolted. Later
it became a special part of the Bosporan kingdom with its own
governor. In the 3rd century A.p. it was still inhabited, but seems
to have been deserted not long afterwards. Besides the terra-
cottas and pottery, very beautiful Greek jewellery has been found
near Theodosia. It coined silver and copper during the 5th and
4th centuries B.c. The name Kaffa (Genoese Capha, Turk. Kefe)
is first mentioned in the gth century. The Genoese established
themselves on the site shortly after 1266, and the settlement
flourished exceedingly, being the depét of a trade route reaching
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to China. It became the head of the Genoese establishments in
Gazaria, the see of a bishop, and the chief port on the northern
shore of the Black sea, surpassing the Venetian Tana. When the
Turks took Constantinople the colony was almost cut dof from
the mother city, which handed it over to the enterprising bank o
St. George; but it could not be saved and fell in 1475 to the
Turks, who sometimes called it Kuchuk-Stambul (Little Stambul)
or Constantinople, or Krym-Stambul (Stambul of Crimea). In
1771 it was taken by the Russians, and in 1783 annexed by them,
whereupon the greater part of its population deserted it.

See E. von Stern, Theodosia (German and Russian, 1906) ; E. H.
Minns, Scythians and Greeks (1909); M. Rostovtzeff, Iranians and

Greeks in South Russia (1922); for the history d Kaffa, see Heyd,
Histoire du commerce du Levant ez moyen dge (1886).

THEODOSIUS, the name of three Roman emperors of the
East.

TuErobostus |., "the Great,” son of Theodosius, Valentinian’s
great general, who in 368-69 saved Britain.from the Picts, and
suppressed the revolt of Firmus in Mauretania (372). Shortly
after (376), the elder Theodosius was put to death, perhaps by
order of Valens. The younger Theodosius was born about the year
346. He was a native of Spain, but the exact place of his birth
isuncertain. He accompanied his father into Britain (368), and a
little later defeated the Sarmatians who had invaded Moesia
(374). On his father's death he retired to his native place, where
he lived quietly till after the great battle of Adrianople (Aug. 9,
378), when Gratian summoned him to share the empire. After
gaining some fresh victories over the Sarmatians, Theodosius was
made Augustus at Sirmium on Jan. 19, 379, and was assigned all
the eastern provinces, including part of Illyricum. In 379 Theo-
dosius, after reorganizing the army at Thessalonica, carried on a
successful campaign of skirmishes along the Danube and induced
numerous Gothic bands to give in their allegiance; his lieutenant
Modares, a Gothic refugee, defeated the invaders severely in
Thrace. 1n 381 hewas called upon to meet two armies of invaders.
He conducted in person the war against the Visigoths under
Fritigern, this campaign, being only ended by Fritigern’s death.
The defence of the Danube against the Ostrogoths under Alatheus
and Safrax was entrusted to the general Promotus, who severely
defeated the enemy in an attempt to cross the river. Theodosius
attained even greater successes by his diplomacy. He persuaded
the fugitive Visigoth king Athanaric to enter his service, and en-
listed 40,000 of his former enemies as foederati, providing them
with settlements in various parts of the realm.

In 383 Theodosius created his eldest son Arcadius Augustus.
The same year saw the revolt of Maximus in Britain and the
murder of Gratian. For five years Theodosius consented to accept
the usurper as his colleague; but when Maximus attempted a few
years later to make himself master of Italy Theodosius advanced
against the invader and overthrew him near Aquileia (July 28,
ﬁgs). This victory was followed by the murder of Maximus and

is son Victor, after whose death Theodosius conferred upon Val-
entinian II. all that part of the empire which his father had held.
After celebrating a triumph in Rome (389) he stayed to arrange
the government of Italy for another two years. If we may trust
the evidence of Zosimus, fromtheend of the year 388 Theodosius
resigned himself to gluttony and voluptuous living, from which he
was only roused by the news that in the Western empire Arbogast
had slain the young Emperor Valentinian and set up the gram-
marian Eugenius in his stead (May 15, 392).

Theodosius at once marched out against Eugenius. The armies
met near the river Frigidus, some thirty-six miles distant from
Aquileia. On the first day Theodosius' barbarians, engaging with
those of the hostile army, were almost destroyed, and the victory
seemed to be with Eugenius. After a night ddprayer, towards
cockcrow the emperor was cheered by a vision o St. Philip and
St. John, who, mounted on white steeds, promised him success.
On the second day the issue was doubtful till, if we may trust the
concurrent testimony of all the contemporary church historians, a
sudden gust of wind blex back the enemy's arrows on themselves.
This was the turning-point of the battle: Eugenius was slain by
the soldiers; and two days later Arbogast committed suicide
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(Sept. 5-9, 394). From the north-eastem parts of Italy Theo-
dosius passed to Rome, where he had his son Honorius pro-
clamed emperor under the guardianship of Stilicho. Thence he
retired to Milan, where he died of dropsy (Jan. 17, 395), leaving
the empire to be divided between his two sons Honorius and
Arcadius.

The chief authorities for the age o Theodosius are Ammianus
Marcdllinus, Zosimus, Eunapius and the ecclesiastica historians
(Socrates, Sozomen, Theodoret). Much information may aso be
gleaned from the writings of St.” Ambrose, St. Gregory d Nazianzus,
Isidore d Seville, and the orators Pacatus, Libanius, Themistius.
Among modern authorities see: E. Gibbon, The Decline and Fall
d the Roman Empire (ed. Bury, 1909), chaps. 25 and 27; T. Ho_dlgkin,
Italy and her Invaders (Oxford, 18¢2), chaps. 5, 6, 8-11; A. Giilden-

ning and J. Ifland, Der Kaiser Theodosius der Grosse (Halle, 1878) ;

. R. Sievers, Studien zur Geschichte der romischen Kaiser (Berlin,
1870), pp. 283-333, and Van Ortroy, St. Ambroise et 'Empereur
Théoduse, Analecta Bollandiana (1g04).

Tueopostus II. (401—450) succeeded his father Arcadius as
emperor o the East in 408. During his minority the empire was
ably ruled by the praetorian prefect Anthemius and Pulcheria,
who became her brother's guardian in 414. Under his sister's care
the young emperor grew up into a weak though amiable character.
Through his generals Ardoburius and Aspar he waged two fairly
successful wars against the Persians (421 and 441), and after the
failure of one expedition (431) by means of a gigantic fleet put an
end to the piracies of the Vandal Genseric. A Hunnish invasion
in 408 was skilfully repelled, but from 441 the Balkan country
was repeatedly overrun by the armies of Attila, whose incursions
Theodosius feebly attempted to buy of with ever-increasing pay-
ments of tribute. His internal administration was upright and
thoughtful. Among its chief events may be mentioned the council
o Ephesus (434) and the publication of the Codex Tkeodosianus
(438), a collection of imperial constitutions ‘for the benefit of
public officials. Theodosius died in 450.

See E. Gibbon, The Decline and Fall of the Roman Empire (ed.
Bury, London, 19c9) 406-414; 440-470; J. B. Bury, Later Roman
Empire, val. i. (1923) ; A. Giildenpenning, Geschichte des ostromischen
Reiches unter den Kaisern Arkadius und Theodosius 1. (Halle, 1883),
pp. 172 sqg.; T. Mommsen and P. Meyer, Theodosii Zbri XVI. (Berlin,
1904-05; IN course o revison by E. Kiegd, 1926).

Turopostus |11., emperor of the East (716-717), was a finan-
cia officer whom a Byzantine army rebelling against Anastasius
I1T. unexpectedly proclaimed monarch in his stead. He captured
Constantinople after a six months' siege and deposed Anastasius,
but in the following year was himself forced to resign by a new
usurper, Leo IIT (see Leo III, THE IsauriaN). Theodosius ended
his life in a monastery.

See G. Finlay, History of Greece (ed. 1847, Oxford), i. p. 396).

THEQDOSIUS, Greek geometer and astronomer, was the
author o three worksincluded in the collection of treatises known
as the "' Little Astronomy* or “Astronomer" (6 wutkpds GoTpovol-
uevos OF &aTpovduos). He was not "of Tripolis,™ but came from
Bithynia, as we gather from Strabo, who mentions, among natives
o Bithynia famous for their learning, "Hipparchus, Theodosius
and his sons, mathematicians™; heis also evidently the Theodosius
mentioned by Vitruvius as the inventor of a universal sun-dial
(horologium wpds mav khiua). Helived, therefore, not later than
the 1st century B.C.

His chief work, the Sphaerica, in three books, is a tolerably com-
plete treatise on the pure geometry of the sphere, and was still the
classical book on the subject in Pappus’s time. It does not con-
tain (except for a faint suggestion in iii. 11-12) any trace o
spherical trigonometry, which, on the other hand, was the special
subject o the work with the same title by Menelaus of Alexandria,
who lived at theend of the 1st century.

From the fact that both Autolycus of Pitane in his Moving
Sphere and Euclid in his Phaenomena assume without proof vari-
ous propositions given by Theodosius, we conclude that already in
the 4th century B.c. there existed a textbook on Sphaerica scarcely
differing, in its essential contents, from Theodosius's work; the
role o Theodosius was therefore mainly that of editor and elabo-
rator o previously existing material. The Sphaerica was trans-
lated into Arabic in the gth century, in part by Qusta b. Liqa, and
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in part by Thabit b. Qurra. (T.L.H.; X))

THEODULF, bishop of Orléans, was born about the middle
of the 8th century of a noble family of Gothic extraction. probably
in Spain. He was made abbot of Fleury and o St. Aignan, and in
781 became bishop of Orléans. He supported Charlemagne's prin-
ciples of government and educational reforms; he established
schools, and was a member of the learned circle which graced the
Carolingian court. In 798 he was appointed missus dominicus,
and two years later performed such great services for Leo 111 as
judge in the cause between the pope and his enemies that he re-
turned from Rome with the pallium. After the death of Alcuin
he became the king's principal theological adviser; it was he who
made, on Charlemagne's request, a collection o the opinions d the
fathers on the much disputed point of the procession of the Holy
Ghost. After the death of Charlemagne he was accused, probably
quite unjustly, of having taken part in the conspiracy o Bernard
of Italy, and in 818 was deposed and imprisoned in a monastery
at Angers.

Theodulf died in prison, probably from poison, in 821.

The complete works of Theodulf arein J. P. Migne, Patrol. Lat., vol.
105 (1851). An edition of his poetry was publ |I§1€d by E. Diimmler
in the Mon. Gernz. Hist. Poetae |atini aevi carolini, vol.i (1881).

THEOGNIS OF MEGARA (6th century B.c.), Greek poet.
More than half the elegiac poetry of Greece before the Alexandrian
period is included in the 1,400 lines ascribed to Theognis. This
collection contains several poems acknowledged to have been com-
posed by Tyrtaeus, Mimnermus and Solon; with two notable ex-
ceptions (T. W. Allen in Classical Review, Nov. 1905, and E.
Harrison) modern critics unanimously regarded these elegies as
intruders, that is, not admitted into his works by Theognis him-
self; for this and other reasons they assumed the existence of
further interpolations which can no longer be detected.

The best-attested elegies are those addressed to Cyrnus, the
young friend to whom Theognis imparts instruction in the ways of
life. bidding him be true to the "good" cause, eschew the company
of "evil"™ men (democrats), be loyal to his comrades and wreak
cruel vengeance on his foes. Theognis lived at Megara on the
isthmus of Corinth during the democratic revolution in the 6th
century B.c.; some critics hold that he witnessed the "Persian
terror” of 590 and 580; others, including the present writer, place
his floruit in 545 B.C.

There is neither profound thought nor sublime poetry in the
work of Theognis. but it is full of sound common sense embodied
in exquisitely simple, concise and well-balanced verse. In his day
verse was the recognized vehicle for political and ethical discus-
sion, and the gnomic poets were in many ways the precursors of
the philosophers and the sophists. who indeed often made their dis-
course turn on points raised by Theognis and his fellow moralists.
For many generations Theognis was to the Greeks the moralist
par excellence; Isocrates says that Hesiod, Theognis and Pho-
cylides mere admitted to be the best teachers of practical moral-
ity; and the emperor Julian in his defense of paganism asks
whether " the most wise Solomon is equal to Phocylides or Theognis
or Isocrates."

Besides the elegies to Cyrnus the Theognidea comprise much
miscellaneous verse that may well have come from Theognis.

See editions by |. Bekker (1815; 2nd ed., 1827); F. G. Welcker
(1826); both aré epoch-making books which no sérious student can
ignore; T. Bergk (1843; 4th ed 1882; re-edited by E. Hiller, 1890,
and O. Crusius, 1897 2) J. Sitzler 18 0); E. Harrison, Sudies in
Theognis, With text (1902)7 T. Hudson Williams (1910). ' For iurther
bibliographical refereno&s see the two last-mentioned books. There is
a prose trandation by J. Banks in Bohn's Classca Library (1856),

which aso includes verse trandations by J. Hookham Frere.
T.H-W.; X))

THEOLOGICAL ARTICLES: see RELIGION AND THEOL-
0GY, ARTICLES ON.

THEOLOGICAL EDUCATION. The Christian church
has always been a teaching church. for it began with the life and
work of a teacher. Christian theological education, therefore,
owes its origins to his remembered command: "You shall love the
Lord your God . . . with al your mind."

By the 3rd century Christian schools not only maintained the
learning of Greece—didectics, physics, geometry, astronomy,
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philosophy, ethics— but added to these the study of the Scriptures,
of God himself (or theology) and of piety. Such were the subjects
taught in Origen's schooals, first at Alexandria, then (ap. 232) at
Caesarea. The school of Lucian at Xntioch became known for
its historical emphases, that at Edessa for its concern for the
Bible. The Nestorian school at Nisibis anticipated the medieval
universities in holding its own property, enforcing its own dis-
ciplines under its own rules of behaviour and showing other signs
of independence, including the exacting of a promise from students
to reside at the school and to study. At Constantinople, although
theological education in the east always kept itself free from state
control, the patriarchal school maintained a friendly, reciprocal
relation with the state university which had no faculty of theology.

Following the collapse of Rome and its culture in the 5th cen-
tury, monastic and episcopal (later cathedral) schools, providing
for education from childhood to priesthood, not only preserved
the heritage of the ancient world through the dark ages but also
led to the establishment of over 50 universities in slightly more
than three centuries prior to 1400, among them Bologna (the
oldest, 1088). Paris, Oxford and Cambridge.

The Reformation and After.— Education in medieval times
included grammar, rhetoric and dialectic (the trivium) and mathe-
matics, music, geometry and astronomy (the quadrivium). In
the 16th century Philipp Melanchthon enlarged the trivium with
Hebrew, Greek and L atin; theinclusion of theology followed. For
the Reformers, as earlier for St. Thomas Aquinas, learning was of
great importance. The Scriptures were their source of doctrine.
The "priesthood of believers" opened the way to individual judg-
ment which needed to be informed and the faithful required in-
struction to fulfill their new sense of obligation to preach to those
outside the church.

Meanwhile the Church of Rome recognized that the Reforma-
tion had been caused partly by ignorance, superstition and lack of
education among theclergy. At the Council of Trent, therefore, in
1546, legislation was enacted which provided for a liberal educa-
tion plus professional priestly training for each diocese, permitting
poor dioceses to combine, large dioceses to establish more than
one seminary, but taxing the church to ensure a sound preparation
for the clerical calling.

"Among the greatest achievements of the Council of Trent,"
writes Stephen Neill, "wasits creation of the seminary. When the
Protestants spoke bitterly of the returning emissaries of theRoman
Church as 'Seminary priests,' the name hit the mark; these young
men, trained at Douai or elsewhere, had learned discipline and
devotion; they had been trained in the methods of controversy.
The training might be narrow and scholastic, but it was calculated
to make them more than a match for anything that they were likely
to meet in England.” (Stephen Neill. Anglicanism, p. 110,
Penguin Books, Harmondsworth, 1958.)

On the North American continent Harvard college, founded
in 1636, was designed to provide training for responsible service
in both church and state but especialy in the former. Modeled
after Cambridge university, its course of study reflected medieval
and Renaissance practices and continued the Reformation stress
on hiblical teaching and preaching. Thus, the high level o Ref-
ormation education was maintained in the new world.

Changing Patterns. — During the 18th century a candidate for
the Protestant ministry in the British Isles or Korth America re-
ceived little education beyond the arts degree to prepare him for
his calling. If he did not attend college he mould study privately
in the home of a parish minister. Or he might pursue theological
training in the Protestant universities on the continent of Europe.
In 1721 Harvard began in America the differentiation of theo-
logical training from general education by the establishment of
the Hollis chair of divinity. Yale followed with a similar step
in 1756. However. a theological student usually took his "di-
vinity" after completion of his X.B.; the A.B., intended for all,
remained the most important part of his training. To the 20th
century, both in Protestantism and Catholicism, a sound educa-
tionin the liberal arts remained a proper foundation for ministerial
and priestly studies. "We urge," said Pius XII in the encyclical
Menti Nostrae, "that the literary and scientific education of future
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priests be at least not inferior to that of laymen who take similar
courses of study."

Toward the close of the 18th century, however, various forces
operated strongly further to separate education for the ministry
from education for other callings. Oneof these was the differentia-
tion of occupations in a more highly organized society, leading to
the organization of medical schools (King's college [Columbia
university], Sew Tork, 1767) and schools of law (Litchfield,
Conn., 1784) which did not require a previous A.B. The age of
reason had run its course and some theological schools were
founded in reaction against the influences of 18th-century ra-
tionalism upon the universities. Revivalism, the expansion of
frontiers, the growth of denominational consciousness accom-
panying rapid immigration and socia stratification and lively
theological controversies al combined to produce a new move-
ment, the creation of independent or separately organized theo-
logical schools.

In England. also, medical and legal studies were separated from
the undergraduate universities and centred in London. For atime,
academies designed for the preparation of Dissenting ministers
who were barred from schools of the established church flourished.
By the middle of the 19th century, however, these academies had
declined and ministerial training became concentrated in theo-
logical colleges, many affiliated with universities. It was this
pattern that prevailed in the British Isles after 1850. On the
continent theological studies, ailmost entirely pursued in univer-
sities, tended to become more concerned with the scientific study
of religion and, in Protestant circles. less involved in the equip-
ment of the students for their special ministries.

To return to North America, although a school of the Dutch
Reformed Church, begun in New Tork city in 1784, subsequently
became the New Brunswick Theological seminary, the reasons for
this important departurein theological education were most clearly
stated in 1805 by John Mitchell Mason, founder of a less perma-
nent seminary of the Associate Reformed (Presbyterianj Church.
Anticipating emphases of a much later day, Mason insisted that
the Scriptures be studied in their original languages; that students
be encouraged to form independent judgments (a professor is
"never to forget that his business is not so much to think for the
students as to assist them in thinking for themselves"); that
the whole person—body, mind and spirit—be simultaneously
strengthened; and that the highest standards of comprehensive
thoroughness and intellectual creativity be maintained against all
hardened dogmatisms and considerations of expediency. In the
subsequent three and a half decades about 50 Protestant seminaries
were established in the United States. Because of the financia
panic of 1837, there was a lull. but between 1850 and 1890 over
120 others appeared. al to some extent indebted to Mason’s ideas
about the role of the professor, the nature of the subject matter
and the life of the student. Many of these insisted on at least a
measure o administrative independence. a college course leading
to a B.A. or its equivalent as a requirement for admission and
attendance at the seminary for three academic years of approxi-
mately 40 weeks each.

Meanwhile, beginning in 1791 when Archbishop John Carroll
established St. Mary’s seminary in Baltimore, Roman Catholicism
developed new seminaries nith the formation of new dioceses. By
1833 there were 7, by 1866 approximately 20 more and by 1943
over 250, some conducting studies at the high school and junior
college level (six years), some at the senior college and specificaly
theological level (another six years), some working in both divi-
sions. Some were under diocesan control, others were under
religious orders, but all prepared young men exclusively for the
priesthood.

The similarities between Roman Catholic and Protestant semi-
naries in the early 19th century are striking. Many, both Roman
Catholic and Protestant, began as house schools in the home of
the teacher or teachers. Gradually separate buildings and in-
creased faculties appeared. Many were connected with a college
or school. Plagued by inadequate financial resources. scarcity of
students, lack of books and generally low intellectual standards
and achievement, many were closed.
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After 1860.— Although theological education tends to cling to
the past more tenaciously than other disciplines, it could not
escape the influence of vast changes in the modern world. The
enormous increase in the study of the physical sciences! the his-
torical-critical method of investigating ancient documents, the
economic interpretation of history, the new psychology, the growth
of secularization. the exploding population, the enlarged possi-
bilities of communication, the practical interests of the western
world, the threat to the very codtinuation of life on earth—all
these and many more had their efiect on seminaries and schools
of theology that once were isolated from such concerns.

There are two main purposes that characterize these schools,
summarized in the distinction Edward Pusey madein 1832 when he
said that the British educational system was best calculated to
form ministers of the church while the German system could best
impart knowledge. The priest or minister is taught to be a “par-
son" or person worthy to represent his calling and to be respected
as an ambassador of Christ, a father to a family with which he
has close touch. At the same time heisa "cleric" or one who can
write—one who possesses the general and special professional
knowledge that enables him to maintain and advance understand-
ing d God's ways with man.

Partly, therefore, the problem of theological education is to
meet the needs of the churches and of the " coming great church."
In response to the expansion of the Christian movement. the in-
crease of population and the interests ci great ecclesiastical organi-
zations, seminaries sprang up all over the world in great profusion.
In Europe. where theology has been traditionally connected with
a university faculty, the number of seminaries remained rela-
tively constant, but in Asia, Africa and Latin America more than
200 Protestant and over 350 Roman Catholic seminaries, plus
about a dozen Eastern Orthodox, had emerged by the mid-20th
century. In the United States the 15 years after 1945 saw an
increase in the number of Roman Catholic seminaries of more
than 509, and in the United States and Canada the number of
Protestant theological students more than doubled in the second
quarter of the 20th century.

Problems posed by this rapid expansion were manifold: the
maintenance of high standards of admission; provision for the
adequate preparation of theological teachers and their lifelong
growth; the preservation of the seminary's community life at a
time when Protestant students tended to marry at an early age;
financial support; the development of theological libraries; the
employment .of modern techniques that have proved their value in
other disciplines. 1n the non-English-speaking world, difficulties
were intensified. Indigenous leadership was often scarce; the
paternalism of teachers, ministers and boards from mother coun-
tries was maintained too long; schools tended to conform to
patterns imposed from outside which were unsuited to a new time
and place; books in many of the languages of the far-flung Chris-
tian movement were in short supply; and the rival forces of na-
tionalism, secularism and Communism were keenly felt. Except
for that of language, most of these difficulties were also apparent
in certain areas of the western world, such as those with pre-
dominantly Segro populations.

On the other hand, the problem of theological education is the
maintenance of theological learning. For Protestant theological
schools, more than for Roman Catholic or Eastern Orthodox, there
was in the 20th century, as in the 16th. a considerable expansion
of the curriculum, which was generally divided into four main
fields: biblical, theological or doctrinal, historical and practical.
Although in Europe relatively few new courses were introduced, in
Sorth America the wide diversity characteristic of the univer-
sities' offerings affected the seminary, especially in the fourth
or practical field. Frequently courses were offered in the interpre-
tation of culture and the arts, in the nature of the modern world
in which the Christian church is set, in rival philosophies and in
the understanding of human behaviour. Attempts were made
to bring Christian insights of Scripture, theology and history
to bear upon the pressing ethical problems of the modern era.
Men were trained in the conduct o public worship, in the use
of modern methods of communication, in the art of teaching and
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in the preparation and delivery of various forms of public address.
Field work, internships, clinical pastoral training and practice
teaching all reflected current methods of learning by doing.

T o encourage the maintenance of high standards o theological
education, Protestant seminariesin the United States and Canada
began to meet in biennial conferencesin 1918, and in 1936 formally
organized the American Association of Theological Schools.

In reaction to the secularization of modern society, numerous
Bible colleges or Bible schools appeared, only a few of which main-
tained studies at a predominantly postgraduate level. While Bible
schools generally do not provide the general education that the
seminaries require and thus sometimes offer a short cut to the
ministry, it is to be remembered that not a few seminaries began
as Bible schools.

Where theological education was under the control of the state
or of a state church, as in Germany, Greece, Scandinavia, the
Netherlands and England, the curriculum tended to be more tradi-
tional, with a heavy emphasis upon Scripture, its languages and
the classical formulations of Christian theology. In Greece and
in Sweden the majority of those enrolled in the theological facul-
ties of the universities tended to become lay teachers rather
than ordained ministers. Consequently Greek Orthodoxy, for
example, finds most of its theologians among its laity.

The government of theological schools or colleges varied widely
from complete independence to direct control by a university,
church or department of the state. Roman Catholic schools might
be under the direction of diocesan authorities or of religious orders.
I'n the United States and the countries of the "younger churches,”
there were a few Protestant interdenominational seminaries and
numerous schools which in one way or another co-operated with
each other. The pattern of a yoked college and seminary was
receding in favour of an institution with its own board of trustees
and a faculty which determined academic policy. Efforts were
being made in many churches to acquaint the membership with
the acute problems of the seminaries, their importance as intel-
lectual centres of the church's life and the necessity of their
vastly increased support. Despite denominational rivalries, there
were signs o increasing care in the location of new and the re-
moval of older seminaries to ensure co-operation with other semi-
naries and universities.

Although the dual responsibility of theological schools to pro-
vide ministers for rapidly expanding churches and to maintain
high standards of theological learning often caused tensions, on
the whole this concern for both life and thought, both peoples
and principles, both practice and knowledge was healthy. When
the demands of the church were uppermost, seminaries tended to
be located in places where a strong community life could be fos-
tered and individuals nurtured in prayer, personal discipline, the
church's lore and ritual and the denominational program. When
theintellectual standards for the ministry were uppermost, prepa-
ration for the ministry was likely to be concentrated in university
centres and in some way connected with the acquisition o an
academic degree. Even in the schools with the strongest denomi-
national ties, however, isolation was diminishing. The importance
o these schools as centres of intellectual culture was being rec-
ognized. On the continent, where theology long insisted on its
position as queen of the sciences and theologians were entrenched
in university faculties, there was a movement, reminding the queen
of her biblical role of handmaid, to establish church high schoals.
preacher seminars and other forms of auxiliary institutions de-
signed to equip the ministry for its task. Throughout the world
increasing stress was being put upon the theological education of
the laity, reflected in the German Kirchentag and the establish-
ment of over a score of lay academies, the majority in Germany.

"The lessons of history clearly demonstrate,” says Yorke Allen,
Jr., "that the training of the clergy is at the core of the process
of maintaining any ecclesiastical organization." From the Vatican
comes this word, " The Church fears neither persecutions . . . nor
heresies . . . , but this one thing she does fear, ignorance d the
truth."

BisLiograPHY. —The traditional prescriptions of the Holy See on
clerical education are summarizedin Deus Scientiarum Dominus (1931)
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and Sedes Sapientiae (1956) See also Yorke Allen, Jr, A Seminary
Surve ﬂ_196 ; J Cyril Dukehart, SS, Catholic Seminaries U SA
(1960¥; loyd Paul McDonad, SS, The Seminary Movement in the
United States; Projects, Foundations and Early Development (1784-
1833) (1927); William Stephen Morris, The Seminary Movement in
the United States: Projects, Foundations, and Early Development
(1833-1866) (1932); H Richard Niebuhr, Daniel Day Williams and
James M. Gustafson, The Advancement of Theological Education
(1957); H Richard Niebuhr, The Purpose of the Church and Its
Ministry (1956); H. Richard Niebuhr and Daniel Day Williams (eds.),
The Ministry in Historical Perspectives (1956). (C. L. Tad

THEOLQGY, in the comprehensive sense of the name, em-
braces so much of philosophy as is concerned with explanation of
the world in terms of a supreme mind or spirit, with the being
and attributes of the Deity and His relation to nature and man
and with the grounds and the limits of knowledge or belief as to
such matters. It also includes the comparative study of religions
and the psychology of religious experience. Specifically Christian
theology, which is often what is denoted by the word "theology,"
sets forth the contents and implications of the revelation in Christ.
I't consists of a systematic exposition of doctrine and of the course
of its development (dogmatic theology or dogmatics), the histori-
cal, critical and exegetical study of the Bible and the history of
the church, its institutions, etc. Thus theology is a science, or
a group of connected sciences, that, on the one hand, is in touch
with general philosophy —asis indicated by the name of the de-
partment called "philosophy of religion,” or "philosophical theol-
ogy" —and, on the other hand, is more or less isolable in that it
dealswith the deliverances of distinctively religious experience and
its pre-eminent manifestations.

The Relation of Theology to Religious Experience.— It
is commonly held that religious experience contains data other
than those of natural knowledge, enabling it to possess insight into
reality otherwise unattainable. And we may first note the impli-
cations of this belief in their bearing on the position of theology
among other departments of thought such as natural science and
philosophy.

All natural knowledge, i.e., knowledge of the physical world and
mankind, is generally believed by philosophers to be derived
originally from the impressions of sense, between which the un-
derstanding establishes relations. Out of these relations are
constructed the body of common-sense knowledge, the sciences
and metaphysics. Sensory perception in the first instance, and
then ideas distilled from percepts evoke the feelings. desires and
valuations of which aesthetic and ethical sentiments and principles
are the outcome. According to this science or theory of knowl-
edge, then, religious beliefs and theological doctrines can only be
mediated by reflection on the sensible world, the mind of man and
human history. On the other hand it is often claimed by theolo-
gians that religious experience is founded on apprehension of an-
other species of the objective than the sensory or the sensederived,
and on feelings, etc., induced thereby. This objective datum,
evocative of unique emotional states and dispositions, is asserted
to be apprehended with the same immediateness as is the sensory
and so to afford a basis of knowledge about ultimate reality, inde-
pendent of that on which the natural sciences are built.

If this view were beyond criticism. it would suffice to explain
the uniqueness of religious experience and consequently the
special characteristics of theology. And one ingredient in it
certainly seems to be beyond reasonable doubt. This is that
whatever there is, on the affective or emotional side of religious
experience, that renders it an experience i generis, or distinct
from cognate kinds of experience, that peculiarity must be ac-
counted for by the distinctiveness of the object or objects €licit-
ing the subjective response. Religious experience, on its affective
side, comprises sentiments such as loyalty and love, awe and
adoration, none of which is peculiar to religion, but each of which
differs somewhat from other instances of love, reverence, etc.,
solely in virtue of the object— deity —toward which the religious
emotion is a response. Even those who incline to the opinion that
there is one kind o valuation, viz., appreciation of sacredness,
that is peculiar to religion throughout al the stages of its de-
velopment, ascribe its peculiarity and its forthcomingness to the
unique object that evokes it. But doubtfulness attaches to the
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further representations that this sacred, numinous or supernatural
object isimmediately apprehended as such; that it is irreducibly
differentin psychological nature from. the sensory, or rather from
. the image or the idea which are derived from the sensory, and
that its apprehension involves a special faculty, not included
among those known to ordinary psychology. In the primitive
stages of religion the supernatural object seems alwaysto be lodged
in some natural object or phenomenon, which inspired emotion
such as awe, as is evinced in the notions of clean and unclean,
worship of animals, the dead, etc. Thus the numinous, or divine,
reality, devoid of the concrete particularity that characterizes an
immediate sensation or percept, and capable of entering into di-
verse mythologies and religions, seems rather to be of the nature of
the vague generic image, derived by human imagination and
idealization from impressive phenomena. And it is not enough
to point to the indubitable objectivity (in the psychological sense)
of this alleged numinous reality. For images and ideas, as well
as percepts, are also objective; and they are as potent as actuali-
ties or real things in eliciting valuation and emotional response,
provided that belief in their reality is entertained. Immediacy
is a conception which plays important parts in connection with
religion and theology; and attention may here be called to the
ambiguity which lurksin it and is wont to be overlooked. At the
moment when a particular experience, such as perceiving a
familiar thing, takes place, we are not aware of performing any
synthetic activities; the percept has the unity and the instantane-
ousness of a flash-photograph, and the whole act of perceiving
seems as if unanalysable and unconditioned by previous ex-
periences. From the standpoint of such an experience, the per-
ception is immediate. But from the standpoint of subsequent
reflection on that experience, especialy if we happen to be versed
in the science of psychology, the perception in question was not
immediate. It was not a simple, unanalysable, unity nor uncon-
ditioned by previous mental processes and present interpretation.
Itsimmediacy thus resolves into our unawareness, at the moment,
o real mediation. Now in order to maintain that religious ex-
perience, as illustrated by the primitive instance that has been
mentioned consists in immediate apprehension o a spiritual
environment or a supernatlral beyond, that is real or actual and
not imaginal or ideal, it is essential that the immediacy involved
be accounted such from the latter of the two points of view that
have just been distinguished. Yet it is from the former of them
alone that it can be vouched for by the religious experient, ap-
pealing only to his religious experience. Thus it is doubtful, on
more than one ground, whether apprehension of the sacred and
supernatural is essentially different from sensory knowledge, eked
out with interpretative notions derived from human analogy,
constructive imagination and idealization. 1t may be that the
primitive notion of a god, precursor of the later conception of
God, was derived by such processes from current knowledge of
man, and read into some impressive natural object, constituting
it numinous and capable o €liciting religious emotion.

If this view be adopted, religious experience, on its first
emergence in mankind, will, mutatatis mutandis, have been
grounded in a way similar to that in which theistic belief is
grounded by the philosopher. 1t was the outcome of what may be
called primitive philosophizing on Nature and man, and not of
the exercise of an alleged transcendent faculty of intuition. In-
deed it would seem that such direct touch o God upon the human
soul as religion and theology imply does not admit of being dis-
cerned with real immediacy: it isa case of causa activity, which
admittedly is never perceptible. And as for the rest that has
been said above, its gist is contained in the generally endorsed
dictum, "no man hath seen God at any time." The mystic, it
is true, claims to be an exception. But it is not necessary here
to weigh his testimony, partly because he can only assert, on
the strength of his peculiar experiences, the specious kind of
immediacy which has already been shown to be irrelevant, and
partly because mystical experience seems never to have issued in
theological insight and doctrine that was unknown before and
otherwise. Knowledge of God would seem to be in the same case
with knowledge of our own souls and of other selves, as distinct
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from their material bodies. In each of these instances the object
is not apprehended with directness, but read in analogically; and
the reading or interpretation is justified or verified (gever logically
certified) by cumulative practical success. There well may have
been, from the infancy of our race, a touching of man by God,
even before man arrived at belief in the daemonic or the divine;
but such rapport would not be religion until man had come to
believe in such beings as gods. "He who cometh to God must
believe that Heis." That isto say, religion or religious experience
presupposes, and is constituted distinctive, by a theological no-
tion or concept. This concept cannot be in the first instance de-
rived from religious experience, because religious experience can-
not exist till the idea is forthcoming.

It is very generally taught that theology presupposes religious
experience and is but the explication of it. But it isall a matter
of where, in along chain of development, we fix our starting point
for consideration. In the series of natural numbers, every odd
number precedes an even number and every odd number aso
succeeds an even number until we work back to 1. Similarly, the
" Athanasian” creed presupposes much Christian experience while
the religious experience of Paul the Apostle differed from that
of Paul the Rabbi in virtue of his acquired doctrinal belief as to
the Person o Christ. But if we go back to the beginning of the
series in which theology determines religious experience and in
turn is determined by such experience, pursuing psychologica be-
ginnings since historical origins are beyond our ken, it would
seem that, originally, some crude equivalent to natural theology
must have preceded and caused the emergence of distinctively
religious experience. But religious experience once having arisen
in this way, it will determine theological thought; and the new
thought will render possible a further advance in religious ex-
perience, and so on. Thus there is as much truth in the statement
that theological doctrine determines the quality of religious
experience as in the statement that religious experience and faith
are presupposed by theological dogmas. When, e.g., the Christian
asserts that he has experience of the indwelling Christ, he is ob-
viously interpreting his really immediate experiences, which con-
sist ‘n consolations, joy, peace, upliftingof the will, etc. He would
not so interpret such mental happenings had not Christ been
preached to him, and had he not received doctrine as to the
Person of Christ which he did not make out of his individual
experience. Nevertheless, it is a fact that the idea of God, both
in dogmatic theology and in philosophy, was moulded by religious
experience, guided both by morality and intellect, after the initial
stage of the long course of religious development.

The Relation of Theology to Philosophy. — From the earli-
est times philosophy has had a theological side. Since the dawn
o Greek science and metaphysic, philosophy, Greek and other
than Greek, has produced copious speculation concerning the
existence and nature of God, as well as a vast volume of thought
bearing more or less direct relevance to theological problems, such
as the origin, destiny and meaning of the world and human life.
The greatest of philosophers have dealt with these problems and
it has often been from the side of religion that great thinkers have
received their chief impulse towards philosophy. Moreover the-
ology and philosophy are largely identical in that theology is
essentially metaphysics. No doubt the majority of those who
profess theological beliefs hold their beliefs in complete absence
o metaphysical reasoning; in that sense their belief—i.e., believ-
ing—is non-metaphysical. But their beliefs—i.c., their credenda
—are all metaphysical dogmas or assertions about ultimate reality.
They are religious beliefs in so far as they are metaphysical. For
instance, that Jesus "suffered under Pontius Pilate” is, as a bare
historical fact, of no religious import; but when it is intended
toimply further that He suffered for us—i.e., for our salvation—
it is a metaphysical statement concerning the relation o God to
human souls and, in virtue of that metaphysical content, is a
religious doctrine.

Besides being concerned with the same metaphysical subject-
matter, philosophy is involved in theology and can aid its work
in various ways. Firstly, in respect of the systematization and
unification of knowledge. Christian theology needs must connect
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its more or less separate and independently elaborated doctrines
into a coherent whole. Thus Origen, one o the first Fathers to
present an ordered system of Christian dogma, tells us that while
the Apostles delivered themselves clearly on certain points neces-
sary for all to understand, they left the grounds o their utter-
ances and the more precise determination and demonstration of
many doctrines to the more zealous of their successors who should
be "lovers of wisdom™; and he expresses his desire to form a
connected series of truths or one body o doctrine. That is the
goal of dogmatic theology which would relate, e.g., the doctrine of
the Atonement with that of the Incarnation or the doctrine of
Sin with that of Creation, and obviously such connection involves
resort to philosophy. Again, the exposition of any single doctrine
involves the use of interpretative ideas, such as can only be sup-
plied by the science and philosophy current in a given age. Severa
doctrines that purport to be deduced from scripture alone are less
the result of strict exegesis than the result of speculation applied
to such material as secular knowledge was believed to have estab-
lished. To give one example: the doctrine of Origina Sin is not
contained in the Old Testament and the only unmistakable pre-
sentation of it that can be found in the New does not appear to
have been the starting-point for the first framers of the ecclesi-
astical doctrine. Tertullian set out from stoic psychology, Origen
from the institution of infant-baptism and aso from the myth
o Plato concerning the fall of the soul from the celestial sphere
into earthly life. But of greater importance than cases o this
kind is the fact that the very terms and conceptions, requisite
as a mould into which the relatively undefined traditional beliefs
o the early Church must be cast in order to yield explicit and
definite doctrine and, appropriated for that purpose, were sup-
plied by Greek philosophy.

The office of philosophy within the sphere of theology, with
which we have thus far been concerned, may be described as that
o interpreting to the reason the contents o religious experience.
The philosophy of religion seeks to show that the fundamental
ideas of religion, so far from being contrary to reason or from
being ideas begotten of faith indifferent to knowledge, are capable
o receiving a rational, or at least a reasonable, justification in
terms of philosophical principles. Philosophy, or even theology,
is no substitute for religion, and, of course, does not profess to be.
I't professes, rather, to show the compatibility o faith with reason
and knowledge and to interpret the contents o faith to the
reason.

Another function of philosophy is the undertaking of a critical
examination o the processes involved in what we cal knowing
and o the various conceptions that enter into the knowledge
claimed either by common sense or the sciences, with a view to
disclosing the nature, validity and limits of human knowledge.
And this function has a necessary place aso in the sphere of
theology. There we require to understand the precise relations
between what are respectively called knowledge and faith; and
it is necessary to pursue the "critical regress" within the field of
dogmatic theology because, as history shows, the legitimate de-
sire for completeness of system and knowledge and for definite-
ness o dogmatic expression is apt to become the wish to know
more than, perhaps, can be known and to know too definitely.
In the middle ages, when theology was more ambitious than
critical, fulness and precision were claimed in so inordinate a
degree that, as a sympathetic historian has observed, an agnostic
reaction was necessary in the interests of reverence. And it is
always natural for theologians to betake themselves too ex-
clusively to the drawing of inferences when more attention might
profitably be devoted to the sifting of premisses. Thusit is that
the word "dogmatic,” which technically indicates one province of
theology, has come sometimes to bear a less noble signification;
and dogmatic theology has been distrusted as requiring assent to
doctrines that are not self-evident and for which no proof can be
supplied.

But while philosophy, as a critical method, is a corrective of
dogmatism in the foregoing sense, philosophical theology is not
necessarily hostile to dogma. Individual philosophers have doubt-
less tended to set up empty abstractions, as will presently be seen,
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in place of positive facts and concrete existents; but that is no
necessity inherent in philosophy itself, as a pursuit.

Hegel observes in his Philosophy of Religion that in his day an
anti-dogmatic spirit was abroad among dogmatic theologians, who
at the same time charged philosophy with merely negative or
destructive tendencies. These, he said, have thrust dogmas into
the background, pronouncing them unimportant and extraneous
definitions or mere phenomena of past history. Christ's work
of redemption had received a very prosaic and merely psychologi-
cal significance and the doctrines of the Trinity, etc., were neg-
lected as matters of indifference, even by pious theologians.
This spirit was by no means confined to Hegel’s day. |t might be
caled the temper of indefiniteness. It is met with in the sup-
posed antitheses between kernel and husk—asif kernels ever grew
without husks—and between the life and the creed—as if Chris-
tianity were not a life based on a creed, and Christian ethic did
not owe its distinctiveness to its dependence on Christian doc-
trines. In recoiling from dogmatism such as would be over-pre-
cise, it distrusts precision of expression as such.

The necessary and intimate connection o theology, even dog-
matic theology, with philosophy now having been illustrated from
several sides, the two main types of method that have been em-
ployed in philosophical theology may in turn be described: they
are respectively called the a priori and the empirical.

The a priori Method and Rational Theology—Of the
phrase a priori we can distinguish two meanings that are apt to be
confounded. It may have a psychologica sense, when the phrase
means "contributed by the mind itself,” and so is generaly
equivalent to "innate." |t may also bear a logical sense, as when
a priori truth is described as truth characterized by universality
such as, in contrast with mere generality, bespeaks intrinsic or
unmediated necessity. In the former case, contrast with the em-
pirical and sense-given is pointed, in the latter case, contrast with
the contingent—i.e., with what is, but conceivably might have
been otherwise.

It may be said, with accuracy sufficient for the present purpose,
that the a priori method was introduced into philosophy and
theology by Plato. He took the ideal or pure science of mathe-
matics, which deals with the non-actual, to be the paradigm of
knowledge of the actual — science and philosophy. Despising the
sensory, and empirical investigation, he valued only the relations
and the universal qualities manifested in facts, so that these came
to be considered, not as entering into the constitution of actuality,
but as existing wholly independently, and this rational or intel-
ligible world, as contrasted with the sensorily perceived, was
accounted the truly existent or the "rea.” Thus arose the a priori
method, in the logical sense of that phrase, and the rationalistic
theory of knowledge, which, without much qualification, may be
said to have dominated philosophy for centuries. So long as it
did not and could not—till analytical psychology was born—be
suspected that sense and understanding may have a common root
and that between understanding and reason there is continuity
rather than disparateness, the rationalist's belief in a faculty called
reason, capable of functioning in independence of sensation and
sensory data, was possible and natural. This faculty was regarded
by the ancient philosophers as the sole source of real, i.e., higher,
knowledge; as independent of body and "animal soul,” and even
as a participation in the Divine Reason, a "spark of Deity."”
Christian theologians, who found much in Plato's system that
they could assimilate, also appropriated this ancient doctrine as
to reason. Augustine applied it to explain the reception of super-
natural truth and the divine illumination of the mind of man, and
it coalesced with the Logos-doctrine of the Church. From Augus-
tine and neoplatonism it was accepted by Descartes and so be-
came entrenched in early modern philosophy. The existence of a
lumen naturale, a faculty innate as instinct, but mediating neces-
sary and eternal truths, was one of the tenets of rationalism and
one that theologians were naturally inclined to adopt. Hence
a priori theology, in the psychological as well as the logical sense
of the phrase, flourished long. Another feature of the rationalistic
and a priori theory of knowledgeis itstendency to identify know:-
edge and thought. Knowledge (of actuality) is pre-eminently
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thought, but since the 18th century we have been compelled to
recognize that it is also more. Further, the consistency o thought
with itself was often confounded with validity—.e., with "hold-
ing of” actual things. But fiction can be consistent while not being
truth about actual persons, and metageometries may be as con-
sistent as Euclid without having any applicability to our world.
Moreover, what were deemed to have been self-evident axioms,
forming the basal principles of various sciences from mathematics
to theology and purporting to be read df as necessary truths by
pure reason, havein these latter days been accused of being either
conventions, like the rules of a game, or disguised empirical in-
ductions. These modern discoveries and the emergence o a
genetic science of common or universal, as distinct from private
or individual, experience have rendered tenet after tenet o the
a priori school obsolete for many minds.

Turning now to the application of this method and type o phil-
osophy to the sphere of theology, we may note that to it is due
a large part of the content of the traditional conception o God
and His attributes. From the patristic age to the modern period
of philosophy philosophical theologians took over the concept o
God as largely fashioned during the long development of religious
thought, including the Hebrew thought in which Christianity has
its roots. And in Hebrew religion, the transcendent attribute of
Jehovah is His holiness. God is personal, not a cosmic force, in-
terested in individuals, immanent in Nature and man. But the
Greek philosophers, who founded philosophical theology, had
relatively little concern with such qualifications of Deity. Greek
philosophy began as cosmology and ethics was an after-develop-
ment. And Greek theology was rather an academic product than
born o personal experience and life. Hence, save for Plato's
identification of God with the Good, it endowed God with what
may roughly be called "the physical" attributes in a predominant
degree. The Greek mind, not the Hebrew, is responsible for the
attribute of infinity, perhaps for those o omnipotence and
omniscience in their absolute and rigorous senses, and for the
qualities of immutability and impassibility, the taking over of
which by Fathers of the Church involved them in the difficult
task of reconciling such attributes with the nature o a living
Spirit. Some of the Greek theological ideas, a priori in character
rather than derived from life and experience, proved to be a
mould somewhat incongruous with the Hebrew-Christian content
which philosophically-minded Christian doctors thrust into it.
It was at once too large and too small. if immutability means
more than self-consistency, and impassibility more than freedom
from human anger and corporeal passions, they cannot be predi-
cates of a God o love and a Father of spirits. Like infinity,
until that concept passes over into the idea of ethical perfection,
they are derived from inert matter rather than active spirit and
are quasimaterialistic or mathematical rather than spiritual and
ethical conceptions. "Infinity" has borne several distinct meanings,
both in Greek and in later philosophy. Originaly its sense seems
to have been that of indeterminateness or being devoid d any
particular characters, formless, indefinite and indefinable: in
which case it is, of course, not predicable of any actual being.
Then it came to mean the endless or limitless, what cannot be
reached by successive acts of addition or division. Infinity, in
this sense of the endless in time, space or number, is only relevant
in mathematics; it can have no application to God, who is without
parts or magnitude. Lastly, "infinity" acquired the meaning of
completeness, ethical perfection and immutability. Then, how-
ever, it became a redundant word; as properly used it can be
dispenscd with by theology.

Even moreinapt to Christian or theistic theology than some of
the Greek a priori concepts is the abstractive method of arriving
at a conception of God, which passed, through Philo especialy,
from Greek thought to some of the Fathers of the Church. The
rationalistic propensity to regard the most abstract conception as
the ultimately real being, coupled with the formally intellectual
tendency to oust from philosophy and theology not only the
anthropomorphisms of vulgar thought but also the inaienable
anthropic functions of human mentality, led to usage d "the
negative way." That consists in repudiating all positive charac-
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terizations of God supplled by human analogies. 1t hasaptly been
described as a deification of the word "not."” Everything, it is
represented, that can be affirmed of the finite must be denied of
the Infinite One. Thus God becomes conceived as an indeter-
minate absolute, ineffable and unknowable; the living Spirit is
replaced by a pure idea. The Fathers favourable to this method,
who even when abstract philosophers were aso pastors and cur-
ators of Christian tradition, were saved from propounding these
extravagances by a wholesome inconsistency. But Philo, gnostics,
and neoplatonists, who took the negative way more seriously,
found it necessary, in order to bridge the impassable gulf which
they set between the Infinite One and the finite world, to invent
powers, aeons and emanations.

The Empirical Method and Natural Theology.— The
phrase "natural theology” has usualy been a synonym for
“rational theology"”; e.g., the natural theology of the English
deists, who may aptly be described as rational theists, consisted
o doctrines supposed to have been discerned by human reason,
its first principles being self-evident, and its secondary doctrines
being deduced from them, in accordance with the a priori prin-
ciple, that so and so is because it must be. But it is convenient
to give to " natural theology" a distinctive meaning. Asasynonym
for "rational theology™ it is superfluous; while there is a the-
ology derivable empirically from the study o Nature, man and
human history, and consequently not "rational™ and a priori, for
which the title "natural" is the most appropriate. |t will there-
fore be so used in the present context.

The possibility of a theology of this kind was recognized at
least as early as the time of St. Paul, who wrote that "the in-
visible things of [God] from the creation of the world are clearly
seen, being understood by the things that are made."” But though
theology is thus derivable, it must be added that it has not as
yet been derived, at least not with anything like the completeness
and system possessed by some of therational theologies that have
been forthcoming between the times of, say, Aristotle and Hegel.
Empiricism, in a nobler than its historical sense which degrades
it to sensationism, yet awaits its master-mind comparable to a
Plato or a Spinoza; hitherto, both in philosophy and theology,
it has been represented but fragmentarily, and, if by able
thinkers, scarcely by genius o the highest order. Some of the
threads which await weaving into the texture of an empirically
grounded philosophical theology by a future master-weaver are
already within the common ken and may be briefly indicated.

It is admitted that theology rests on faith. Faith, in the first
instance, creates ideas, such as that of God, and believes in real
or actual counterparts to them. It claims to be knowledge, but
is not knowledge or cannot be known to be knowledge, in the
same sense that natural science is knowledge. Faith may issue in
knowledge or it may not. The individual believer, whether a
mystic or a non-mystic, may adopt, for the ordering of his own
life, the attitude "1 am certain.”" Therein he is invulnerable; but
his faith will be a matter of personal biography and his certainty
will be but subjective certitude or convincedness until reasons be
forthcoming for taking the objects of his belief to be actual (as
istheking of England) and not merely imaginal (as the mermaid)
or purely ideal (as the line without breadth). Theology and phil-
osophy are concerned with the knowability and the actuality of
God and with the validity of statements about Him. Rational
theology maintained that God's existence, etc., could be proved as
coercively as a theorem in Euclid. Empirical theology denies that
thisis so, and empiricism asserts that knowledge, in that sense, is
not forthcoming even as to the existence of other subjects or
souls than one's own. Empiricism can also assert that what is
caled scientific knowledge and what are our most assured con-
victions as to the physical world rest ultimately on indemon-
strable postulates or an act o faith, and observes that there is
no more a rational cosmology than there is a rational theology.
I n both spheres verification is pragmatic and is very different from
logical certification, which would only be forthcoming if science
were composed of deductions from axioms, instead of inductions
from facts. Thus, in the entire realm of actuality, as distinguished
from that o the pure or ideal sciences, what, of courtesy, we
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cal knowledge is after al but probable belief. We can only be
reasonable, not rational.

Such is the empirical account of the relation of faith to reason,
theology to science and philosophy. It follows that no proof,
in the most rigid sense, of the primary dogma of theism is
possible. Such proof as may be had will consist in showing that
theism is the most reasonable interpretation of the world and
man, and in displaying the cumulative evidence for the assertion
that the cosmos is due to the conspiration of innumerable causes
and adaptations, by their united and reciprocal action, to issue in
a general order of Nature, such as cannot reasonably be ascribed
to fortuitousness but only to design by a supreme mind that must
be intelligent and moral, the ground of the Good, the Beautiful
and the True. Philosophical theology will thenceforward consist
in the reinterpretation of the world and human history in terms
of that metaphysical conclusion.

Theology Based on Other Grounds. — After rational theology
received the classic criticism of Hume and Kant, attempts were
made to establish theology on a new basis. The old proofs having
been shown to be either fallacious or insufficient, the theoretical
knowledge-methods by which they had been mediated were re-
nounced, as not the proper foundation of theology. But the
empirical procedure, seeking for grounds of reasonable belief
wherewith intellectually to justify faith, did not commend itself
to the generations which succeeded Kant. In the rgth century
the discovery o the deists that revealed religion presupposes
natural religion was ignored; and Butler's suggestion, that what he
vaguely called probability constituted our guide, was deemed in-
adequate. The latter line of thought was indeed pursued, without
explicit awareness of the fact, by the numerous English writers
who, from S. T. Coleridge onward, developed the doctrine that
religious truth can only be judged and accepted by "the whole
man," and not by man as merely intelligent. Recoil from dis-
credited 18th-century rationalism, however, did not direct itself
to the empiricism represented by Locke, and perhaps more faith-
fully, in the theological sphere, by Butler. Confusing probability,
as something pertaining to common or public beliefs and " knowl-
edge,” with acceptance as merely probable on the part o the
individual believer, objectors generaly submitted that ardent
faith is not a weighing o probabilities, nor can faith be content
to stake its vital convictions on what it merely deems probable.

Of course the faithful man is certain, in the sense of being pri-
vately convinced; but mhat he is confident about may not have
logical or scientific demonstrability from the point of view of
objective or common knowledge. And it is the latter issue, not the
mentality of this or that individual, with which theology is con-
cerned. But inasmuch as this confusion d standpoints was prev-
alent, it is not surprising that efforts were forthcoming to find
a new basis for theology such as should constitute it a science,
yet vindicate subjective certitude. Schleiermacher appealed to
immediate experience. But it may perhaps be said that the
immediacy of which he treated is but mediateness unrecognized.
When he proceeded to draw out what was implicit in his funda-
mental immediate truths, he reveals the presupposing of a whole
system of philosophy and science. Another such attempt was
that of Ritschl, who sought to make theology independent of the
sciences of Nature and historical criticism, of metaphysics or
theoretical (by which he seems to have meant rational) knowledge,
grounding it on judgments of worth. That theology derives its
arguments largely from considerations as to values is of course
true. But these valuations must be appreciations of the actual,
and so presuppose knowledge of the world and man, in order to
yield any theistic argument. The existence of a rea object, such
as God or heaven, cannot be inferred from the worth o an
ideal object or from doctrines about such objects. An existential
science, then, cannot be extracted from considerations as to worth
alone. Thereis room, moreover, for nothing but private faith or
blind hope in the realization and conservation of the valuable,
until the universe has been found, by theoretical knowledge, at
least not to be of such a nature as to involve extinction o the
valuable. That the good ought to be conserved is irrelevant to
whether it Wll be conserved, until we have established a reason-
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able belief in a good God. Thus it would again seem that the-
ology can only claim to be reasonable belief and that it can only
provide itself with reasonable belief by interpreting the actual
world. Once severed from the kind of "knowledge"” on which it
is dependent, it is unable to find any criterion whereby to dis-
tinguish reasoned and reasonable belief from superstition, the-
ology from rules for pious behaviour or for pious feeling towards
objects that may be but fond imaginations

Biblical and Dogmatic Theology.— Only a few words can
be added here to what has been already said as to dogmatic and
biblical theology, subjects on which the special headings should
be consulted. There is, of course, no one theology of the Old
Testament. That collection of books, belonging to different times,
is constituted a unity by its record of how Hebrew monotheism
gradually developed during several centuries. It describes man's
groping after God, which, from the theistic point of view, is but
the converse side of God's progressive revelation of Himself to
man, imparting knowledge of Himself or inspiring the pursuit of
religious discovery, not by overriding human faculties but by
adaptation or condescension to them. God, as a Christian father
expresses it, ever took man as he was, in order to make him what
he was not. Thus was gradually reached the lofty and ethical
conception of God and His relation to humanity which was
presented by the great prophets. The Old Testament contains the
history of God's preparation for the reception by humanity of
the highest and fullest revelation of Himself in a human per-
sonality. The New Testament, again, contains the account of
the impression produced by the life and teaching of Christ and
the earliest extant interpretations of His Person. The relation of
Christ to God came to be formulated in terms of the conception
of incarnation; but though incarnation involves an event in "the
fulness of time," the Incarnation has been by no means exclu-
sively regarded by Christian doctors as a complete discontinuity
or as but contingent on man's need of redemption. From antiquity
there have been those who regard the Incarnation, on the one
hand, as the last of many stages and, on the other, as part of the
eternal counsel of God. The doctrine of the Incarnation and that
of the Trinity which is intimately bound up with it are the two
dogmas that are most distinctive of the Christian type of theism;
and they are the two which for the first five centuries figure most
prominently in the development of the church's doctrine. In this
connection it is interesting and important to observe that during
this constructive period there was a considerable approach, within
the church, to that divergence as to philosophical method that
has received notice in earlier sections of this article. The school
of Alexandria was largely Platonist in its theological conceptions;
and, setting forth from the divinity of Christ as—in a sense—
a priori datum or prior certainty, sought as best it could to account
for Christ's human nature and to explain its union with the divine
nature in one person. The school of Antioch, on the other hand,
was more empirical. |t pursued the scientific or historical, rather
than the allegorical, method of exegesis of Scripture and, in
Christology, it set out from the observed facts about Christ as
man, seeking how to conceive of His deity compatibly with them.
The Alexandrines cherished the metaphysical concepts of sub-
stance, etc., and spoke of the union of the two natures in Christ
as "hypostatic"; the Antiochenes preferred to think in terms
of the ethical and spoke of a "mora harmony." For better or
for worse, the former school exerted the dominating influence in
the final and ecumenical formulation of orthodoxy. It trans-
mitted doctrines expressed in terms of philosophical conceptions
which the modern mind sometimes evinces a desire to discard
or supersede, on the ground that they do not take account of
distinctions which, once emergent, cannot be ignored, and other-
wise present difficulties which, unsuspected in the past, to-day
are felt to be acute.

Returning to the particular dogmas of the Trinity and the
Person of Christ, we may observe that in the case of the elabora-
tion of the former of them the search was made for a conception
of the Persons of the Triune God such as should avoid the impli-
cation that God is a divine society of several individuals and also
the implication that the Persons are merely temporal roles or
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modes of God. In other words, the great doctors from Tertullian
to Aquinas who have expounded Trinitarian doctrine were feeling
for a mode of being intermediate between what can be denoted
by a noun and what can be denoted by an adjective, such as an
attribute or a relation. Since human experience knows of no such
mode of being and the conception of it cannot be elucidated by
any analogy, these teachers have recognized that, in the last
resort, they were dealing with mystery or with what transcends
the limits of the human mind to comprehend or to conceive. And,
shrinking more from tritheism than from modalism, they gave
to the orthodox formulation of the doctrine of the Trinity a
meaning which it is not easy to distinguish in essence from the
rigidly monotheistic or monarchian conception of God as un-
differentiated, save in respect of possessing a plurality of attributes
or relations that are eternal and intrinsic and not merely tem-
porary, as heresiarchs had asserted. On the other hand the
doctrine of the Person of Christ which received the consent of the
universal church implies that in Christ, as incarnate, there was
but one subject—if this term of modern psychology accurately
represents what was meant, viz., the Logos or pre-existent Son,
and that our Lord's human nature was "impersonal.” This would
seem to involve a conception of the Trinity somewhat different
from that contained in the dogma as just expounded, inasmuch
as the Logos is now treated as an agent or subject and yet as
distinct from God or the Father. Perhaps it is because of a sense
of discrepancy in this connection that recent thought has some-
times manifested a tendency to interpret the Incarnation of the
Logos in terms of the notion of divine immanence in a human
personality. From this point of view, "God was in Christ . . .”
would better express the Incarnation doctrine than " The Word
became flesh.” But the translation of these two fundamental
Christian doctrines into terms of conceptions such as are service-
able in psychology and theology at the present day has not yet
been accomplished.

BisriocraraY —Of the theology of ancient Greece a particular in-
terpretation will be found in Edward Caird, The Evolution of The-

Oloege)& in the Greek Philosophers, 2 vol. (1g04). On the influence of
Gr philosophy on early Christian thought, sse C. Bigg, The

Christian Platonists of Alexandria (1886; new ed., 1913). Of the
theological thought o ancient and modern philosophers “an account

is given in J. Watson, The Interpretation of Religious Experience,
vol. i (1912). The most important book on religious experience is
the pioneer work of William James, The Varieties of Religious Ex-
perience (rgo2). For studies propaedeutic to IJJhiloso_lphicaI theology
and an empirical approach to theology, see F. R. Tennant, Philo-
sophical Theology (1928). A concise account  the early develop-
ment o dogmatic theology is contained in J. F. Bethune-Baker, An
EIz(r:]troduc;ion to the Early History of Christian Doctrine (1go3; 2nd

., 1920).

For further relevant literature see Docars, Doyatic THEOLoGY;
FaiThH; THEISM; and articles on specific doctrines; etc. (F. R. T.)

THEON, AELIUS, Alexandrian sophist of uncertain date,
was author of a collection of progymnasmata (preliminary ex-
ercises) for the training of orators. The work, which probably
formed an appendix to a manual of rhetoric, shows learning and
taste, and contains valuable notices on the style and speeches of
the masters of Attic oratory.

Theon also wrote commentaries on Xenophon, Isocrates and
Demosthenes and a treatise on syntax. He is to be distinguished
from the grammarian Theon, who lived in the time of Augustus
and also wrote on rhetoric.

THEOPHANES, surnamed "the Confessor" (c. AD. 738-
818), Greek ascetic, chronicler and'saint, belonged to a noble
and wealthy family and held several offices under Constantine V.
Copronymus (741-775). He subsequently founded a monastery
(700 MeyaNov *Aypod) near Sigriane. He took a strong position
against the iconoclastic policy of Leo V and was imprisoned in
Samothraee, where he died (818). He subsequently received the
honours of canonization. He continued the Chronicle of George
the Syncellus from the accession of Diocletian to the downfall
of Michael I, Rhangabes (284-813). The work, although wanting
in chronological accuracy, is of great value as supplying the ac-
counts of lost authorities.

There is also extant a further continuation,,in six books, of the
Chronicle down to the year 961 by a number of mostly anonymous
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writers (called Oi wera ©eopdrnr, Scriptores post Theophanem), who
worked by the instructions o Constantine Porphyrogenitus.

Editions o the Chronicle: Editio princeps, J. Goar (1655); J. P.
Migne, Patrologia Graeca, cviii; J. Classen in Bonn Corpus Scripto-
rum Hist. Byzantinae (1839—41); and C. de Boor (1883-g3), with an
exhaustive treatise on the manuscript and an elaborate index; E. W.
Brooks in Byzantinische Zeitschrift, 15, p. |78 €t seq.

Editions of the Continuation in J. P. Migne, Patr. Gr., cix, and
writer in Sitzungsberichte der philos.-philol. und der hist. Ci. der k.

|. Bekker, Bonn Corpus Scriptorum Hist. Byz. (1838); on both
works and Theophanes generally, see C. Krumbacher, Geschichte der
byzantinischen Literatur (189%); Ein Dithyrambus auf Theophanes
Confessor (a panegyric on Theophanes by a certain protoasecretis
under Constantine Porphyrogenitus) and Eine neue Vita des Theo-
phanes Confessor (anonymous), both edited by the same writer in
Sitzungsberichte der Philos.-philol. und der hist. CI. der k. bayer.
Akad. der Wissenschaften (1896, pp. s583-623; and 1897, pp. 371-
399)); E. Gibbon, Decline and Fall, ed. by J. B. Burp, v, p. 530 (1896~
1900).

THEOPHANO (d. go1), Holy Roman empress. That The-
ophano w sa Byzantine princess is accepted, but there is no agree-
ment about her parentage. Some historians make her the daughter
of the emperor Romanus II and Theophano, who had been an
innkeeper's daughter. Others maintain that it is only certain that
she was the niece of John Tzimisces, who assassinated the em-
peror Nicephorus II in 969 and became emperor himself.

Whatever her parentage, the princess Theophano rose to the
position of imperator if one document so signed by her is proof
positive. After the death of Romanus II., whom Theophano the
elder was suspected of poisoning, the Holy Roman emperor Otto I,
who had attacked the Byzantine possessions in Italy, proposed a
marriage between the young princess and his heir, Otto. But this
alliance was not favoured by the new Byzantine emperor Ni-
cephorus Phocas, who had married the elder Theophano. It was
only after the accession of John Tzimisces that the young princess's
wedding was finally arranged, and the ceremony took place with
much pomp in Rome in g72. Rich estates were assigned to
Theophano.

In 973 she was present at the last diet presided over by Otto |
before his sudden death. In the first years of Otto II's reign,
Theophano's influence was overshadowed by that of her mother-in-
law, the powerful Adelaide (Adelheid), but as Adelaide became
estranged from her son, Theophano rose in power. She had four
children: three daughters and one son, Otto, born in 980. Shortly
after the birth of Otto, Theophano accompanied her husband dur-
ing his campaign in Italy, which ended in a severe defeat caused by
an alliance between the Arabs and the emperor of Byzantium, Basil
II. While preparing a fresh campaign in Italy, and after he had
arranged the election of his three-year-old son as German king,
the emperor suddenly died in Rome (983). A rebellion broke out
in Germany, led by Otto's cousin, Henry the Quarrelsome, duke of
Bavaria. In 984 the child king was handed over to the two em-
presses and to his aunt, Mathilde, abbess of Quedlinburg.

Theophano ruled as empress with great success and wisdom.
The education of her gifted young son she entrusted to Saxons.
Her daughters were educated in the great imperial abbeys, and two,
Adelaide and Sophie, became abbesses, of Quedlinburg and of
Gandersheim respectively. At Easter in gg1 Theophano held a
diet at Quedlinburg, but, while traveling in the interests of the
imperial government, died suddenly at Nijmegen on the following
June 15. She was buried at Cologne, in the church of St. Pan-
taleon, whose relics had been the most precious part of her dowry.
She was succeeded by her mother-in-law, yet only as regent, with-
out the full authority exercised by Theophano.

In her short reign Theophano was an energetic ruler under in-
comparable difficulties. The manuscripts she donated to those
churches and cloisters she especially favoured testify to her culture
and piety.

THEOPHILE, the name by which Théophile de Viau (or
Viaud), French poet (1591-1626), is more commonly called. He
was born in 1591, at Clairac, near Agen, and was educated at the
Protestant college of Saumur. |n 1612 he met Balzac, with whom
he made an expedition to the Netherlands, which ended in a
serious quarrel. On his return he seemsto have been for two years
a regular playwright to the actors at the Hétel de Bourgogne.
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In 1615 he attached himself to Henry, duke o Montmorency
(1595-1632), under whose protection he produced the tragedy
of Pyrame et Thisbé, acted probably about 1617. This piece,
written in the extravagant Spanish-Italian manner, was ridiculed
by Boileau (preface to his (Euvres, 1701). Théophile wes a
Huguenot and a freethinker, and had made unsparing use d his
sharp wit in epigrams on the church and on the government. In
1619 he was banished from Paris, but was allowed to return in the
next year. He then served in that year in the campaign against
the Huguenots, but in the autumn was an exile in England. He
was recalled in 1621, and abjured Protestantism in 1622. In 1622
he had contributed four pieces to the Nouvean Parnasse Satirigue,
a miscellany of verse by many hands. In the next year a new
edition appeared, with the addition of some licentious verse, and
the inscription par le siew Théophile on the title page. Con-
temporary opinion justified Théophile’s denia o this ascription,
but the Jesuit father, Francois Garasse. published a tract against
him entitled La Doctrine curieuse (1623). Théophile was again
prosecuted. This time he fled from Paris, to the court d Mont-
morency, and was condemned in his absence (Aug. 19, 1623) to
death. On hisflight to the border he was arrested, and imprisoned
in the conciergerie in Paris.

Théophile defended himself in an Apologie au roi (1623), and
was liberated in September, his sentence being commuted to ban-
ishment for life. Under Montmorency's protection he hid in Paris
for some time, and subsequently accompanied his friend and patron
to the south.

Hedied in Paris on Sept. 25, 1626.

Forty-two pamphlets on the prosecution of Théophile, written
between the dates 1622 and 1626, are preserved in the Biblio-
théque Nationale in Paris. The standard modern edition o the
works of Théophile is that of Alleaume in the Bibliothéque Elzé-
virienne (2 vol., 1836). Besides Pyrame et Thisbé, his works
include a paraphrase. haf verse, haf prose. o the Phaedo. There
are numerous French and Latin letters, his Apologie, a promising
fragment of comic prose narrative and a large collection d oc-
casional verses, odes, elegies, stanzas, etc.

See K. Schirmacher, Théopkile de Viau (1897).

THEOPHILUS, SAINT, bishop o Antioch about A.D. 180
(his chronological sketch of the history of the world ends with
the death of Marcus Aurelius in that year), is known from his
three apologetic treatises To Autolycus, preserved in asingle rrth-
century Greek manuscript. The first deals with Christian faith
in God and in the resurrection of the dead: it may be based on
catechetical instructions. The second contains theologica criti-
cism of Greek religion, philosophy and poetry, followed by a™typo-
logica commentary on Gen. i. 1-iii, 19. The third attacks pagan
writers and "proves" that Christian teaching is both better and
older than that of all other peoples.

Theophilus tried to create a theology by interpreting the Bible
(especialy the Old Testament) in relation to contemporary rhet-
oric and eclectic philosophy. He gives extensive quotations from
Hellenistic anthologies of poetry and philosophy, as well as from
the Jewish Sibylline Oracles. Theophilus is the first Christian
known who defined faith as necessary in any human activity (i. 8;
cf. Cicero. Lucull. 109); the first to use Skeptical "modes” in at-
tacking pagan religion; and the first to speak of the dignity o man
(ii, + ) Heisthe earliest writer who mentions the inspiration of
New Testament writings (iii, 12; ¢f. ii. 22), the triad of God, his
Word and his Wisdom (though with man they form a tetrad; ii,
15). and the (Stoic-Philonic) immanent and expressed Word of
God (ii, 10, 22; see Locos).

Theophilus emphasizes man's free will and his duty to keep God's
law; thus he stands between the older Jewish Christianity and
Greek patristic thought. Theophilus influenced Irenaeus, Tertul-
lian and Novatian, but was later forgotten.

Nothing is known of his life. though in the 4th century he was
mentioned by Lactantius and by Eusebius. His work was first
published by Johannes Frisius in 1546. The best edition is that
of J. C. T. Otto (1861). (R. McQ. G)

THEOPHILUS, East Roman emperor (829-842), the second
of the Phrygian dynasty, a pronounced iconoclast. In 832 he
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issued an edict strictly forbidding the worship of images. His
whole reign was occupied in war against the caliphs of Baghdad.
(See CALIPHATE. The Abbasid Caliphs.) This war mas caused
by Theophilus, who afforded an asylum to a number of Persian
refugees. The Roman arms were at first successful; in 837
Samosata and Zibatra (Zapetra, Sozopetra). the birthplace of
al-hlu'tasim, were taken and destroyed. Eager for revenge. al-
Mu'tasim assembled a vast army, one division of which defeated
Theophilus, who commanded in person, at Dasymon, while the
other advanced against Amorium, the cradle of the Phrygian
dynasty. After a brave resistance the city fell into al-Mu'tasim's
hands through treachery. Thirty thousand of the inhabitants
mere slain, and the city razed to the ground.

Theophilus never recovered from the blow, and he died at the
beginning of 842.

BisLiograrHY. — E. Gibbon, Decline and Fall, ch. 48 and 52: F. G.
Schlosser, Geschichte der bildersturmenden Kaiser (181(23); G Finlay,
History of Greece, ii, p. 142 (1877); G. F. Hertzberg, Geschichte dér
Byzantiner und des osmanischen Reiches, bk. i (1583)- H. Gelzer,
“Abriss der byzantinischen Kaiserpeschichte” in C. " Krumbacher,
Geschichte der byzantinischen Literatur, 2nd ed. (1897); and authori-
ties under Roman Emrpire, Later, On the early campaigns against
the Arabsaee J. B. Bury in Journ. Hell. Stud., xxixX; pt.i (1909).

THEOPHILUS (THeopore NicHoLAS Pasukovsky) (1874—
1950), primate of the Russian Orthodox Greek Catholic Church of
America from 1934 to 1950, was born in Kiev province. Russia, on
Feb. 19, 1874, and received his early theological training there.

Moving to the United States in 1897, he was ordained to the
priesthood in San Francisco the same year. While in San Fran-
cisco, he founded that city's Russian Orthodox cathedral in 1gog,
replacing an older church destroyed in the great earthquake of 19o6.

In 1913 Pashkovsky was transferred to Warsaw, Poland, and
when World War | broke out he served with the imperial Russian
army as a chaplain. Caught in the Russian Communist revolution,
he had difficulty leaving the Soviet Union; but in 1922. upon being
named bishop of Chicago, he returned to the United States to take
up his new duties. Transferred to San Francisco in 1g31, he was
made presiding bishop of the Pacific coast in 1934. Later that year
he was elected metropolitan archbishop of the United States and
Canada.

One of the problems which faced Theophilus during his primacy
was the question of whether the North American Russian Orthodox
Church should reunite with the mother church in Moscow. In
1945 the American bishops voted for such a reunion, but three
years o negotiations led nowhere. In 1948 the bishops reversed
their stand and declared their independent status. The soviet news
agency then reported that Theophilus was to be tried by the Rus-
sian Orthodox Church in the U.S.S.R. for "attempts to split the
church."” Thetrial was held inabsentia, when the American metro-
politan refused to attend.

Theophilus died in San Francisco on June 27, 1gso.

THEOPHILUS (THEOPHILUS PRESBYTER, SOmetimes identi-
fied with RocErUs voN HELMERSHAUSEN) (C.1100), author of the
Schedula diversarum artium, an important treatise on medieval
arts, particularly that of the goldsmith. He assumed the name
"Rugerus" and may have been a Greek monk who after traveling
extensively in Europe settled in a Benedictine monastery at Hel-
mershausen, near Paderborn. The Schedula includes a prologue
treating the fall of man and the beginning of labour. Thetextisin
three parts: book i, painting; book ii, glass windows; and book iii,
metalwork from furnaces to liturgical objects. Also included are
directions for niello (g v.), the use of precious stones, bell casting,
ivory working and organ making. Many of the techniques de-
scribed in the Schedula may be found on such 12th-century works
as the portable altars of Baderborn cathedral. In spite of oc-
casional details of alchemy and superstition, the explicitness and
accuracy of the instructions suggest that Theophilus, if not a
practising craftsman, was a shrewd observer.

His own Latin manuscript of the Schedula disappeared but nu-
merous copies survived, such as the Codex Vidobonensis no. 2527
(Nationalbibliothek, Vienna), the Codex Gudianus no. 69 (Herzog-
August Bibliothek, Wolfenbiittel) and the Codex Harleianus no.
3915 (British museum). Various translations exist in French,
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German and English (R. Hendrie, 1847).

See R. P. Johnson, “The Manuscripts of the Schedula of Theophilus
Presbyter,” Speculum; 4 (1938).

THEOPHRASTUS (371/370-288/287 B.C.), Greek Peri-
patetic philosopher, was: born at Eresus on the island of Lesbos
and went to Athens to study under Aristotle. The latter designated
him as head of his school, the Peripatos, when he himself retired
to Chalcis (322/21). It was under Theophrastus that the Peri-
patetic: school ‘was frequented by the highest number of. puplls
and. auditors.

Apart from Eudemos . of Rhodes Theophrastus was the only
Peripatetic who embraced Aristotle’s philosophy to its full:extent—
metaphysics, physics, physiology; zeology, botany, ethics, politics,
the history of culture; etc. His general tendency was to strengthen
the systematic unity of those subjects and to reduce:the transcen-
dental or Platonic elements of the whole doctrine. :

Little has been preserved of Theophrastus’ works.” The principal
remains are nine books On the History of Plants and six On the
Causes of Plants.  Smaller treatises extant under his name . deal
with fire, winds, signs ‘of weather, scents; sensations and other sub-
jects; but thelr authenticity is in part contestable. The famous
Characters consists of brief and vigorous delineations of moral
types developed from studies that Aristotle had made for ethical
and rhetorical purposes: this is the work on which La Bruyére’s
masterpiece was based. In his Ethics, known from the assaults of
the Stoics, Theophrastus distinguished, as Aristotle had done, a
plurality of virtues with their relative vices and acknowledged a
certain importance to external goods.

Theophrastus’ Doctrines of the Natural Scientists, as recon-
structed by H. Diels in Doxographi Graeci (1879; reprinted 1929)
provides the foundation of all history of ancient philosophy.

The works of ‘Theophrastus were. edited by F. Wimmer (1854
62); the Characteres, were edited by H. Diels (1909). There is
an English translation of the Characters by Sir R. Jebb, with
introduction and notes (1870; new ed. by J. E. Sandys, 1909).
For the extant fragments of the Metaphysica of Theophrastus see
the edition by W. D. Ross and F. H. Fobes (1929). See also ref-
erences under ““Theophrastus” in the Index volume. (F. Wr.)

THEOPHYLACT (d. ¢. 1110), biblical commentator, was
born most probably at Euripus, in Euboea, about the middle of
the 11th century. He became a deacon at Constantinople, attained
a high reputation as a scholar, and became the tutor of Constantine
Porphyrogenitus, son of the emperor Michael VII, for whom he
wrote The Education of Princes. About 1078 he went into Bul-
garia as archbishop of Achrida. In his letters he complains much
of the rude manners of the Bulgarians, and he sought to be re-
lieved of his office, but apparently without success.

Theophylact’s death took place after 1107.

His commentaries on the Gospels, Acts, the Pauline epistles and
the Minor Prophets are founded on those of Chrysostom, but de-
serve the considerable place they hold in exegetical literature for
their appositeness, sobriety, accuracy and judiciousness. " His other
works included 130 letters and various homlhes oratlons and other
minor pieces.

THEOPHYLLINE: see PURINES.

THEOPOMPUS or Cuios (b. ¢. 380 B. c) ‘Greek historian
and rhetorician, whose Philippica, though lost in original, has sur-
vived through the work of later writers to .form one element in
the tradition concerning the reign of Philip IT of Macedonia. He
was born at Chios and in early youth seems to have spent some
time at Athens, along with his father, :‘who had been exiled be-
cause of his sympathies with Sparta! There he became a pupil of
Isocrates, and rapidly made great progress in rhetoric. According
to Cicero, Isocrates used to say that Ephorus required the spur but
Theopompus the bridle: he once won a prize for oratory in a
contest in which Isocrates himself was taking part. It is said to
have been the advice.of his teacher that finally determined his
career as a historian—a career for which he was peculiarly qualified
by his inherited wealth and his wide knowledge of men and places.

~Through the influence of Alexander the Great, he was restored
to' Chios about 333,'and figures for some time as one of the leaders
of the aristocratic party in his native town. After Alexander’s
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death he was again expelled and took refuge with Ptolemy in
Egypt, where he appears to have met with a somewhat cold re-
ception. The date of his death is unknown.

The works of Theopompus were chiefly historical. They in-
cluded an epitome of Herodotus’ History (the genuineness of
which is doubted), the Hellenica, the Philippica (history of Philip
of Macedon) and several panegyrics and hortatory addresses, the
chief of which was the letter to Alexander. The Hellenica treated
of the history of Greece, in 12 books, from 411 (where Thucydides
breaks off) to 394—the date of the battle of Cnidus. Of this
work only a few fragments survive: the attribution to it of the
important historical fragment known as Hellenica Oxyrhynchia or
“the Oxyrhynchus historian” (first published by B. P. Grenfell and
A. S. Hunt, The Oxyrkynchus Papyri, vol. v, no. 842, 1908) did
not win acceptance. A far more elaborate work was the Philippica
in 58 books. ‘In this Theopompus narrated the history of Philip’s
reign (359-336). His narrative included not only moral and
political discussions but also digressions on the names and customs
of the various races and countries of which he had occasion to
speak, which were so numerous that Philip V of Macedon reduced
the bulk of the histery from 58 to 16 books by cutting out those
parts which had no connection with Macedonia. It was from this
history that Pompeius Trogus (of whose Historiae Philippicae
the epitome by Justin is extant) derived much of his material.

In spite. of some extravagance both of style and judgment,
examples of which can be seen in the extant fragments, it seems
likely that Theopompus was the most interesting and c0n51derable
of all the Greek historians who are “lost.”

BisLiogrAPHY.—Fragments in F. Jacoby, Die Fragmente« der
griechischen Historiker, vol. ii, B and D, no. 115 (1929--30) and vol. ii,
A, no. 66, for the text of Hellenica Oxyrhynchia. On the attribution
of the “Oxyrhynchus historian,” see, besides Grenfell and Hunt cited in
text, E. Meyer, Theopomps Hellenika (1909); F. Jacoby in Nach-
richten der Gesellschaft der Wissenschaft Gdattingen (1924); H. Bloch
in Harvard Studies in Classical Philology, suppl. vol. i (1940). See also
A. Momigliano, in Rivista di filologia (1931 and 1935) K. von Fritz,
in Antike und Abendland (1954) ; H. D. Westlake, in Historia (1954) ;
R. Laqueur in-Pauly-Wissowa- Kroll Real-Encyclopdadie der classischen
Altertumswissenschaft, vol. v, 2nd series, col. 2176 ff. (1934).

. (G. T. Gn)

THEORBO, the large double-necked bass-lute much used dur-
ing the 16th-and 17th centuries as general bass in the orchestra.
The body of the theorbo was. constructed on the same principles
as that of the lute. The theorbo was made in two sizes, the ordi-
nary instrument measuring about three ‘feet, six inches, and the
Paduan, also known as archlute, about five feet.

The chitarrone, or Roman theorbo, was the largest of all, a
contrabass lute in fact, and frequently stood more than 6 ft. high.
See LUTE.

THEORELL, AXEL HUGO TEODOR (1903- ),
Swedish blochemlst and Nobel prize winner, noted for his research
on enzymes, was born at Linkoping, Swed., on July 6, 1903. After
taking his M.D. degree at Stockholm in 1930, he began general
practice but an attack of poliomyelitis left him crippled and he
decided to devote himself to research. He worked at Uppsala uni-
versity, 1932-36, and also studied in Germany whlle holding a
Rockefeller fellowship.

In 1934 Theorell produced for the first time in pure form the
yellow enzyme which influences combustion in living cells. He
later divided the enzyme into two parts, the coenzyme, which acts
asa catalyst, and the apoenzyme, which is pure protein, and worked
out the chemical chain reaction by which enzymes enable living
cells to burn oxygen; thatis, to breathe. He also was the first to
produce pure myoglobin, the red colouring substance of muscle.
He devised a method of blood examination which came to be
widely used in’ Sweden as a test for drunkenness and also discov-
ered an antibiotic called proaptin. These discoveries, however,
were overshadowed by his work on enzyme chemistry, and he was
awarded the 1955 Nobel prize for medicine for his discoveries
concerning the nature and mode of action of oxidation enzymes.

Theorell was appointed director of the biochemical department
of the Nobel institute at Stockholm in 1937 and became a member
of the Swedish Society for Medical Research and the Swedish
Academy of Science in 1942, (W. J. Bp.)



THEOREM — THEOSOPHY

THEOREM, a term used in mathematics to represent a propo-
sition (g.v.) whichis to be demonstrated. |n geometry, a proposi-
tion is commonly considered as a problem (a construction to be
effected) or a theorem (a statement to be proved). For example,
the statement: " If two lines intersect, each pair of vertical angles
are equal” isatheorem. The so-called "fundamental theorem™ of
algebra asserts that every rational integral equation has at least
oneroot. The Greeks also recognized a proposition lying between
a theorem and a problem, the porism (g.v.).

See BiNoMIAL THEOREM, FERMAT'S LAST THEOREM : REMAIN-
pER THEOREM. For related terms see also Axiom, HYPOTHESIS;
PosTULATE.

THEORY has various meanings in ordinary speech and in
science. |t may be contrasted with practice as unverified specula-
tion. 1t may be used so as to signify any hypothesis, whether
confirmed or not. It may be restricted to hypotheses which have
been so strongly confirmed as to become part of the accepted doc-
trine of a particular science. In its best use, it signifies a sys-
tematic account of some field of study, derived from a set of
general propositions.

These propositions may be taken as postul ates, as in pure mathe-
matics (theory of functions, etc.), or they may be principles more
or less strongly confirmed by experience, as in natural science
(theory of heat, electromagnetic theory). There may be rival
theoriesin a particular field (e.g., in psychology) differing in their
selection of principles, or in the emphasis laid on particular prin-
ciples. 4sascience develops the part played by deductive theory
in it tends to become more and more important. (See Hyv-
POTHESIS.) (L. J R)

THEOSOPHY, a term used to denote those forms of philo-
sophic and religious thought which claim a specia insight into
the Divine nature and its constitutive moments or processes (from
Gr. theos, "god," and sophia, "wisdom™). Sometimes this insight
is claimed as the result of the operation of some higher faculty or
some supernatural revelation to the individual; in other instances
the theosophical theory is not based upon any specia illumination,
but is simply put forward as the deepest speculative wisdom of
its author.

In any case it is characteristic of theosophy that it starts with
an explication of the Divine essence, and endeavours to deduce
the phenomenal universe from the play o forces within the Divine
nature itself.

General Theory.— Theosophy is thus differentiated at once
from all philosophic systems which attempt to rise from an
analysis of phenomena to a knowledge, more or less adequate,
o the existence and nature d God. In all such systems, God
is the terminus ad quem, a direct knowledge of whom is not
claimed, but whoiis, as it were, the hypothesis adopted, with vary-
ing degrees of certainty in different thinkers, for the explanation
o the facts before them. The theosophist, on the other hand,
is most at his ease when moving within the circle o the Divine
essence, into which he seems to claim absolute insight. This,
however, would be insufficient to distinguish theosophy from those
systems of philosophy which are sometimes called "speculative'
and "absolute,” and which aso in many cases proceed deductively
from the idea of God. In a wide sense the system o Hegel or
the system of Spinoza may be cited as examples of what ismeant.
Both thinkers claim to exhibit the universe as the evolution of
the Divine nature; so much is involved, indeed, in the construc-
tion of an absolute system But in such systems the known uni-
verse—the world of experience—isnowhere transcended; God is
really no more than the principle of unity immanent in the whole.
Hence, while the accusation of pantheism is frequently brought
against these thinkers, the term theosophical is never used in their
regard. A theosophical system may also be pantheistic, in tendency
if not inintention; but the transcendent character o its Godhead
definitely distinguishes it from the speculative philosophies which
might otherwise seem to fall under the same definition. An
historical survey shows, indeed, that theosophy generaly arises
in connection with religious needs, and is the expression d re-
ligious convictions or aspirations.

Accepting the testimony o religion that the present world lies
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in wickedness and imperfection, theosophy faces the problem of
speculatively accounting for this state of things from the nature
of the Godhead itself. |tisthusin some sort a mystical philosophy
of the existence of evil; or at least it assumes this form in some
of its most typical representatives. The term Mysticism (g.v.)
has properly a practical rather than a speculative reference; hut
it is currently applied so as to include the systems of thought on
which practical mysticism was based. Thus. to take only one
prominent example, the profound speculations of Meister Eckhart
(see EcrRHART) are always treated under the head of Mysticism,
but they might with equal right appear under the rubric Theoso-
phy. In other words. while an emotional and practical mysticism
may exist without attempting philosophically to explain itself,
speculative mysticism isin current usage almost another name for
theosophy.

In the above acceptation of the term, the neoplatonic doctrine
of emanations from the supra-essential One, the fanciful emana-
tion-doctrine of some of the gnostics (the aeons of the Valen-
tinian system, for example), and the elaborate esoteric system
o the Kabbalah, to which the two former in all probability
largely contributed, are generally included under the head of
theosophy. In the two latter instances there may be noted the
allegorical interpretation of traditional doctrines and sacred
writings which is a common characteristic of theosophical writers.
Still more typical examples of theosophy are furnished by the
mystical system of Meister Eckhart and the doctrine of Jakob
Boehme (see BorME. Jaxos), who is known as " the theosophist™
par excellence. Eckhart's doctrine asserts behind God a predicate-
less Godhead. which, though unknowable not only to man hut also
to itself. is. as it were, the essence or potentiality of all things.
From it proceed. and in it exist, the three persons o the Trinity,
conceived as stadia of an external self-revealing process. The
eternal generation of the Son isfor Eckhart equivalent to the eter-
na creation of the world. But the sensuous and phenomenal, as
such, so far as they seem to imply independence of God, are
mere privation and nothingness; things exist only through the
presence of God in them, and the goal of creation, like its outset,
is the repose of the Godhead. The soul of man, which as a micro-
cosmos resumes the nature of things, strives by self-abnegation or
self-annihilation to attain this unspeakable reunion (which Eck-
hart cals being "buried” in God). Regarding evil simply as
privation, Eckhart does not make it the pivot of his thought
as was afterward done by Boehme; but his notion of the God-
head as a dark and formless essence is a favourite thesis of
theosophy.

Boehme was indebted not only to mystical theology but also
to the writings of Paracelsus. This circumstance is not acci-
dental, but points to an affinity in thought. The nature-philoso-
phers of the Renaissance, such as Nicolaus Cusanus, Paracelsus,
Cardan and others, curiously blend scientific ideas with specula-
tive notions derived from scholastic theology, from neoplatonism
and even from the Kabbalah. Hence it is customary to speak of
their theories as a mixture of theosophy and physics, or theos-
ophy and chemistry, as the case may be. Boehme offers us a
natural philosophy of the same sort. As modern theosophy has
nourished itself almost in every case upon the study of his works,
his dominating conceptions supply us with the best illustration
of the genera trend of this mode of thought. His speculation
turns, as has been said, upon the necessity of reconciling the
existence and the might o evil with the existence of an all-
embracing and all-powerful God, without falling into Mani-
chaeism on the one hand, or, on the other, into a naturalistic
pantheism that denies the reality of the distinction between good
and evil. He faces the difficulty boldly, and the eternal conflict
between the two may be said to furnish him with the ground-
principle of his philosophy. It isin this connection that he insists
on the necessity of the Nay to the Yea, of the negative to the pos-
itive. Eckhart's Godhead appears in Boehme as the abyss, the
eternal nothing, the essenceless quiet (Ungrund and Stille ohne
Wesen are two of Boehme's phrases). But, if this were all, the
Divine Being would remain an abyss dark even to itself. In God,
however, as the condition of His manifestation, lies, according to
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Boehme, the "eternal nature” or the mysterium magnum, which
is as anger to love, as darkness to light, and. in general, as the
negative to the positive. This principle (which Boehme often
calls the evil in God) illuminates both sides of the antithesis,
and thus contains the possibility of their real existence. By the
“Qual” or torture, as it were, of this diremption, the universe
has qualitative existence, and is knowable. Even the three per-
sons of the Trinity, though existing idealiter beforehand, attain
reality only through this principle of nature in God, which is
hence spoken of as their matrix. It forms also the matter, as it
were, out of which the world is created; without the dark and
fiery principle, we are told, there would be no creature. Hence
God is sometimes spoken of as the father, and the eternal nature
as the mother, of things. Creation (which is conceived as an
eternal process) begins with the creation of the angels. The
subsequent fall of Lucifer is explained as his surrender of himself
to the principle of nature, instead of dwelling in the heart of God.
H e sought to make anger predominate over love; and he had his
will, becoming prince of hell, the kingdom of God's anger, which
still remains, however, an integral part of the Divine universe.

Schelling's Philosophical /nguiries Into the Nature of Human
Freedom (1809) is almost entirely a reproduction of Boehme's
ideas, and forms, along with Baader's writings, the best modern
example of theosophical speculation. In his philosophy of identity
Schelling (g.v.) had already defined the Absolute as pure indiffer-
ence, or theidentity of subject and object, but without advancing
further into theogony. He now proceeded to distinguish three
moments in God, the first of which is the pure indifference which,
in a sense, precedes al existence—the primal basis or abyss, as he
calls it, in agreement with Boehme. But, as there is nothing
before or besides God, God must have the ground or cause of
His existence in Himself. This is the second moment, called
nature in God, distinguishable from God, but inseparable from
Him. It is that in God which is not God Himself, it is the
yearning of the eternal One to give birth to itself. This yearning
is a dumb unintelligent longing, which moves like a heaving sea
in obedience to some dark and indefinite law, and is powerless to
fashion anything in permanence. But in correspondence to the
first stirring of the Divine existence there awakes in God Himself
an inner reflective perception, by means of which—since no object
is possible for it but God—God beholds Himself in His own
image. In this, God is for the first time as it were realized,
although as yet only within Himself. This perception combines,
as understanding, with the primal yearning, which becomes thereby
free creative will, and works formatively in the originally lawless
nature or ground. In thiswiseis created the world as we know it.
In every natural existence there are, therefore, two principles to
be distinguished: first, the dark principle, through which the
being in question is separated from God, and exists, as it were,
in the mere ground; and, second, the Divine principle of under-
standing. The first is the particular will of the creature, the
second is the universal will. Inirrational creatures the particular
will or greed of the individual is controlled by external forces,
and thus used as an instrument of the universal. But in man the
two principles are consciously present together, not, however, in
inseparable union, as they are in God, but with the possibility
of separation. This possibility of separation is the possibility of
good and evil. In Boehme's spirit, Schelling defended his idea of
God as the only way of vindicating for God the consciousness
which naturalism denies, and which ordinary theism emptily
asserts. Among thinkers on the same lines, but more or less inde-
pendent, Molitor is perhaps the most important. Swedenborg
(g.v.) is usualy reckoned among the theosophists.

THE THEOSOPHICAL SOCIETY

The term theosophy in later years obtained a wide currency
in certain circles as denominating the beliefs and teachings of
the Theosophical society. This society was founded in the United
States in 1875 by Madame H. P. Blavatsky (g.v.), in connection
with Col. H. S. Olcott and others. Colonel Olcott remained
president of the origina society till his death in 1907, when he
was succeeded by Mrs. Annie Besant. But soon after the death
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of Madame Blavatsky (18g1) a split took place which led to the
formation of a separate organization in America under the leader-
ship of William P. Judge.

The main objects of this society, as originally propounded,
were:

1. To establish a nucleus of the universal brotherhood of hu-
manity.

2. To promote the study of comparative religion and philoso-

hy.
P g To make a systematic investigation into the mystic poten-
cies of life and matter, or what is usually termed occultism.

Mahatmas. — According to Madame Blavatsky's original state-
ments, this wisdom has been transmitted through the ages as a
secret doctrine or esoteric teaching by a brotherhood of adepts or
mahatmas scattered through the world but in close relation with
one another. With a certain group of these in Tibet she claimed
to be in communication. In such adepts the spiritual nature is
supposed to have been so developed that the body has become the
ductile instrument of the intelligence and they have thus gained
a control over natural forces which enables them to bring about
results that appear to be miraculous.

Religious Aspect.— The most characteristic feature of this
modern "theosophical” teaching is the belief in reincarnation,
and here again the close connection with Indian thought is ob-
servable. The succession of earthly lives through which the spirit
advances to its goal is interpreted in strict accordance with the
Brahmanic and Buddhistic doctrine of karma. First introduced
in the Upanishads as the great secret which solves the problem of
human destiny, karma is in a sense the logical origin of al Indian
thought. |t expresses the inexorable law of moral causation—
whatsoever a man saweth that shall he also regp—and this law is
represented as fulfilling itself in the life history of each individual
agent. The consequences of a man's actions in his present life are
reaped by the agent on earth in a fresh incarnation. Hence the
saying, "A man is born into the world he has made.” The theory
of karma is thus primarily an explanation of a man's lot in the
present life as determined by his own actions in a series of pre-
vious lives. If it is true that whatsoever a man soweth that shall
he aso reap, it must be equally true that whatsoever a man reaps
that he must also have sown.

The doctrineis thus in its essence a vindication of cosmic justice
in face of the perplexities caused by the apparent disregard of
moral considerations in the distribution of happiness and misery
in the present life. and it is in this sense that it is accepted and
applied, by theosophists. (A. S. P.-P.)

THEOT, CATHERINE (d. 1794), French visionary, was
born at Barenton, Manche. She was from her youth a victim of
hallucinations, and after a long course of religious asceticism in
the convent of the hliramiones in Paris she was placed under re-
straint. After she was liberated in 1782, her early delusions con-
cerning a Messiah became accentuated; she was assured that she
was destined to be the mother of the new Messiah, and pictured to
her followers the fantastic features of the coming paradise on
earth.

From the idea of the advent of a Messiah to its realization was
but a step, and in Robespierre the Théotists saw the redeemer
o mankind. The enemies of Robespierre, resenting his theocratic
aims, seized upon his relations with the Théotists. Catherine,
with others, was arrested and imprisoned, and a letter to Robes-
pierre was discovered in her house.

In the Convention M. G. A. Vadier trumped up the conspiracy
of Théot, asserting that Catherine was a tool of Pitt, that the
mummeries of the Théotists were but a cloak for clerical and reac-
tionary intrigue, and hinting that Robespierre favoured their de-
signs. The case was adjourned to the revolutionary tribunal, and
figured in the proceedings of the gth Thermidor. The accused
were ultimately acquitted, but Catherine herself died in prison on
Sept. 1, 1794.

THEOTOCOPULI, DOMENICO: see Greco, EL.

THERA, the southernmost island of the Sporades. After the
fourth crusade, when it became part of the duchy of the Archi-
pelago, and until recent times, it was known as Santorin (g.v.).
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THERALITE, in petrology, a group of plutonic rocks built
up of basic plagioclase (labradorite), nepheline and a titaniferous
augite. The name is derived from the Greek theran, ""to pursue,”
since it was believed that its discovery would complete the series
o basic rocks containing nepheline as an essential constituent
They are classified in the nephelite-tephrite group in this series
(see NEPHELINITE.)

Olivine, an alkali-amphibole, biotite and orthoclase may be
present as subordinate constituents. With the exception of nephe-
line and orthoclase, the minerals of theralites are usually in well-
shaped crystals. Nepheline itself may be largely represented by
secondary zeolites.

Theralites are of comparatively rare occurrence. They are
found in Bohemia in association with shonkinite, in Odenwald
(Mt. Katzenbuckel) Ger.. together with pulaskite and foyaite in
the Serra de Monchique, Port., in the Kola peninsula, U.S S.R.
and among the Carboniferous intrusions of Ayrshire. Scot.

Closely related to the theralites are the teschenites (from
Teschen, Czech.). In place of nepheline these rocks contain pri-
mary analcime, but types containing both nepheline and analcime
are known. In central Scotland, around Edinburgh and Glasgow,
teschenites are abundant, forming thick sills intrusive into the
Carboniferous rocks. Teschenites are sometimes ophitic, i.e., with
augite enclosing crystals of plagioclase, and show transitions to
olivine-dolerite on the one hand and to picrite on the other.

The rock known as lugarite (from Lugar, Ayrshire) is a related
type containing small amounts of plagioclase but abundant anal-
cime; nepheline is present in subordinate amounts.

Other rocks related to the theralites are the essexites and shon-
kinites. The former are characterized by dominant plagioclase,
subordinate orthoclase, and green augite, hornblende, biotite and
olivine. Nepheline also occurs commonly. By an increase in the
proportion of nepheline the essexites passinto theralites. Essexites
occur, together with nepheline-syenite, in Essex county, Mass,, at
Mt. Royal near Montreal, in southern Norway (Oslo district), at
Rongstock, Czech., and among the Carboniferous teschenites of
Scotland near Edinburgh and in the Campsie fells (hills), Stirling-
shire. The shonkinites are dark-coloured, igneous rocks of much
rarer occurrence. Augite and orthoclase are the prime constituents,
but plagioclase, barkevikite, olivine, biotite and variable amounts
of nepheline are present.

At Shonkin sag, in the Highwood mountains of Montana, shon-
kinite forms the greater part of a stratified laccolith passing at the
border into a peculiar basic rock described as a leucite-basalt
porphyry.

Shonkinites are also found in Ontario, British Columbia and
Indonesia (Celebes. Timor). (C.E. T.; X)

THERAMENES (d. 403 B.c.), Athenian statesman, was the
adopted son of Hagnon, a prominent conservative who in 430
impeached Pericles, and after the Sicilian expedition became one
of the ten probuli (mp6BovNor, cOmmissioners) appointed to devise
economies in the administration. As a pupil of the sophist Prodi-
cus he acquired facility in public speaking. Under his father's
patronage he joined in the conservative reaction which came to a
head in 411, when hopes of a Persian alliance or peace with Sparta
strengthened the existing dissatisfaction with the democratic rule.
Theramenes specially studied the constitutional side o this move-
ment and formulated a new party cry, "the constitution o our
fathers."

It was no doubt largely due to his advocacy that the probuiz,
strengthened by additional members, were commissioned to draft
new measures on behaf of the public safety and to examine the
"ancestral code" of the noted Athenian statesman Cleisthenes.
In their report the following measures were recommended: annul-
ment of the act against promulgating illegal measures; abolition
of pay, excepting the troops in the field and the archons (chief
magistrates of Athens) ; restriction of the franchise to 5,000 able
to serve "with person and purse”; and the appointment of a spe-
ciad board to choose the specified 5,000. When these proposals
were passed (apparently in a packed assembly outside the walls),
aconstituent assembly of 100 was elected — nominally by the 5,000,
who as yet were a mere phantom body, but in point of fact by the
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leading conspirators.

The new constitution provided for a boule whose members were
to be recruited by lot from all citizens over 30; the functions
of this body were to be exercised by four sections succeeding one
another by yearly rotation and serving without pay; and all high
officials were to be chosen by the boule out of its own members.
This scheme embodied the chief reforms desired by Theramenes,
and marked the triumph of his policy. Beforeit could be carried
into effect, however, it was superseded by a " provisional constitu-
tion," which gave unlimited power to a boule of 400 (chosen by
a roundabout system which favoured intrigue) and its nominees,
the ten "absolute" generals. This extreme reaction displeased
Theramenes, who in retaliation began to agitate for the calling
of the 5,000 into rea existence. Furthermore, he warned Athens
against the treason of the extreme oligarchs, and induced the troops
to raze a mole erected to facilitate a Spartan descent on Peiraeeus.

After the disaster of Eretrea, which caused the fall of the ex-
tremists and the institution of a government o “s,000” (i.e., al
citizens who could afford a suit of armour), Theramenes stood
in high esteem (see PELoPONNESIAN WAR). After assisting in the
prosecution of his former colleagues, he received the command
of a sgquadron with which he helped to win the great victory at
Cyzicus (410) and to recover the Bosporus.

After the triumph of the radical democrats which followed upon
these successes he lost his high command. At Arginusae (406),
he fought as a simple ship's captain. Following the battle, how-
ever, he was favoured by the generals with a commission to rescue
some drowning crews—an order which proved impossible to exe-
cute with his ill-trained and exhausted troops in a heavy storm.
The generals were severely criticized at Athens for this failure
and an inquiry by the boule led to their arrest. While before the
ecclesia they weakened their case by pleading the conflicting points
that, on the one hand, the storm had made a rescue impossible and
that, on the other hand, Theramenes was to blame. Theramenes
in reply brought out the implied contradiction in these statements.
and he was subsequently reinstated as general while the assembly
condemned the accused generals to death.

Late in 40j Theramenes went as plenipotentiary to Lysander
(g.v.) to obtain peace terms; after long negotiations he proceeded
to Sparta and arranged a settlement which the Athenians ratified
in April 404. In spite of this peace the disorder in Athens did
not abate. The restored fugitives selected five ephors (title of
the highest magistrates of Sparta), including Critias, to organize
a revolution, while the radicals opposed that return to the "an-
cestral constitution™ for which Theramenes had stipulated. At this
point Lysander returned to Athens and had a constituent commit-
tee elected, of whom ten members were nominees of each section.
In this body Theramenes at first assumed the chief role, and the
new measures rescinding the laws against the Areopagus (the su-
preme tribunal of Athens) and suppressing sycophancy were well
received. However, exactly asin 411, a more violent party under
Critias, ignoring its real duties, appointed an autocratic boule of
its own supporters, and proceeded by judicial murders and confis-
cations to earn for the new government the name of "the Thirty
Tyrants."

Theramenes protested, and managed to have a citizen-body of
3,000 admitted to a share of the government. Critias, however,
fearing a renewal o the collapse of 411, disarmed the people and
decided to remove Theramenes before he could create a new
democratic party. The latter successfully repelled Critias' de-
nunciation of treason, but was later led away by violence and
forced to take poison. His well-known gibe, "Here's to the noble
Critias," evidenced his strength of mind at the hour of death.

Theramenes demonstrably had a definite policy throughout his
career. Hisideal wasa return to a 6th-century constitution, which
his contemporaries could equally regard as a moderate oligarchy or
a restricted democracy. The main features of his plan included
property qualifications for franchise, abolition of pay and trans-
ference of some judicia powers from the popular courts to a re-
stored Areopagus.

At times he seemed likely to succeed, but amid the violent oscil-
lations of parties he could not definitely join with any one faction,
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and so earned the nickname Kéfopvos (a stage-boot fitting either
foot). Aristotle, however, discerned Theramenes' real policy and,
like Cicero and Caesar, in later years ranked him among the great-
est Athenian statesmen.

BiBLioGraPEY —Plutarch, Cicero, chap. 59; Cicero, de Oratore, iii,
16, 59; U von Wilamowitz-Mollendortf, Aristoteles und Atken, vol.
i, p. 113 sqq. §Bgrlin, Leipzig, 1893) ; E. Meger, Forschungen zur alten
Geschichte, vol. ii, pp. 406 sqq. (Halle, 1899); B. Perrin In American
Historical Review, vol. ix, pp. 649-69 (1g04).

THERAPEUTAE, an ancient sect of ascetics believed to
have lived in the vicinity of Alexandria and near Lake Mareotis.
They are mentioned in De Vita Contemplativa, attributed to the
Jewish philosopher Philo (g.v.), which is the sole original account
of the community, and they are characterized as being unusually
severe in their discipline and mode of life.

According to DeVita Contemplativa, on joining the order aman
died to the world, and so voluntarily resigned his property to his
heirs. How the order itself was supported is not reported. So far
as the reader is informed, prayer and study were the sole occupa-
tions of the Therapeutae. The community at Alexandria lived in
mean and scattered houses, near enough to afford protection, with-
out depriving the members of the solitude which they so valued.
Each of these houses contained a chamber which was devoted to
prayer and study, and into which the inmate brought nothing but
the Law and the Prophets, together with the Psalms and other
works which tended to the promotion of piety. At sunrise the
Therapeutae prayed and again at sunset. The whole interval was
devoted to a study of the internal sense of the Scriptures.

In addition to the Old Testament, the Therapeutae had books by
the founders of their sect on the allegorical method of interpreting
Scripture. They also contributed to sacred literature themselvesin
the composition of new psalms. Attendance to the ordinary needs
of nature was entirely relegated to the hours of darkness. Some
of these recluses ate only every second day, while others succeeded
in confining the necessity for food to a single weekday. But the
Sabbath was a feast on which, after attending to their souls, they
indulged their bodies. But their indulgence even then did not ex-
ceed coarse bread, flavoured with salt and sometimes hyssop, and
a drink of spring water. Thus during the six days of the week
the Therapeutae " philosophized,” each in his own cell, but on the
Sabbath they met in a common assembly, where women also had
places screened df from the men. and listened to a discourse from
one who was the eldest and most skilled in their doctrines.

The sober celebrations of the Therapeutae on the eve of the feast
of Pentecost are described. They assembled together with glad
faces and in white garments, and the proceedings were begun with
prayers; they stood with eyes lifted and hands stretched to
heaven. After taking seats according to the order of their admis-
sion, all listened devoutly to a discourse by the president, followed
by the singing of ancient and modern hymns. Then came a meal
of thesimpletype already described. And after thisa pervigilium,
celebrated with antiphonal and joint singing by the men and women
and with choral dancing in imitation of Moses and Miriam at the
Red sea. At sunrise. turning to the east, they prayed that thelight
of truth might illumine their minds, and then returned to their
studies. Such is the account of the Therapeutae given in DeVita
Contemplativa.

As the result of DeVita Contemplativa being the only authority
regarding the life and existence of the Therapeutae, a number of
controversial questions concerning the sect arose. Some authori-
ties regard the Therapeutae as a Christian order because d the
similarity between their asceticism and that of Christian monas-
ticism, but the consensus among modern scholars is that they were
a radical offshoot of pre-Christian Judaism. The supposition that
the Therapeutae were a branch o the Essenes was contested by
A. von Harnack. While these two ascetic sects resembled each
other in many instances and especialy in discipline, the Therapeu-
tae regulations were more severe.

To the modern reader the importance of the Therapeutae, as of
the Essenes, lies in the evidence they afford of the existence of the
monastic system long before the Christian era. No clue is given
to the origin of the Therapeutae, but it is plain that they were
already ancient when described in De Vita Contemplativa. Euse-
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bius was so much struck by the likeness of the Therapeutae to the
Christian monks of his own day as to claim that they were Chris-
tians converted by the preaching of St. Mark. He goesso far as to
say that "the writings of ancient men. who were the founders of
the sect" referred to by De Vite Contemplativa, may very well
have been the Gospels and Epistles (which were not yet written).
Eusebius having gone wrong on this point, others of the Fathers
followed suit, so that Philo was reckoned by Jerome among the
ecclesiastical writers of the Christians.

Itislikely that Christianity gained adherents among the Thera-~
peutae, and that their institutions were adapted to the new religion,
just as they seem to have been borrowed by the Jews from the
Egyptians.

THERAPEUTICSisthescienceand art of healing. Theterm
also includes the use of drugs and other measures to prevent dis-
ease. Thus therapeutics is related to both therapy and treatment.

Types.— The scope of therapeutics is evident when the types of
therapy are considered. Included are biologic therapy, which in-
volves the use of biologic products such as serums. vaccines and
antitoxins; chemotherapy, the use of specific pure chemicals to
attack specific diseases; cold therapy, the use of cold objects such
as ice; collapse therapy, the collapsing of an organ such as of the
lung to combat tuberculosis; diathermic therapy, the use of dia-
thermy equipment; electroshock therapy, the treatment of a pa-
tient with mental disease by passing an electrical current through
the brain; endocrine or glandular therapy, the use of hormones or
endocrines or secretions from glands (these may be extracted from
glands or made synthetically); fever therapy, the treatment of
disease by inducing a high fever in the body; heat therapy; insulin
shock therapy; oxygen therapy; and radium and X-ray therapy.
There are other forms of therapy but their names are usually self-
explanatory and they are more or less specific in their approach,
for example, gold therapy, vaccine therapy, musical therapy and
physical therapy.

Practically any drug or treatment measure can be introduced and
a name applied to it to describe it. Or, from another approach,
practically any part of the body can be treated and the procedure
caled a form of therapeutics, e.g., dental therapeutics or alimen-
tary therapeutics (pertaining to the digestive tract, the stomach
and intestines or bowel). Also, therapeutics may be specific or
nonspecific, and it may be rational and irrational (the latter form
usualy employed by quacks).

Development. — At theturn of the 20th century there were only
a few drugs and other measures of outstanding importance, and
some of these were improperly understood. Most doctors knew
the value of sun, fresh air, fresh fruit and some pain-relieving sub-
stances. but little was known of the precise way in which they
served man. Furthermore, while surgery was a useful part of
medical practice it was formerly fraught with danger because of
the lack of satisfactory antiseptic measures. satisfactory anaes-
thetics and specific aids to combat shock, loss of blood and infec-
tions. It is probably safe to say that modern therapeutics really
followed World War | although the foundation for its develop-
ment was laid in earlier years by the work of such men as Paul
Ehrlich, Robert Koch and others.

The application of measures to prevent disease and to cure those
suffering from it goes back to the early history of man when some-
one tried to apply leaves, mud and splints and invoked blessings
from the gods. Primitive man feared the unknown and attributed
sickness to the displeasure of his gods or to some other factor. As
he learned by trial and error the value of a few simple remedies he
began the practice of medicine, although this in time fell into the
hands of tribal medicine men, many of whom mere crafty and
also influentiadl because of their self-claimed mystic powers.
Since many o early man's actions were based on superstitious be-
liefs, strange and fascinating influences were attributed to rocks,
trees. clouds, rivers and other objects which man could see but
could not understand. Then in time he recognized the unusual
properties of animals and bushes and flowers and attributed to
them life-saying value. For example, because the lion is brave,
man believed that eating the heart of this animal would make him
brave; because the fox can run for along time he believed eating
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the lungs of a fox would make him long-winded; and because the
bear is strong he thought this animal could impart to him un-
usual strength.

Such beliefs were largely based on ignorance, on which of course
much superstition is founded. From time to time an element of
truth was discovered in these practices but it took countlessyears
to determine that fact. Man had to pass to civilized ages before
he found much of therapeutic value in plants, animals and miner-
als. In later centuries accidental discoveries, keen observations
and careful study resulted in some useful findings. For example,
the value of quinine for malaria was discovered by an explorer
from the old world observing the actions of Indians; the vaue of
digitalis for heart diseases was learned by a physician in England
investigating a brew made from foxglove by an elderly housewife;
and the usefulness of Epsom salts was demonstrated when a farmer
became curious as to why his cattle would not drink from acertain
well.

Vaue.— Following basic chemical and physical findings in the
19th century modern chemotherapy and therapeutics were born.
Drugs were purified, specific measures against disease were de-
veloped, diseases were identified and techniques for diagnosis,
treatment and prevention of disease were unearthed. Some of
these discoveries were based on studies seemingly unrelated to med-
icine. Thus, Gerhard Domagk while searching for better dyes for
woollen goods found the precursor to the sulfa drugs, and Sir Alex-
ander Fleming found penicillin by observing the growth of mould
on bacteria-growing media in his bacteriologic laboratory. Regard-
less of the origin of therapeutic measures, however, their useful-
ness changed the welfare of mankind, influenced the winning of
wars and was responsible for the development of huge industries.
They also changed educational patterns, permitted the growth of
primitive and underdeveloped areas, caused nations to work to-
gether more closely than might otherwise be possible and resulted
in the creation of many laws that might not be required otherwise.
They aso brought medical quacks into focus more clearly.

Some idea of the value of modern therapeutics can be obtained
by comparing statistics for given periods of time. During the
Crimean War the French lost eight men from diseases for every
one killed in battle and the Russians lost 20 to one. The common
causes of death were cholera, typhus, dysentery and infections, all
diseases which could later be controlled. |In the Spanish-American
War seven soldiers were lost for every one who died in battle. In
the Civil War in the United States 509 of the wounded died,
whereas in World War | 6% to 1 2% died, and in World War II no
more than 3%. In World War | the annual death for American
soldiers away from America was 12.8 for each 1,000 men abroad,
and in World War II it was 0.5 per 1,000 men. In World War |
20% 10 30% of soldiers who contracted pneumonia died; in World
War IT only 19. In thefirst 40 years of the 20th century 25,000
lives in the United States were saved through better control over
just five diseases, pneumonia, diphtheria, typhoid, meningitis and
smallpox. In 1goo a newborn child had a life expectancy o 49.2
years but in 1940 it was 63.3 years and in 1948, 68 years.

Much of this improvement was due to better hygiene, health
education, improved hospital facilities, better food, sanitary meas-
ures, better surgical techniques, improved transportation facilities
and other factors. The introduction of more and purer drugs, the
development of physical devices (e.g., X-ray machines) and the
creation of foods for special health purposes (e.g., baby foods and
foods for the sick) have also been important factors. The produc-
tion records for a few well-known compounds show that in an aver-
age year in the middle 1g40s in the United States alone there were
produced 730,000 |b. of aspirin, 23,000 Ib. of avitamin, 22.000 Ib.
of phenobarbital and 650,000 Ib. of sulfonamides. Penicillin grew
in production from 400,000,000 units for January through May in
1943, to 200,000,000,000 units in December in 1944 to hillions of
units daily in 1955. A similar story exists for the other antibiotics.

General Problems.— There are some problems common to
many diseases which must be considered when treatment is practi-
cal, particularly if drugs are involved. Thus specific orders must
be given to the patient, his family or his nurse; there may be need
forlimiting or increasing exercise; diet may have to be controlled,;

73

and laboratory procedures may be necessary.

If a prescription is ordered the prescriber considers the age and
weight of the patient, any history of allergy and the way and time
of administration. In addition, there may be need for special
bathing and skin, nose, eye or mouth care consideration. Many
people fail to realize the importance of some of these measures
that are ancillary to drug therapy. Dietsalone may pose problems
since there are liquid diets, soft diets, regular diets and special
diets as peptic ulcer diet, bland diet, nonresidue diet, low residue
diet, high residue diet, high calory diet, diets for patients with dia-
betes and with nephritis, high protein diet, low salt diet and others.
But diets, like vitamins, can be very important in therapeutics.

Standardization df Therapeutic Agents.— In most countries
throughout the world an attempt is made to ensure the marketing
of satisfactory foods and drugs but in only a few countries is this
carried to a degree that provides assurance for user and prescriber.
Many countries use pharmacopoeias, which are books for the
standardization of drugs, as a guide for quality but do not have
laws to enforce them or to prevent the marketing of harmful or
useless substances. There are exceptions, of course (notably Can-
ada, Great Britain, the United States, the Netherlands and the
Scandinavian countries). In the United States drugs, foods and
to some extent devices which are in interstate commerce are sub-
ject to control in several ways: manufacturers, because of keen
competition and the fear of adverse publicity and lawsuits as well
as a growing sense of moral obligation, try to develop effective and
pure drugs and foods. In addition, thereis a Federal Food, Drug
and Cosmetic act which governs quality, labelling and to some ex-
tent promotional claims. Acting as an agent for this and other
actsis the Food and Drug administration, which can seize and ex-
amine products and inspect factories. To govern the sale of
serums and vaccines there is another law and another federal
agency. Some states have their own laws and agencies and one or
two of the larger cities have organizations that function similarly.
The medical profession is, of course, always doing its own examin-
ing through experience and even supports through the American
Medical association several councils who examine drugs, foods and
devices to determine their usefulness.

Drugs and foods may be tested chemically, by assay on animals
and through other measures. The purer chemicals obviously pose
fewer problems as a rule than the impure mixtures, many of which
are of botanical or animal origin. While most drugs can be exam-
ined by chemical tests there are some that defy such an approach,
an outstanding example in the 1g950s being liver extract, used for
treating pernicious anaemia.

Mode of Action.— The method of approach to a disease and
the remedy to be used depends on several factors such as the dis-
ease involved, the depth of illness of the patient, its hazards as a
public health menace and the kind of remedy available. Thus a
drug may be given by mouth, injected into the skin or under the
skin, or into a muscle, vein or even artery, or into other tissues of
the body, or it may be applied to the skin. |t may be available as
a tablet, or powder, or in solution, or in a capsule or ointment.

A drug or other remedy may be given to specifically combat a
disease; it may be given to help the body mobilize its own natural
defense forces, as the sulfa drugs hold in check the growth of bac-
teria while the body overcomes those already present; it may be
used to provide symptomatic relief, such as aspirin for headache;
or it may be used to directly attack disease, such as X-rays for
cancer. The choice of treatment depends on the cause of the dis-
ease, complications and specificity of available therapeutic meas-
ures. |n addition, there is the aways to be remembered adjunct
to treatment, peace of mind. Thisiswhy sympathetic understand-
ing of a health problem sometimes is more effective than the use
of drugs or surgery. Kind words, a change in scenery and associa-
tion with new friends often have effected miraculous improvement.

Prevention of Disease.— The prevention of disease is founded
on good living, adequate sanitation and the use of specific measures
against specific diseases. Some have referred to this as preventive
therapeutics. School clinics, venereal disease clinics, public health
laboratories, vaccination, balanced meals, extra milk for children,
the addition of iodine to salt to prevent goitre, the addition of
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fluorine to water to prevent dental decay and the addition of vita-
min D to milk and vitamin C to other foods are part of current
preventive practices.

Among the diseases that can be prevented by vaccination or sSimi-
lar measures are smallpox, diphtheria, yellow fever, and typhoid
and paratyphoid fever. Even tuberculosis and poliomyelitis may
soon be controlled by vaccination as promising vaccines are now
available.

Other important preventive measures supplementary to actual
therapy are proper disposal of sewage, eradication of disease-
carrying mosquitoes, avoidance of polluted water and isolation of
people sick with infectious diseases. Since animals and birds carry
many diseases to which man is susceptible, they too must be sub-
jected to certain control measures such as testing for tuberculosis
and vaccination against rabies.

Specificity of Drug Action.— One of the encouraging aspects
of modern therapeutics is the specificity of drug action. Formerly
drugs were not particularly specific; in fact, "shotgun therapy"
was often the order of the day. Today, however, one can choose
a drug for many diseases and health problems. Thus, one can
choose the type of anaesthetic agent indicated for an operation;
the type of drug indicated for sleeplessness and pain; the type of
drug best suited to muscle spasm, or high blood pressure, or al-
lergy, or infection. Such a direct approach was made possible by
the development of more precise diagnostic techniques, by a bet-
ter understanding of the functions of the body and by the com-
bined efforts of chemists, physicians and other specialy trained
people who can jointly develop firstin theory and then in practice
the chemicals needed to combat a certain health problem.
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ed (Philadelphia, 194P8%_; Glandular Physiology and Therapx—A
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T. G. Hull, Diseases Transmitted from Animals to Man, 4th ed.
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THERESA, ST. (1515-1582), or Teresa de Cepeda, Spanish
nun, was born at Avila, in Old Castile, on March 28, 1515, and was
educated in an Augustinian convent in the town. As a child she
was interested in the stories of martyrs, and at the age of eighteen
left home one morning, and applied for admission at the Car-
melite convent of the Incarnation. She was disappointed at first
at the slackness of discipline, but she appears afterward to have
accommodated herself with tolerable success to the worldliness
of her environment, though not without intervals of religious
misgivings.

It was in the year 1534, when she was nearly 40, that the
event known as her conversion took place, and the second part
of her life began. The death of her father roused her to serious
reflection, and one day, as she entered the oratory, she was struck
by the image of the wounded Christ, placed there for an ap-
proaching festival. She fell in tears at the feet of the figure, and
felt every worldly emotion die within her. The shock threw her
into a trance, and these trances, accompanied by visions, recurred
frequently in the subsequent part of her life. They have since
been adduced as Divine attestations of her saintship, but the
sisterhood in the convent set them down to possession by a devil;
her new departure was caused in their eyes by no worthier mo-
tive than the desire to be peculiar and to be reputed better than
other people. Theresa herself was very humble, and thought
their explanation might be true; she took her case to her con-
fessor and to the provincial-general of the Jesuits, who put her
under a course of discipline. One day, while thus occupied, her
trance came upon her, and she heard a voice say, "Thou shalt
have no more converse with men, but with angels." After thisthe
trance or fit always returned when she was at prayers, and she
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felt that Christ was close to her. Presently she was able to see
Him, "exactly as He was painted rising from the sepulchre.”” Her
confessor directed her to exorcise the figure, and she obeyed with
pain, but, it is needless to say, in vain. The visions grew more
and more vivid. The cross of her rosary was snatched from her
hand one day, and when returned it was made of jewels more
brilliant than diamonds, visible, however, to her aone. She often
had an acute pain in her side, and fancied that an angel came to
her with a lance tipped with fire, which he struck into her heart.
August 27 is kept sacred in Spain to this mystery, which has also
formed a favourite subject of Spanish painters. She aso had
visions of another description: she was shown hell with its hor-
rors, and the devil would sit upon her breviary, belabour her with
blows, and fill her cell with imps. For several years these experi-
ences continued, and the verdict as to their source still remained
far from unanimous.

Foundation of theDescalzos.—Meanwhile, thespread of the
Reformation became the subject of much searching of hearts to
pious Catholics. Theresa reflected like the rest, and her experi-
ence led her to find the real cause of the catastrophe in the relaxa-
tion of discipline within the religious orders. She formed the
project of founding a house in which all the original rules of the
Carmelite order would be observed. In spite of great opposition
from the authorities of the order, and in particular from the
prioress and sisters of the Incarnation, she persevered with her
scheme, being encouraged to appeal to the pope by certain priests
who saw the benefit which would accrue to the Church from her
zedl.

A private house in Avila was secretly got ready to serve as a
small convent, and, when the bull arrived from Rome, Theresa
went out on leave from the Incarnation and installed four poor
women in the new house dedicated to her patron St. Joseph. It
was on Aug. 24, 1562 that Mass was said in the little chapel and
the new order constituted. It was to be an order of Descalzos or
Barefoots, in opposition to the relaxed parent body, the Calzados.
The sisters were not to be literally shoeless, but to wear sandals
o rope; they were to sleep on straw, to eat no meat, to be
strictly confined to the cloister, and to live on aims without regu-
lar endowment. After lodging her four sisters, Theresa returned
to the Incarnation; but, when the secret was discovered, Car-
melites and townspeople were alike furious. Violence, however,
was prevented, and the matter was referred to the council o
state at Madrid. Philip IT referred it again to the pope, and
after six months a fresh bull arrived from Pius V. The provin-
cid of her order now gave her leave to remove and take charge
o her sisterhood. The number of 13, to which on grounds o
discipline she had limited the foundation, was soon filled up, and
Theresa spent here the five happiest years of her life. Her visions
continued, and, by command of her ecclesiastical superiors, she
wrote her autobiography containing a full account of these ex-
periences though she was far from basing any claim to holiness
upon them.

The general of the order visited her at Avila, and gave her
powers to found other houses of Descalzos, for men as well as
women. Thelast 15 years of her life were spent mainly in hard
journeys with this end and in the continually growing labour
of organization. Convents were founded at Medina, Malaga,
Valladolid, Toledo, Segovia and Salamanca, and two at Alva
under the patronage of the famous duke. Then she had-three
years of rest, as prioress of her old convent of the Incarnation.
She next went to Seville to found a house, thus overstepping for
the first time the boundaries of the Castiles, to which her
authorization limited her. The latent hostility of the old order
was aroused; the general ordered the immediate suppression of
the house at Seville, and procured a bull from Gregory XIII
prohibiting the further extension of the reformed houses (1575).
But the movement against her came from Italy, and was resented
by Philip and the Spanish authorities as undue interference; and
after a fierce struggle, during which Theresa was two years under
arrest at Toledo, the Carmelites were divided into two bodies in
1580, and the Descalzos obtained the right to elect their own
provincial-generals. (See CARMELITES.) The few remaining years
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of Theresa's life were spent in the old way, organizing the order
she had founded, and travelling about to open new convents. Six-
teen convents and 14 monasteries were founded by her efforts;
she wrote a history of her foundations, which forms a supplement
to her autobiography. Her last journey o inspection was cut
short at Alva, where she died on Sept 29, 1582.

Canonization.— A violet odour and a fragrant oil were said
to distil from her tomb; and when it was opened nine months
afterward the flesh was found uncorrupted. A hand cut df by a
fervent brother was found to work miracles, and the order be-
came convinced that their founder had been a saint. It was re-
solved in 1585 to remove her remains to Avila, where she was
born, the sisters at Alva being consoled by permission to retain
the mutilated arm.

But the family of the duke of Alva procured an order from
the pope enjoining that the body should be restored to Alva, and
she was accordingly laid there once morein a splendid tomb. But
even then she was not allowed to rest : she was again disentombed,
to be laid in a more magnificent coffin, and the greed of reveren-
tial relic-seekers made unseemly havoc of her bones.

Theresa was canonized by Gregory XV in 1622. The honour
was doubtless largely due to her asceticism and mystic visions.
She called herself Theresa de Jesus, to signify the closeness of her
relation to the heavenly Bridegroom, who directed all her actions.
Though she deprecated excess of ascetic severity in others, she
scourged herself habitually, and wore a peculiarly painful hair-
cloth. But her life shows her to have been, besides, a woman of
strong practicality and good sense, full of natural shrewdness,
and with unusual powers of organization. "You deceived me in
saying she was a woman," writes one of her confessors; ""she is
a bearded man." She was brave in the face of difficultiesand
dangers, pure in her motives, and her utterances, some of which
have been quoted, have the true ethical ring about them. Her
mss. were collected by Philip II and placed in a rich case in the
Escorial, the key of which the king carried about with him. Be-
sides her autobiography and the history of her foundations, her
works (all written in gpanish) contain a great number of letters
and various treatises of mystical religion, the chief of which are
The Way of Perfection and The Castle of the Soul, Both de-
scribe the progress of the soul toward perfect union with God.

Her works, edited by two Dominicans were first published in 1587,
and have dnce appeared in various editions. They were afterward
trandated into Italian, French 54 vols,, Paris, 1840-46) and Latin;
an English trandation d the Life and works (except the letters) by
A. Woodhead algpeared in 1669. Other trandations d the Life are
those by John Dalton (18s51), who aso transated The Way of Per-
fection ‘and the Letters (1902), and by David Lewis (1870}, who in
1871 aso trandated the Foundations. “A. R. Waller repnnted Wood-

, . .o “The ~iinr 13 .
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Ribera, who had been her confessor (1602), and by Diego de Yepez,
confessor to Philip IT (13q99). Details are dso given in Ribadeneyra’s
Flos Sanctorum and in Alban Butler's Lives of the Saints (rev. 1926).
A separate biography, with preface by Cardina Manning, appeared
a8, 2 Tl @ng, sritical egitign, of th, Fife Is {hat b Mag; Shseft
Geschichte d. heil. Theresia (Regensburg, 1899); A. Whyte, Santa

Teresa, an Appreciation, with Some of the Best Passages of the Writ-
ings (1897); E Hello, Studies in Saintship (1903); B. Zimmeman,
Minpr Wrorks, (ro13) 5 The asish RE{P e aaG e 0h Te dnietisn
by Cardlsnal Gasquet appeared 1919-24 (4 vols.).

THERM. A name originally employed in elementary text-
books for any thermal unit but now generally restricted to the
statutory unit of heat adopted for the sale of lighting gasin terms
of its caorific value. The therm is defined as being equa to
100,000 British Thermal Units (B.Th.U.), the unit of heat most
commonly used for measuring the caorific value of gas or other
fuels throughout the British empire and (B.T.U.) in the U.S.

THERMAE, in architecture, is a term referring to the baths
of a large bathing establishment, particularly those of ancient
Rome. See BATHS.

THERMIDOR, the name given during the French Revolu-
tion to the 11th month of the year in the republican calendar.
The month fell in the hottest season of the year, beginning on
July 19 or 20 and ending on Aug. 18 or 19. according to the year.
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The most important event that took place in this month was the
revolution of 9 Thermidor year II (July 27, 1794), the so-called
revolution of Thermidor, which resulted in the fall of Robespierre
and the collapse of the Terror. The name Thermidorian (T kermi-
dorien) was given to the authors of this revolution and to the
supporters of the reactionary movement of which it was the signal.
The name Thermidor is derived from the two Greek words for
heat and gift.

THERMIONICS. Thermionics deals with the production
of charged particles, electrons or ions, at a heated surface. Use-
ful examples of hot surfaces are electrically heated filamentary
wires or ribbons of refractory metals such as tungsten or nickel.
By far the most extensive application of thermionic electron
emission is in the radio receiving tube. (See ELECTRON TUBE.)

An atom may be thought of as a structure that has a specific
number of electrons in constant motion around a positively
charged, massive nucleus. The number of electrons characterizes
the particular chemical element and is known as the atomic number.
Since the positive charge on the nucleus of an atom is exactly
equal in magnitude to the sum of the negative charges on the elec-
trons that surround the nucleus. a normal atom has no net charge.
In the broadest sense of the word, a thermion is produced from
an atom if an electron is either added to or subtracted from a
normal atom at a heated surface. The production of atomic therm-
ions depends on physical principles that have little or no rela-
tion to the thermal production of freeelectrons. Therefore, since
the latter phenomenon has found such extensive and valuable
applications, this article will deal exclusively with electron emis-
sion from heated surfaces.

Discovery of Thermionic Emission of Electrons.— Thomas
A. Edison (1883) discovered that electrical conduction could be
maintained between a hot filament and a nearby cool metallic plate
if the plate was made positive with respect to the filament. No
appreciable current was observed with a negative plate. Edison
concluded that negative charges of electricity (now known to be
electrons) were given df the hot filament and that these charges
conducted electricity across the evacuated space. W. H. Preece
(188]) studied the effectin more detail and gaveit the name Edison
effect. J. J. Thomson (1899) established the electronic nature
of the charge carrier and found that the magnitude of the charge
was the same as that discovered in previous experiments with

ionized narticles i 1
W}gl,ﬁy ) I%Agrerl]cli%; ‘but that its mass was less than 154 that of

Early investigators included O. W, Richardson, Max von Laue,

W. Schottky (1914), I. Langmuir (1913) and others, who by 1920
had established many of the principles of the new field. The
most advanced and widespread application of thermionic emission
to electronics deRends on the very high efficienc%/ and reliability
o the oxide cathode discovered by A. Wehnelt (1903). (See
ELecTRrICITY: The Particles of Electricity.) ]

Applications of Electronic Thermionics.—The 'mportance
of the thermionic emission of electrons can best be established by
mentioning some of the applications that depend on the utilization
of this phenomenon. The high-voltage hot-cathode rectifier de-
pends on the emission of electrons into @ evacuated SPaCe and
in this way supplies the means of electrical conduction from the
cathode to the anode of the tube structure. The latter receives
electrons while it is positive with respect to the cathode. The
anode structure operates at such a low temperature that its therm-
ionic emission is exceedingly small, and therefore the tube oper-
ating as a rectifier conducts well only with the one polarity of
applied voltage.

The arrival at the anode of free electrons with high energy
produces X-rays as the electrons are stopped, and therefore most
X-ray tubes depend upon thermionic emission for their operation.
The emitted free electrons may be accelerated through certain
gases and upon collision with the atoms produce atomic excita-
tion andionization. These are steps in the operation of fluorescent
lamps, gasilled rectifiers, grid-controlled rectifiers or thyratrons
and many other devices of everyday usefulness that depend on the
thermionic emission of electrons for their very existence.

The vacuum tube aso depends on thermionic emission. Ampli-
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fication of modulated power for telephone, radio and television
communication depends on the controllability of the free electrons
that have been emitted thermionically from the cathode o the
structure.

Theory of Thermionic Emission.——To understand the theory
of thermionic emission one must first have some knowledge d the
electronic properties of atoms, molecules and solids. The fact
that atoms have a "structure” that includes a positively charged
heavy nucleus surrounded by a system of electrons equal in num-
ber to the atomic number of the chemical element has been men-
tioned above. Experiments have shown that the electrons are
grouped together in electronic energy levels. In every complex
atom there are two electrons very close to the nucleus which serve
to fill the “X” shell.

The next oneisthe"L" shell with a maximum of eight electrons.
Depending on the total number of electrons that are associated
with each atomic nucleus to makeit electrically neutral, additional
shells may be filled. The outermost electrons are known as the
valence electrons. The metals that are good conductors are
nearly all to be found among those elements that have only one

< i outermost
e Getails e Vaet i oot & & Sesult of the Bpplicaion of
wave mechanics to the problem. (See QUANTUM MECHANICS:
Wave Mechanics.)

The common metallic elements upon crystallization yield their
valence electrons to quantum states, described best in the lan-
guage of wave mechanics, that extend throughout the crystal as
a whole and in that way are no longer the property of the indi-
vidual atoms. The transfer of an electron from one quantum state
to another always is accompanied by a change in energy d the
system as a whole, and therefore the general concept that the most
stable state of the system tends to be that of "least energy" implies
that the electrons will occupy all of the low-energy quantum states
first and that the high-energy ones will be empty.

Quantum mechanics serves as the means of determining the
number of quantum states easily available to the valence electrons
of acrystal. A comparison may be made between the number of
states needed and those available. If the two are exactly equa
then the substance is a very poor conductor, as is the case for
diamond. If the available states far exceed the demand then the
substance is a good conductor (for example, copper). Since at
some specified temperature practically al of the low-energy quan-
tum states in the crystal are filled and most of the high-energy
states are empty, there must be some energy state (or level, as
these states are often called) that will have exactly a 509 prob-
ability of being filled. This quantum state and its corresponding
energy are identified by the term Fermi level, in honour of Enrico
Fermi, who was one o the first to develop the quantum statistics
of electrons.

It is difficult to establish a universally acceptable way of giving
a numerical value to the Fermi level since the energy o an elec-
tron depends both on its location and on its momentum. I n therm-
ionic emission theory the primary interest is in the transport of
electrons through the substance used as the emitter of electrons
and the transport of electrons across the boundary between the
metal and the surrounding space. Statistical theory tells us that
no matter what the substance is on each side of any boundary
established in a region in which there is thermodynamic equilib-
rium, the Fermi level is continuous across that boundary and the
net flow of heat and electricity across the boundary will be exactly
zero. As a consequence of this fact, theory provides a means
of computing the "random" flow of electrons that occupy any
set of quantum states of known energy relative to the Fermi
level. By random flow is meant the number of electrons that
cross a unit area per second in one direction. For the net cur-
rent to be zero, the random flow in opposite directions must be
equal in magnitude.

This discussion of statistical theory is best illustrated by the
diagram of fig. 1. The vertical direction in this diagram repre-
sents relative energies o electrons and the horizontal direction
represents distance. The left of the dotted vertical line is in-
side the conductor and the right is outside the last layer o
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atoms of which the crystal is made. If the potential energy of
an electron is zero at a large distance away from the surface,
then the potential energy inside is lower by the amount shown
as W,. This difference in potential energy is known as the elec-

INSIDE |«
CONDUCTOR |

OUTSIDE CONDUCTOR

FIG. |.— RELATIVE ENERGIES OF ELECTRONS PLOTTED AGAINST DISTANCE

FROM SURFACE . . .
; Is the Fermi level relative to the conduction band; ¢ is the true work func-

tion in electron volts: E is the kinetic energy inside the conductor of an electron
in motion perpendicular to a surface; W, is the electron affinity; u is the Ferrni
level for a low density of electrons outside; and e is the kinetio energy of an elec-
tron in motion perpendicular to a surface and outside it

tron affinity of the surface. Thereis no single value of W, that
characterizes the particular metal of which the crystal is made,
since its value depends not only on the metal but also on the
particular crystallographic surface that is exposed. The usual
way of defining a crystallographic direction is by the Miller indices
of a line perpendicular to the surface. If reference is made to
the experimental determination of the differences in W, for the
[110] direction of tungsten in comparison with the {111] direc-
tion, A. R. Hutson (1955) showed it to be at least 0.8 ev (elec-
tron volt) higher in the [110] direction. An electron volt is the
energy gained or lost by an electron in moving across a region
in which there is a difference in potential of one volt. Since
the charge on an electron is 1.602 X 10—19 coulomb, the electron
volt is 1.602 X 10—1? joule. The most convenient energy unit
to use in the discussion of thermionic emission is the electron volt,
and it will be used in this article.

To help orient the reader in his understanding of fig. 1, other
vaues d the symbols will be given as they refer to tungsten.
The value of W, which is the Fermi level with respect to the
bottom of the conduction band of electrons, is 5.8 ev when it is
assumed that there is one conduction electron for each tungsten
atom. This number is computed by the following formula, which
comes directly from the application of Fermi statistics to an as-
sembly of free electrons of concentration n:

ET 2
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In this equation % is Planck's constant (6.6238 X 10—3* joule-
sec.); m is the electron mass (9.107 X 10—3! kg.); q is the charge
on an electron (1.602 X 10—1% coulomb); k is Boltzinann's con-
stant (1.38042 X 10—23 joule/° K.); and T is the absolute tem-
perature on the Kelvin scale. An evaluation of W, as it applies
to tungsten, in which there are 6.4 X 102® atoms per cubic metre,
shows that the second term which depends on the temperature T
isso very small compared to unity that W, of 5.8 ev may be used
without correction over the useful range in temperature of 1,800"
K. to 2,500' K. Very careful experimentation by M. H. Nichols
(1940), G. F. Smith (1954) and A. R. Hutson (1955) established
thevalue o ¢ as 4.3 + (3 X 10-5) T for the [111] surface. It
follows that W, is close to 10.1 ev for this surface and at least
10.9 ev for the [110] surface.

The diagram shows that the Fermi level in the outside space
is the negative of ¢; that is, u = —¢. For this statement to be
exact the space must be in thermodynamic equilibrium with the
metal.

The value of u (Fermi level for a low density of electrons)
may be calculated from the equilibrium density of electronsin the
space by the following equation:
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T, 2(Q2amkT)32
b= —'k'q— ln—(—nizTL (2)
This equation is generally applicable for electron densities less
than 10?5 electrons per cubic metre.

The quantity ¢ is the true work function. It is defined as the
difference in the energy of an electron at the Fermi level and
one at rest just outside the surface.

In terms of the energy diagram of fig. 1 it is possible to ex-
plain thermionic emission from a metallic conductor. With the
metal at a very low temperature, the electrons fill all the quantum
states from the bottom of the conduction band right up to the
Fermi level and very few electrons will be found above this level.
There will be some high-energy electrons, however, and the Fermi
level will mark that quantum state that has a 509, probability
o being occupied. As the temperature is raised, more and more
electrons will occupy the high-energy states, even as high as W,
and there will be vacancies in the states below W, exactly equal
to the number occupied above W,.

In their random motion in the interior of the metal, many of
the very high-energy electrons will approach the surface o the
metal. Assume that an electron is moving at high speed in the
metal and that the kinetic energy associated nith the motion to-
ward the boundary isE. Asit crosses the boundary at the surface
of the metal, it gives up kinetic energy in order to do work against
the electrical forces that attract the electron to this surface of
the crystal. The total work is the change in potential energy W,.
The kinetic energy with which the electron escapes into the sur-
rounding space is shown on the diagram ase.

By direct calculation, quantum statistics gives equation (3) for
al o the electron current that impinges on the boundary surface
with internal kinetic energy greater than WW,. It is this vaue of
current density (1) that is the maximum that could be observed
from the surface at the specified temperature:

2 [}
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In this equation e is the base of natural logarithms (2.71828).
Richardson (1912) was one of the first to develop this equation
form based on general thermodynamic reasoning. S. Dushman
(1923) worked out the value of the universal constant, the
bracketed quantity in equation (3), while R. H. Fowler (1928)
and L. Nordheim (1929) developed the theoretical basis for equa-
tion (3) by the application of Fermi statistics.

Empirical Equations and Thermionic Constants.— The
superficial approach to the experimental testing of the validity of
equation (3) is to observe an average current density | as a func-
tion of the temperature and plot the data according to the follow-
ing relation:

3)
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where A, is the Richardson constant as an empirical constant and
¢ is the Richardson work function as an empirical constant.

The observable quantity on the left of equation (4) is plotted as
a function of 71, or better yet, as a function of (1/V;) =
(g/kT) V, isthe electron volt equivalent d temperature. Gen-
erally astraight-line relation is found and valuesof A, and ¢ are
determined this way. Comparisons are often made between 45
and the theoretical value of the universal constant (A) d equation
(3), which is defined as follows and has the value shonn:

4rmk?
A=
More often than not A, isless than A, but many examples are
found in which A, is much greater than A. There are a number
of reasons for the shortcomings o this method:

1. A given sample generally does not exhibit a single crystal-
lographic surface for emission and therefore the average current
density | will not equal the density needed for the test of equation
(3). It will be less than the maximum density and greater than
the minimum of the various exposed surfaces o a test sample.

120 X 10* amp./metre? deg? (5)
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2. Nothing in the theory from which equation (3) was ob-
tained limited its use to the condition that ¢ is a constant. The
fact that a straight line may be obtained as indicated above only
means that the effective average work function (¢.e) may be
represented by the equation shown as

k
¢‘eff=¢li+a"qz=¢‘a+aV1' 6)
where a is the temperature coefficient. Note that the energy cor-
responding to k7' can be expressed equally well as ¢V, and the
electron volt equivalent of temperature is obtained as follows:

kT T
g 11,606 ™

I't is not necessary to add more detail to see that the observed
value o the constant A, would be altered by the factor e—= from
the theoretical A. Thus if a is negative. as it may well be when
absorbed atoms d the electronegative type are present as surface
impurities, A, can be very large. If a is positive then A, will
be small.

3. There is still another influence that may or may not be im-
portant. Thisis reflection at the boundary. The theory outlined
above gave the maximum current that could be observed, but if
not al of the available electrons actually left the metal the cur-
rent would be less.

I't follows that most experiments that have been reported in
the literature give values of A, and ¢5. These constants must be
considered to have very little theoretical importance, even though
they do yield numbers of engineering usefulness. These numbers

VT=

may be used to predict the electron emission that will be avail-
able from similar samples, but the work function will very
seldom be the true work function ¢ of equation (3). The basic

Richardson thermionic equation is equation (3), and there the
true work function ¢ is the only correct one to use. The empirical
values of constants A, and ¢ are referred to as the Richardson
constants and carry the subscript R because they are to be used
with the Richardson form o the equation given as follows:
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The Richardson work function is ¢, and is a constant since it
was determined by the slope of the best straight line that rep-
resented experimental observations according to the linear ap-
proximation of equation (4). The Richardson thermionic constant
is A,. Itis adso a constant since its choice is made so that at
some specified temperature the value o the calculated emission
isin agreement with the experimental value.

The first equation put forward by Richardson did not make use
of quantum principles and was expressed as:

#2q
TTRT
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As an empirical equation this one is no better nor worse than
equation (8). since in nearly every example the experimental data
are equally well represented by equation (9).

Since both equations (8) and (9) are empirical, having engi-
neering usefulness only, it should be clear that the following equa-
tion is more useful for this purpose:

I=g '7 (10

The two empirical constants for this form may be determined by
a direct examination of data, or they may be related to A, and ¢z
as will be shown below. The work factor ® in electron volts is
the slope of the line given by:

[}
Inl = Ina— 7

(11

The constant a is chosen to give correct values as was done for
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A,. The relations used to convert one set of constants to the
other are:

=g, T V.t Vv, a2)
a=104p T} (13)
T0= Tm+ Tn= Tm+ Tn (14)

1n 10 23

In these equations T,, is the minimum temperature of the range
chosen for equation (10) to be the equivalent of equation (8).
The maximum temperature of the range is 7', and the correspond-
ing electron volt values are V,, and V,, computed by equation (7).
T, is close to the mean temperature.

A useful set of thermionic constants is given in the table. The
following empirical equations may be used with the tabulated con-
stants to calculate approximate current densitiesin amp./cm.2 from
the sources listed (the information on the constants for the sources
shown was obtained from various articles in scientific literature) :
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Reduction in Electron Affinity.— It is only the refractory
or high-melting-point pure metals that serve as practical electron
emission sources, and the best istungsten. |t is used in most high-
voltage rectifiers and X-ray tubes.

The great objective is to obtain more electrons for less input
power to heat the source. Although heat shields can be used to
reduce the total power radiated, a considerable gain may be made
by surface alterations that reduce the electron affinity. Fig. 1
shows that the methods that reduce W, will generally reduce ¢,
since

6=Wi—W; (15)

I. Langmuir and W. Rogers (1914) discovered that thoria
(ThO,), occluded within a tungsten wire at the time of its manu-
facture, could be made to yield thorium by suitable heat treatment.
The thorium atoms diffuse out of particularly active regions along
crystal boundaries and finally over the external surface d the
tungsten wire to form a coverage less than one atom layer thick.
The thorium adheres very strongly to the underlying tungsten
surface and becomes polarized. The direction of the dipole cor-
responds to a displacement of the outermost valence electrons of
the thorium toward the tungsten. This displacement or polariza-
tion of the negative charge with respect to the positive charge on
the thorium nucleus creates a dipole of strength w. at each thorium
atom. [If there are n, thorium atoms per unit area, the dipole
moment per unit area will be », .. A dipole moment has units
of (charge X length) and therefore (#, w¢)/€, has units which
are potential difference or "volts." Analysis shows that W, is
changed due to an adsorbed layer of polarized atoms according
to the relation

Thermionic Constants*
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w!=w, — Mk (16)
€0

I'n this equation ¢, is the permittivity of free space (8.85 X 10—12
faradimetre). Since oxygen polarizes in the opposite direction to
thorium, W, (reduced electron affinity) is greater than W, if a
fraction of a monolayer is adsorbed. Generally the adsorption of
electronegative atoms increases the electron affinity, and a de-
crease comes with adsorbed electropositive elements. Although
the alkali metals polarize strongly, as for example cesium, it is
more difficult to maintain the optimum coverage in comparison
aith thorium. The approximate reduction in W, by a 0.7 cover-
age (10 thorium atoms per square metre) may be seen from the
table to be about 1.4 ev.

This reduction in electron affinity realized with thoriated fila-
ments is sufficient to make its use of practical value in many
medium-capacity power amplifier tubes. Often perfectly good
tubes of this type are discarded as worthless merely because they
have lost their efficiency due to some temporary overload condi-
tion. Many such tubes may be reactivated and restored to useful
service.

The greatest step in the reduction of the electron affinity came
with the discovery by A. Wehnelt that a coating of alkaline-earth
oxides would greatly enhance the electron emission obtained from
a surface at a very low temperature. This discovery led to the
modern technology of the oxide cathode.

Theory of the Oxide Cathode.— The oxide cathode is gen-
erally constructed as an internally heated nickel sleeve upon which
a suitably prepared barium-strontium carbonate is sprayed. The
fine particles are held in a binder, which is later removed by heat-
ing. The conversion o the carbonate into the oxide takes place
within the fina assembly during the early stages of evacuation.
The conversion is completed by maintaining the cathode at about'
1,300° K. for about one minute (G. M. Herrmann and J. S.
Wagener, 1951).

Important factors that govern the procedure include: (1) the
need for nickel alloys that contain reducing agents such as silicon,
titanium, magnesium, etc. (E. S. Rittner, 1953); (2) development
o required particle size of about two or three microns; (3) porosity
after sintering of about 50% with pores of about two microns' linear
dimensions; (4) cleaning of all other parts of the tubeisimportant
for maintenance of cathode emission life; (5) coating adherence
is dependent on vacuum conditions, cleaning of parts and other
factors.

The electron emission from this structure depends upon the
transfer of electrons from the nickel base metal to the coating,
the conduction through the coating and finally the emission from
the coating. Barium oxide in the absence of imperfections is an
insulator and therefore a very poor conductor of electrons. The
electron affinity is very low for practically all insulators. The
probable value of W, for the crystals of an oxide cathode is 0.8 ev.

This great reduction in W, from the metallic value of about ten
electron volts does not automatically result in the high-efficiency
cathode desired because both the coating conductivity and the elec-
tron emission depend on the location of the Fermi level. Semi-
conductor theory shows that the
presence of an amount of excess

Source Tm | Tn | To | 48 | @8] % o | 8 | # barium in the oxide of only 1 part
Carbon. 1,300 | 2,200 | 1,520 | 30 | 4.34 | 50,340 | 21,870 | 70 x 107 | 4.64 | 53,820 | 23,300 | P€r 1,000,000 is enough to raise
e | 220 | i | B | A% | Samo | B0 | A% | 48| 250 | 2nseg| the Fermi level to within 0.4 ev
Iron s s ) - B . , s i H
- DI || ) X e e Is sbout 200" K This
Molybdenum 1,3 , . K 22, 250 X 1 4.6 4 , i o i
Y 1,350 | 2,000 | 1,450 | 55 | 4.15 | 48,140 | 20,920 | 155 X 107 | 4.44 | 51,500 | 22.380 perature Is abqut 500° K. This
Nickel. 1,308 1,;88 1,308 38 égi gg;gg 23,238 58x13; §88 ggsgg 3%38 combination gives a true work
10150 | 1 1240 | 5 X X 26,410 | 80 X 1 4 6 . ; f
Platinum 1700 | 2100 | 1650 | 32 | 532 | 61710 | 26:810 | 90 X 107 | 5.65 | 65.540 | 28.480 | function at low temperature of
Tantalum : 1/200 | 2,000 | 1,300 | 52 | 4.19 | 48,600 | 21,120 | 100 X 107 | 4.47 | 51,850 | 22.530
Tungsten .o 1,400 | 2,400 | 1,650 | 72 | 4.52 | 52,430 | 22,780 | 200 X 107 | 4.85 | 56,260 | 24,440 ¢ =Wo—W, a7
Tungsten + thopium . . 1,200 | 2,000 | 1,390 | 60 | 4.51 | 52,320 | 22,730 | 120 X 107 | 4.79 | 55,560 | 24,140 =08 — (—04) = 1.2 ev
“L™ (tungsten T barium) | | 1200 | 21000 | 17300 | 3 | 2.63 | 30,510 | 13255 | 6 X 107 | 201 | 33760 | 14670
Lanthanum T lanthanumboride | 1,300 | 1,700 | 1,300 1 1.8 20,880 | 9,070 2 X 107 | 2.06 | 23,900 | 10,380 . . .
(La+ LaBe) Co | L300 1,700 | 1300 | 15 %.gé 23,203 10,080 | 20 § 1o | 226 | 26,220 11,390 A difficulty arises with such alow
1,100 | 1, 3 166 | 30,860 | 13,4 X 3 . . .
Barium strontium oxide (BaSrO) | ’600 | 1200 | 780 | 0.5 | 10 | 115600 | 5040 | 3 X108 | 1.16 | 13460 | 5846 | cConcentration of excess barium

*Explanation of
puted from 7 an

Source: W. B. Nottingham, " Thermionic Emission,’

mbols used in tahle: Ty, minimum temperature; 7', maximum temperature; To. closeto mean temperature com-
T'n by equation (14}; A R, Richard-on constant as an empirical constant; ¢ R, Richardson work function as an
empirical constant; b, temperature equivalent of the Richardson work function; »’, empirical constant; a, empirical constant com-
puted from A B, @, work factor in electron volts computed from ¢ R; B and b', empirical constants.

in Handbuch der Physi k, vol. xxi (1956).

because as the temperature is
raised the concentration of elec-
tronsin the conduction band soon
equals the number of barium
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atoms and the Fermi level becomes more and more negative as
shown by equation (2). It follows therefore that in order to
stabilize the Fermi level, a barium concentration of 10 to 20 parts
per 1,000,000 is needed.

During the life of a cathode, barium is evaporated, and it also
may be lost effectively if electronegative gas such as oxygen is
evolved from other parts of the tube and goes to the cathode. 1t
is the function of the reducing agent put into the nickel alloy
to maintain the required concentration of barium to compensate
for theselosses. The migration of the excess barium atoms isin-
fluenced by the concentration gradient and by internal electric
fields. Since the flow of electrons through the coating produces
a drop in potential across the coating which is positive near the
exterior surface and negative at the nickel, the excess barium ions
in the crystals tend to flow away from the surface. This flow re-
duces the concentration there and increases the resistance.

This discussion of problems of the oxide cathode serves to il-
lustrate the complexity of the phenomena associated with its elec-
tronic properties. More detailed and quantitative studies were
made by W. B. Nottingham (193'6).

Field EffectsIncluding Space Charge.— An understanding of
thermionic emission requires some knowledge of the means d its
observation. The diode structure, which includes a thermionic
emitter and a collector, is all that is needed.

For the purpose of cathode temperature measurement the appli-
cation of a moderately strong magnetic field with its B vector per-
pendicular to the emitting surface is desirable. If the emitter is
cylindrical and possibly surrounded by an elliptical collector as in
a practical vacuum tube, then the B vector should be perpen-
dicular to the axis of the emitter and parallel to the short axis of
the collector. The purpose of this magnetic field is to cause the
emitted electrons to follow spirally along the lines of magnetic
field so that their trajectories will be independent of the retarding
potential which is used to analyze the energy distribution associated
with the electron velocity vector parallel to the magnetic field.
This method of temperature determination is subject to consider-
able error if the magnetic field is not used.

The applied potential on the collector may be made negative
with respect to the emitter, and if the tube construction is de-
signed for low leakage between its elements the measured cur-
rent will indicate the number of high-energy electrons that are
emitted. An equation based on a statistical analysis relates
changes in the observed current to changes in applied voltage.
Itisthe following:

2.3 (logio 7 — logi 1) = % (V-7 (18)
In this form of the equation, ¥; and i, are a reference voltage
and current relative to which V is referred in that if V is more
positive than ¥, the current ; is greater than 4,. This equation
applies over the range for which the electron flow to the collector
is not influenced by space charge. Important practical purposes
are served by a set of measurements o current and voltage as
related by equation (18). The data points may be co-ordinated
by the semilogarithmic plot suggested by this equation, and the
slope of the line gives an accurate measure of the temperature T
of the emitter.

Fig. 2 is the circuit diagram applicable to the measurement of
the current voltage characteristic
of a diode. A plot of typical
data is given in fig. 3. For ap-
plied voltages more negative than §E gg
the critical one, Vg, the points lie
on a straight line that is accu-
rately represented by equation

(18). An applied potential more M @
positive than V, results in an in-
crease in current which follows - I +

h % i

the curve shown. | This departure g incurr oiacrAw ror T
g L. MEASUREMENT OF DIODE CHAR-
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Further changes in potential in
the positive direction cause the
current to increase while at the
same time the space-charge mini-

" 'mum moves across the space

between the collector and the
emitter until it finally coincides
with the emitter. Only under
this condition is the true emis
sion capability of the cathode de-
termined. It is often difficult to
achieve this condition with prac-
tical oxide cathodes operating at
normal temperature because the
Dower dissiaated at the collector
may be many kilowatts. It is

found necessary to
H]lgﬁ%fﬂ{g cathode evaluati onyover
a range of lower temperature and
determine suitable values of a
and & of equation (10). Equip_
ment has been designed which

applies the high collector poten-
tial for a microsecond and repeats this application of voltage per-
haps 60 times per second. The instantaneous power capacity of
the collector is thus increased 16,000-fold.

Many writers evaluate ¢ rather than & and consider that the
lowering of ¢p is the best direct indication of cathode quality.
A more detailed consideration of the problem shows that ¢, or
& changes very little with the activation of the cathode since the
values depend only on the materials used. The true evaluation
o the cathode quality depends on the determination of the « of
equation (6). It is this temperature coefficient that indicates the
concentration of excess barium. The higher the barium excess
the lower the value of a and the higher the emission capability.
Observationally the « is closely related to the a constant, which
is large when a is small.

This outline showing the influences of space-charge on the ob-
servation of thermionic emission is al too brief. The details
were worked out and reported by Nottingham (1956).

Under the condition of "zero field" at the emitter, the applied
voltage on the collector supplies exactly that surface charge of
positive electricity needed to balance the negative charge on all
the electrons in transit between the emitter and the collector.
Additional positive applied voltage can increase the current only
at such a slow rate that the emission current is said to be satu-
rated. For pure metals and simple composite surfaces such as
thorium on tungsten, which have a high value of W,, the most
important force acting on an electron as it leaves the metal is
the "mirror image" force. This fact was first pointed out by
Schottky (1914), nho explained that since the total value of W,
is largely made up by the integration of the mirror image func-
tion, the application of the accelerating external field reduces the
net force acting to hold the electron to the surface. This reduc-
tion permits an increase in current according to the Schottky
equation as follows:

172
q

47!’60
1= Io e

g 1
ET (GV )12 19)

In this equation /, is an empirical constant (often incorrectly
called the zero-field emission) and GV, is the electric field at the
surface of the emitter. For high values of collector potential
V. the factor G depends only on the geometry of the diode struc-
ture, but at lower values of ¥, space-charge becomes important
and G becomes zero at that particular value of ¥, for which the
space-charge minimum coincides with the emission surface.
The problem is far more complex as the accelerating field is
applied to the oxide cathode. Image forces are weaker because
the oxide is more like an insulator than a conductor. The surface
is generally rough enough so that the G factor is not constant
and may exceed the one calculated by geometry. Space-charge
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effects are still important within the pores of the surface struc-
ture even though space-charge outside the surface may not be of
much importance. These factors all combine to give a more
rapid increase in current with applied potential than would be
expected according to equation (19).

Direct Conversion of Heat to Electricity. — The diode char-
acteristic shown in fig. 3 serves to demonstrate that thermionics
may be used to convert heat to electrical power. The product
i,V represents available power derived directly from the heated
emitter. The efficiency of a vacuum diode will be very small un-
less the spacing is 10 microns or less. The presence of ionized
cesium permits high efficiency with larger spacing. This use of
thermionics is becoming more and more important for the genera-
tion of power in space vehicles.

See also ELECTRON ; PHOTOELECTRICITY.
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THERMIT, the trade name for a mixture of aluminum pow-
der and iron oxide used in welding, in foundry work as a source
of heat, and in the reduction of metal oxides. Thermit was
widely used in incendiary bombs in the European theatre during
World War II.

On ignition the reaction (8Al T 3Fe,0, = 9Fe + 4A1,0,)
gives a temperature estimated to be about 2,400" C. The reac-
tion, stated in weight, means that 216 parts of aluminum plus 695
parts magnetite (iron oxide) equals 503 parts iron plus 408 parts
slag, or approximately three parts of aluminum plus ten parts of
magnetite will produce, on combustion, seven parts of iron. The
iron thus produced represents about one-half the original thermit
by weight and about one-third by volume.

Although the above reaction is the one commonly termed the
thermit reaction, a generalized thermit reaction may be defined
as an exothermic, self-propagating process in which finely di-
vided aluminum powder is used to reduce metal oxides; the metal
is liberated by direct oxidation of aluminum to aluminum oxide,
with accompanying reduction of the less stable metal oxide.

Thermit was discovered by Hans Goldschmidt of Essen, Ger.,
in 1895, while trying to reduce chromium and manganese oxides.
Goldschmidt's principal discovery related to a simple and safe
method of ignition, as the action of aluminum when mixed with
various oxides, sulfides and chlorides was well known. Fine alumi-
num powder will not react with pure iron oxide below a tempera-
ture of about 1,100" C. Previous experimenters had resorted to
heating mixtures in a crucible, making the initial temperature so
high that at the moment of ignition the mixture reacted with ex-
plosive violence. Goldschmidt obtained ignition of a cold mixture
by means of a barium-peroxide fuse, which was set of by a storm
match. Later, magnesium powder or ribbon was used, set df
either in the manner described above or by a red-hot iron rod.
The thermit reaction, once initiated locally in a cold mixture,
then spreads through the mixture since the heat generated by the
reaction will ignite adjacent regions. Goldschmidt's original U.S.
patent was granted March 16, 1897, and related principally to the
use of aluminum as a reducing agent for the production of carbon-
free metals such as cobalt, chromium, magnesium, tungsten, etc.,
by what is known as an aluminothermic process.

Uses.—The thermit reaction is of importance for its use as a
heat and metal source in welding, as a heat source in foundry
work to supply heat to one region of a mold, and as a source of
carbon-free metal. Two methods of thermit welding are used.
The first method, known as the plastic method, can be used for
welding pipe. In this method, the thermit is simply used as a heat
source. The ends of two pieces of pipe are carefully butted
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together, and after being heated to forging temperature by the
thermit, are forced together, completing the weld. The second
method, known as the fusion method, is used to weld large metal
sections, such as ship rudder frames. Here the molten iron formed
by the thermit is used to join two or more large metal members.
(For a detailed description of thermit fusion welding, see WELD-
ING: Aluminothermic Welding.) Thermit welding does not com-
pare favourably with other methods of welding and is consequently
relegated to specia cases such as welding very large sections and
welding in areas to which equipment cannot be easily transported.
The thermit reaction is used in foundry work to provide heat to
the metal reservoir called the riser. Since the riser is the last
to freeze, it is consequently able to feed metal to the casting as
solidification proceeds. The thermit reaction is used for the manu-
facture of carbon-free metals either by direct ignition in a sepa-
rate magnesia-lined steel crucible or by reaction in a ladle-of
molten metal to which the carbon-free Mmetal iSt0 be added. Since
it is difficult to control the reaction so that it proceeds stoichio-
metrically, the resultant carbon-free metal usually contains small
quantities of aluminum.

One of the greatest hazards in the thermit reaction results from
contamination with moisture. During the reaction water is re-
duced and hydrogen evolved, which can produce an explosive
mixture with the surrounding air. This hazard necessitates care-
ful packaging and handling to exclude moisture from the mixture.

. Wu.

THERMOCHEMISTRY is the name given to t%]at brar)mh
of theoretical chemistry which seeks to trace the connection be-
tween the heat evolved or absorbed during a chemical reaction
and the nature and course of the reaction. Chemical reactions
which are accompanied by a great evolution of heat are familiar;
the combustion of coal or gas, the reduction of iron ores by coke
in the blast furnace, and the slaking of lime are common examples.
All explosives are unstable compounds or mixtures of compounds,
the gaseous reaction products of which are raised to a very high
temperature by the great heat evolved by the explosion; the.pro-
pulsive force is due to the great pressure exerted by the gaseous
products, owing to the high temperature and to the small volume
they occupy before expansion. Such reactions are familiar because
their effects are so obvious. They take place so rapidly that the
heat evolved cannot be dissipated without raising the products of
the reaction to a high temperature. It is the effects of the high
temperature that are noticed, rather than the fact that large
amounts of heat are evolved. In the rusting of iron we have an
example of a chemical reaction which is also accompanied by the
evolution of much heat; but this fact escapes ordinary notice
since the rusting usually takes place so slowly that the heat has
time to dissipate without perceptibly raising the temperature of
the metal.

If, however, finely divided iron filings are dropped into pure
oxygen, the reaction takes place so suddenly that there is no
time for the heat to get away before the particles get white
hot.

Confronted with so many every-day examples of chemical re-
actions accompanied by evolution of heat, it is natural to assume
a close connection between the energy changes and the material
changes. For a long time, however, the interest of chemists was
mainly occupied by material changes only. Following the general
recognition o the law of conservation of matter and the gradual
acceptance of Dalton's atomic theory in the early part of the 1gth
century, there was a great development of knowledge of the
properties and composition o different chemical substances and
of their action on each other. The rea development o modern
thermochemistry may be said to start from the recognition of the
law of conservation of energy in the middle of the century. Some-
what earlier Thomas Andrews and Hess had systematically
studied the thermal effects of chemical reactions taking place in
solution, and Hess, as a result of his work, had formulated a law
which is one of the consequences of the conservation of energy,
namely, that the thermal effect of a chemical reaction is the same
however it takes place.

Law of Conservation of Energy.— According to the law of
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conservation of energy, energy, though it can exist in many forms,
is indestructible. No method is known by which it is possible to
create energy out of nothing. No system is known trom which it
is possible to obtain useful work without an exactly correspond;
ing diminution in the total energy of the system. F the systemis
restored to its original condition by the addition of heat, then the
heat absorbed is found aways to be exactly proportional to the
amount of work performed by the system. A few specific ex-
amples will illustrate the application o the law to chemica
processes.

(a) Heat isnecessary to convert water at its boiling point into
steam at the same temperature. A small part of this heat goes to
perform work through expansion against atmospheric pressure;
the major part is transferred into internal energy of steam mole-
cules. The internal energy of unit mass, d water vapour is there-
fore considerably greater than that of unit mass of liquid water at
the same temperature. When steam is condensed again to water,
exactly the same amount of heat is evolved as was absorbed when
it was formed.

(b) A chemical reaction, such as the combustion of petrol, can
be made to take place without performance d useful work, e.g.,
by alowing it to take place in a closed vessel. The heat evolved
by the combustion of unit weight to carbon dioxide and water
vapour under these conditions can be accurately measured. When
petrol is burnt in an internal combustion engine, the power out-
put (and therefore the useful work performed by combustion of
unit weight), theloss of heat to the cylinder walls and the residual
heat in the exhaust gases can al be measured. The sum o the
heat loss to the cylinder walls, and the residua heat in the ex-
haust gas is always less than the total heat  combustion by an
amount which is the equivalent of the work done.

(c) A solution of copper sulphate will react with zinc, dissolving
it and depositing copper. The heat evolved by the solution d an
"equivalent" of zinc can be measured. In the Daniell cell, which
consists of a zinc electrode dipping into zinc sulphate solution in a
porous pot, surrounded by another container where a copper elec-
trode dips into copper sulphate solution, this chemica reaction
takes place in such away that it can yield an electric current. We
can obtain work from such a cdll, e.g., by using it to drive a small
electromotor. The work can be measured accurately. If E is the
electromotive force (volts) and C the current (amperes), then
work doneis EC units per second. While the current is passing we
can measure the heat changesin the cell itself. These are found to
be small, but not zero. If we express in heat units the electrical
work done by the solution of unit mass, and add (or subtract) the
simultaneous evolution (or absorption) o heat in the cell, we
obtain a result which is the same as that obtained when the smple
reaction was allowed to take place without the production of elec-
trical energy. Alternatively, we could join the two electrodes with
a wire and measure the heat produced in the wire by the passage
o the electric current and the heat produced in the cell itself at
the same time. The sum of these two would be the same as the
heat produced by dissolving the same weight of zinc in a similar
solution of copper sulphate, but by arranging the experiment in
this way, most of the heat appears outside the solution instead of
inside'it.

I't will be observed that the applications of the principle of con-
servation of energy depend on the assumption that a unit of one
kind of energy always bears a constant relation to a unit of any
other kind of energy. Thisis a necessary deduction from the law.
f a mass o = grams is held % centimetres above the earth's
surface, its potential energy is measured by the product mgh,
where ¢ is the constant of gravity and mg the force (in dynes)
with which the earth attractsit. If it isalowed to fal freely, and
we neglect the resistance of the air, it will have a velocity d v
centimetres per second just before hitting the earth. Its potential
energy has then been entirely converted into kinetic energy which
is measured by the product 4m%% As no energy is lost, $mv?=
mgh and v==1/2gh. When it hits the earth its kinetic energy is
entirely converted into heat, and the amount of heat produced is
exactly proportional to 4m? or to mgh. The potential energy is
so called because, if the restraining force is removed, the mass
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acquires kinetic energy if left to itself. The energy is originally
latent and only becomes apparent when the restraining force is
removed; we can speak similarly of latent chemical energy.

Every element and every chemical compound has a definite con-
tent o energy which varies with the temperature. We know it
varies with the temperature, because if we want to raise the tem-
perature of anything we have to put heat into it. We do not know,
however, what is the total energy content of any chemical sub-
stance, nor how it isdivided up within the molecules; what we can
determine is the change in total energy content which takes place
during chemical reactions, and we can express the law of conserva-
tion of energy, inits application to chemistry, in the form

U=4—0Q,
where U is the*diminution in total energy content accompanying
a chemical reaction, A is the work done during or by means of the
reaction, and Q is the actual measured absorption of heat during
thereaction. 1napplying thisequationit is necessary to expressall
quantities in the same units. 4, the work done by a chemical reac-
tion, is usually either mechanical work, asin the internal combus-
tion engine, or electrical work, asin the accumulator. The unit of
mechanical work in the C.G.S. system is the erg, the unit of heat
is the calorie, which is the amount of heat necessary to raise the
temperature of 1 gram of water from 15° to 16° C. The expendi-
ture of 4-18X107 ergs, or 418 jouleswill produce | calorie of heat.

Determination of Total Energy Changes.— The realization
that the total energy content of a chemical substance was a prop-
erty of the substance as important as any other property, and that
the changes in energy accompanying chemical reactions were
closely connected with the nature of the reaction, led to a very
large number of experimental determinations of heats of reaction
by J. Thomsen and M. Berthelot. Heats of reaction are deter-
mined in principle by causing the reaction to take place rapidly
under such conditions that its heat is transferred to a large and
well stirred volume of water, which is thereby raised a few degrees
in temperature. As the specific heat of water is by definition unity
at 15° C, the heat evolved can be calculated if the mass of water
and its rise in temperature are accurately known. Allowance must
be made for the actual heating of the containing vessels and the
reacting substances, and also for the loss of heat during the time
the reaction takes place. Thisloss of heat is kept down by keeping
the rise in temperature small, which necessitates the use o very
sensitive thermometers. Accurate calorimetry depends essentially
on making proper allowances for this loss of heat, or alternatively
on methods employed to counterbalance it. In general the data
given in chemical literature cannot be relied upon to within 9%,
and in many cases the error of determination is much greater. An
experimental error of this order may be seriousin certain cases, as
we shall see later.

It is necessary to distinguish between heats evolved when reac-
tions take place at constant pressure and at constant volume. Only
the latter accurately correspond in all instances to the change in
total energy due to the reaction. If the reaction is allowed to take
place at constant (atmospheric) pressure and there is a change in
volume due to the reaction, then work is done, and the measured
heat of reaction will not be the same as the change in total
energy. In the case of reactions taking place between solids or
liquids the difference is usually negligible; in cases of gases
the necessary correction can be easily applied. For instance, in
the combustion of methane to carbon dioxide and liquid water,
CH,+-20,=C0,4-2H,0, three volumes of mixture react to form
one volume o carbon dioxide and a negligible volume o liquid
water. This diminution of volume means that at constant pressure
work is performed by the atmosphere. This work reappears as
additional heat in the calorimeter. If we take the volume of one
mol. of gas (22.4 litres) as the unit volume, the work done, 2PXV,
according to the gas laws = 2 RT, where R, the gas constant, is
approximately 2 when the work is expressed in heat units, and T
is the absolute temperature. Thus the heat of combustion of
methane, measured at 18° C (or 291° absolute), should be approx-
imately 1 200 calories higher when the combustion takes place at
constant pressure. e.g., when the gas is burnt in a jet, than when
the mixture is burnt in a completely closed vessel. |f, however, the
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combustion takes place above 100° C so that no water vapour con-
denses, there is no change of volume, and no difference between
the heats evolved at constant volume and constant pressure.
Indirect Determination—Many heats of reaction are difficult if
not impossible to measure directly. Thisis true of most reactions
in organic chemistry which either do not take place rapidly enough
to allow of accurate measurement, or yield other products besides
those under investigation. But if the heats of combustion of
organic compounds are known, the heat d any conceivable reac-
tion between such compounds can be estimated by means d the
first law. Take, for example, the technically important formation
of methyl alcohal from carbon mano idle-Iand hydrogen which pro-
ceeds according to the equation, CO-+2H.=CH;OH. The heat of

combustion of 1 mol. of carbon monoxide to carbon dioxide at
constant pressure Is 68,300 calories. The heat of combustion of 2
mols. of hydrogen to /quid water at constant pressure is

2% 68,400 calories= 136,800 calories. The heat of combustion of
1 mol. of methyl alcohol in the form of vapour to carbon dioxide
and liquid water is 182,000 calories. Now the total changein en-
ergy must be the same whether the carbon monoxide and hydrogen
are burnt directly to carbon dioxide and water, or whether they are
first transformed into methyl alcohol and then burnt. Hence the
heat evolved when carbon monoxide and hydrogen unite at con-
stant pressure to give methyl alcohol in the fOrm of vapour is:
68,300+-136,800— 182,000= 23,100 cal ories.

This example will serve t0 show the importance of accuracy in
calorimeter measurements. For suppose Thomsen, whose figures
have been taken, underestimated the heats of combustion of carbon
monoxide and hydrogen by r¢; and overestimated that of methyl
alcohol by 1%, the corrected figure for the heat of reaction
to methyl alcohol would then be 69,000-}138,200—180,200=
27,000 calories, which is nearly 209, higher than the estimate
made on the basis of Thomsen's recorded results.

Variations Due to Physical Conditions.—Since the intrinsic
(total) encrgy of @ substance varies with the conditions under
which the substance exists, it is necessary in recording the mechan-
ical data to specify the conditions of the initial and final systems.
Besides change of volume, the following conditions have to be con-
sidered: (1) Dilution of Solutions. (2) Physical state. (3) Tem.
perature.

(1) Dilution of Solutions—Generally speaking, there is a con-
siderable thermal effect when a substance is dissolved in water,
and this effect varies in magnitude according to the amount of
water employed. |t is only, however, when we deal with compara-

tively concentrated solutions that the heat-effect of diluting the
solufions is at al great, the heat-change on diluting an already

dilute solution being for most practical purposes negligible. In
dealing, therefore, with dilute solutions, it is only necessary to
state that the solutions are dilute, the exact degree of dilution
being unimportant. It occasionally happens that a change in
dilution affects the chemical action that occurs. Thus, if con-
centrated instead of dilute sulphuric acid acts upon zinc, the
action takes place to a great extent not according to the equa-
tion Zn-}+H,SO,=ZnSO,+H,, but according to the equation
Zn--2H,S04="2ZnS0,+50.+-2H,0, sulphur dioxide and water be-
ing produced instead of hydrogen. Here we have a different final
system with a different amount of intrinsic energy, so that the
thermal effect of the action is altogether different.

(2) Physical State.— The physical state o the reacting sub-
stances must be considered, since comparatively large amounts of
heat are absorbed on fusion and vaporization. Thus the heat of
fusion of ice (for 18 grams of H,0) is 1,440 cal , and the heat of
vaporization of water at 100° for the same quantity is g,67c cal.
When a substance, e g., carbon, phosphorus, sulphur, existsin allo-
tropic forms, the particular variety employed should always be
stated, as the conversion o one modification into another is fre-
guently attended by a considerable thermal effect. Thus the con-
version of white into red phosphorus evolves about one-sixth of
the heat of combustion of the latter in oxygen, and so the knowl-
edge of which variety of phosphorus has been employed is of es-
sential importance in the thermochemistry of that element (See
PoLy MORPHISM )
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(3) Influence of Temperature.— The influence of temperature
on the thermal effects of a chemical reaction is sometimes con-
siderable. If we know the change in total energy associated
with any reaction at one temperature, the first law enables us
to calculate it for any other temperature. If, for example, the
total energy content at temperature T4 is Uy, for 1 mol. of hy-
drogen, Uq, for 1 mol. o oxygen, and Usx,o for 1 mol. of water
vapour, the change in total energy due to the combination d
hydrogen and oxygen to form 2 mols. & water vapour is, say,

2Ung+UOx—2szo=Un-

we s I mal of hordenoan (nt AT
Tt Faistsths toromerayue gfreamol B (T o 2%, whers
(Cv)w, is the mean capacity for heat of 1 mol. of hydrogen at
constant oo T 1. e s
simply a JORRTRE, REOFEHL (L 06e WRRSTBY i1l S pecificd IS S
Hence the total energy change at the higher temperature T, is:

2 Ut (CulTa= T} F Uk (Con To—T)
- 2{ Usso+ (C'v)mo(Tz_' Tl)} =Un
o Un'—Un=(TZ—TI){2(Cv)m+(cv)oz—2(cv)320}

We can express this most gjmply by saying that the rate of change
of U with the temperature &%/gT) is equal to the sum o the
heat capacities of the reacting compounds minus the sum of the

radiicts of the reaction.
easurements.—Some general reqlts 0f

thermochemical meagrerments applied to heats of combustion,
neutralization and solution"may 75y e considered.

(a) Heats of Combustion—Experiment has shown that the heat
of combustion of organic substances of varicus kinds varies regu-
larly with the molecular weight. The difference between the heats
of combustion of two neighhouring members in a series of homolo-

gous compounds is practically constant, and the value of the con-
stant shows very little variation as we pass from one series to
another. Thus the heat of combustion of methane, CHj, to carbon
dioxide and liguid water at constant pressure is 212,000 calories;
of ethane, C;Hs, is 370,500 calories, a differencedf 138,500 cal-
ories; o propane, CsHs, is 529,200 calories, which IS 158,700
above that of ethane; and the heat of combustion of al paraf-
fin pydrocarbons (CnHani2) can be expressed by the formula
212,0004-158,500 (n—1) or 158,500 753,50 calories, where
7 is the number of carbon atoms in the molecule, and the mass to

which the heat of combustion refersis the molecular weight in
grams of the compound .
Similarly the heat of combustion of alcohols C,Hz, 1OH, can

be expressed by the formula:

heat, ranaritiec of, the
hermochemical

183,000+158,80c (n— 1)
or
158,000 34,200 calories.

As a rule the addition of a CH, group to any organic molecule
will increase the molecular heat of combustion by about 138 Sco
calories, but the rule is not exact, and the actual figure varies
somewhat from series to series. In particular the heat of combus-
tion of two isomeric substances, i e, substances with the same
number o carbon, hydrogen, oxygen, etc., atoms in the molecule,
but differently arranged are very nearly but not exactly the same.
It follows that there are similar regularitiesin the keats of forma-
tion of organic compounds, for the heat o formation is the dif-
ference between the heat of combustion of a compound and the
total heats o combustion of the carbon, hydrogen, etc., it contains.

(b) Heats of Neutralization—The heats of neutralization of
acids and bases in aqueous solution are additively composed of
two terms, one being constant for a given base, the other constant
for a given acid. In addition to this the further regularity has
been observed that, when the powerful monobasic acids are neu-
tralized by the powerful monacid bases in dilute solution, the heat
o neutralization isin al cases the same. The following table gives
the heats of neutralization of the commoner strong monobasic
acids with soda:
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Formula Cd.
Hydrochloricacid HCl 137,400
Hydrobromic acid . HBr I %7, %
Hydriodic acid HI 136,
Nitric acid . HNO; 136,800
Chloric acid HCIO, 137,600
Bromic acid HB10; 137,800

Within the error of experiment these numbers are identical.

I't was at one time thought that the greater the heat o neutral-
ization o an acid with a given base, the greater was the strength
o the acid. It is now known, however, that when weak acids or
bases are used, the heat of neutralization may be either greater
or less than the normal value for powerful acids and bases, so
that there is no proportionality, or even paralelism, between the
strengths of acids and their heats of neutralization (see REacTION
KINETICS).

(c) Heats of Solution.— When substances readily combine with
water to form hydrates, the heat of solution in water is usually
positive; when, on the other hand, they do not readily form
hydrates, or when they are already hydrated, the heat d solution
is usualy negative. The following examples show the effect of
hydration on heat of solution in a large quantity of water:

|.  Sodium Carbonate

Heat of solution Heat of hydration
cal. cal.
N8.2C03 . + 5,640 .. .
N8.2C03,H20 . + 2,250 + 3,390
Na,CO0s,2H;0 . + 20 + 5,620
Na.COs,10H-0. —16,160 +21,800

II. Sodium Suiphate

Heat d solution Heat d hydration
ca. ca.
NagSO4 . . . “+ 460 .
NazS04,H,0 — 1,000 + 2,360
Na;S04,10H0 . —18,760 ~+19,200

First and Second L aws of Thermodynamics. — It should be
clearly realized that the law of conservation of energy, like the law
o conservation of mass, is a statement o experimental observa-
tions and in chemistry admits o no exception. All recorded
observations support the law within the unavoidable errors of
experiment; all deductions from the law have been amply verified.
Apparent limitations of the law have been brought to light by re-
cent physical research, and in particular through Einstein's famous
theory o relativity (g.v.), but in ordinary chemistry we do not
deal with atomic or ultra-atomic changes, but with molecular
rearrangements, and the laws of conservation of energy and mass,
as originally conceived, still hold good.

Reversible Chemical Reactions.— As the result of the large
number o experiments made by them, Thomsen and, later,
Berthelot expressed the opinion that heat of reaction must be
regarded as a measure of chemical affinity, and that every chem-
ical change tended to take a course which evolved the maximum
amount of heat. Berthelot in particular regarded this as a genera
guiding principle in chemistry, and impressed its importance so
much on others that it continued to be upheld long after Berthelot
himself had recognized its error. It is not easy now to redize
why this "principle" commanded such universal acceptance; sim-
ple physical transformations which took place spontaneously
either with absorption or evolution of heat, according to the cir-
cumstances, must have been familiar. For instance, water will
freeze spontaneously and in doing so will liberate thermal energy
if the temperature is below 0°. Above 0° ice melts spontaneously
and in doing so absorbs heat from its surroundings. Further, even
at the time Berthelot put forward his theory, there was a growing
recognition o the fact that many chemical reactions are revers-
ible, i.e., that they take place either in one direction (with evolu-
tion of heat) or in the opposite direction (with absorption of
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heat), according to the conditions of temperature and pressure and
the relative masses of the reacting substances. So long ago as
1801, the great French chemist Berthollet had introduced the idea
o "chemical equilibrium,” and in the same year that Berthelot put
forward his erroneous theory (1867) Guldberg and Waage pub-
lished their famous book on chemical affinity, which dealt with
reversible chemical reactions and in which they put forward the
law of chemical mass action.

Chemical Equilibrium.— Thislaw, in so far as chemical equilib-
rium is concerned, may be formulated as follows. Suppose chemi-
cal substances, Ai, A,, €tc., react to form By, By, etc. The reaction
tends to proceed until a condition of equilibrium is set up, gov-
erned by the equation

[Ad]X[Ad] X ete. _
[BiX[BoX etc.

where [A4], etc., represents the concentration of the compound Ay,
etc., in the equilibrium mixture. On the other hand, if the
compounds B; and B, are originally brought together, then the
reaction will proceed in the reverse direction with production of
A; and A; until the same condition of equilibrium is set up. The
value of the equilibrium constant K is itself independent of con-
centration— for example, in the case of gaseous reactions it is
independent of pressure—but it varies with the temperature.
Clearly such constants are of great significance in the study of
chemical affinities. If K is very small, then the affinity of A for
A,, etc., may be said to be very great, and the affinity of B: for
B,, etc., small, although not zero.

The important thing to notice is that every single instance of a
reversible chemical reaction really disproves the Berthelot prin-
ciple. Nevertheless, the principle has this much to be said for it,
that most chemical reactions which take place spontaneously at
low temperatures do so with evolution of heat, and that it is only
when the effects of high temperatures are studied that one becomes
really familiar with important reactions that take place sponta-
neously nith absorption of heat. There is one such reaction that
is made use of daily on an enormous scale for the production
of heat, namely, the reaction between steam and coke at a bright
red heat to yield "water gas," a mixture of approximately equal
volumes of hydrogen and carbon monoxide. As the reaction pro-
ceeds the coke cools, and at regular intervals it is necessary to
shut off the supply of steam and to pass air over the coke in order
to raise it again by combustion to a temperature sufficiently high
to alow the reaction with steam to continue rapidly 1t is true
that the cooling of the eoke during the passage of steam does not
entirely result from the chemica reaction, for it is partly ac-
counted for by the cooling effect of the steam itself, which is in-
troduced to the retort at a lower temperature than the coke. But
even if the steam were initially at the same temperature as the
coke, it would be found that the mass gradually cooled. The
spontaneous formation of nitric oxide by the passage of air through
an electric arc, a process by which nitric acid is manufactured on
a large scale, is aso accompanied by absorption of heat. Pure
nitric oxide, on the other hand. decomposes into its elements,
nitrogen and oxygen. at a somewhat lower temperature with evo-
lution of heat. Hydrogen and oxygen will combine explosively
and completely at low temperatures; but steam is found to decom-
pose spontaneously though not completely into hydrogen and oxy-
gen if it is heated to a temperature above 2,000 C., and heat is
absorbed during the decomposition. Clearly, therefore, the heat
evolved during a chemical reaction cannot give a direct measure
of the affinity of the reacting substances.

The first big practical advance that was made in the knowledge
of the relations between thermal changes and chemical affinity
was due to van't Hoff’s demonstration that the law of mass action
was a necessary consequence of the second law of thermodynamics
and o the quantitative connection between the value of the
"equilibrium constant” and the change in total energy due to the
reaction. The second law of thermodynamics, like the first, is a
statement of experience, perhaps one might say a collection of
interrelated statements of experience. The first law states that it
is impossible to create energy; the second law states that it is im-
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possible to convert the heat energy of our surroundings continu-
ously into useful work. The second law deals with a question
which the first law does not answer, namely, under what condi-
tions can heat energy be converted into useful work (that is to
say, mechanical energy). If heat energy passes spontaneously
from one body to another, the first body is said to be at a higher
temperature. It is a matter of universal experience that the re-
verse change, ¢.e., the passage of heat from one body to another
o higher temperature never takes place spontaneously. It is also
a matter of experience that any spontaneous process can be made
to yield a definite amount of useful work. For instance, the cool-
ing of afurnaceis a spontaneous process. By the use of steam and
suitably designed engines, it is possible to obtain useful work from
this process.

Carnot’s Definition.— The question how much useful work can
be obtained by the spontaneous passage of heat from one temper-
ature to another is of fundamental importance both in mechan-
ical engineering and in chemistry. Sadi Carnot, a young French
engineer, actually solved this problem in 1824 before the law o
conservation of energy was universally accepted He showed that
the maximum amount of work which can possibly be obtained
from the "spontaneous” transference of a quantity of heat Q
from a reservoir at temperature T, to another of the lower
temperature T, was Q(T1—7T:)/T;. It will be noted that Carnot’s
result involves a quantitative definition of "absolute™ temperature.
The so-called "thermodynamic scale of temperatures” which is
implicit in his result, is based on the behaviour of a perfect gas,
the energy content o which is independent of its volume and
dependent only on the temperature. The absolute temperature of
a perfect gas is defined by the fundamental gas law T'=PV/R,
where P is the gas pressure, V its volume, and R a constant. The
value of R depends on the units in which the pressure and volume
are expressed. Many gases approach very nearly the properties
of the imaginary "perfect” gas, particularly at low densities.

The next point of interest is that Carnot in deriving his result
imagined a perfectly frictionless engine, with a perfect gas as a
working fluid, taking heat from the high temperature reservoir (as
steam takes heat from a furnace), converting part of the heat
into work, and rejecting the rest to the low-temperature reservoir.
The argument is that such an engine will always yield the maxi-
mum amount of work, because if it isreversed, the expenditure of
work, only infinitesimally greater in amount than the engine yields
on the direct operation, will suffice to restore the heat from the
low temperature to the high temperature reservoir. For suppose
it was possible to make another reversible and frictionless engine
which was capable of converting a greater proportion of the trans-
ferred heat into work. Then it would be possible to use part o
the work yielded by this change to reverse the first engine, and
to restore the whole system to its original condition, leaving a
definite amount of work over which has been created out of
nothing. Thisis contrary to the first law. Hence we say that the
work that can be done by a perfectly efficient reversible engine or
process is independent of the nature of the process.

The Gibbs-Helmholtz Equation. — This conclusion leadsto a
mathematical expression of the first and second laws of thermo-
dynhmics in a form which can be applied to all chemical as well
as other phenomena. For if, instead of having a perfect engine
to transfer heat from the reservoir at 7447 to another at T, we
allow a chemical process to take place in the first reservair,
yielding a maximum amount of work A and absorbing heat from
the reservoir equal to @, and we then reverse this chemical proc-
ess in the second reservoir by the expenditure of 4—d4 of work,
we have gained an amount of work=d4, and if the process is
conducted reversibly this work must be equal to that gained by
any other perfect process; in other words, d4=¢-dT/T. But Q,
the heat absorbed, isequal (by the law of conservation of energy)
to the maximum work A, less the diminution in total energy U, i.e.,

dA=(4A-U)dT/T,
or A—U=T.dA/dT

This is the relation which was deduced independently by Helm-
holtz and Willard Gibbs. The quantity A is the maximum amount
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o work that can be obtained from a (reversible) chemical process
taking place spontaneously and at constant volume at the temper-
ature T; A4-dd4 isthework that would be obtained by allowing it
to take place at the same volume at the higher temperature
T4dT; and U is the diminution of total energy which corre-
sponds to the heat evolved when the reaction takes place without
the performance of any work, e.g., in a closed vessel. A is often
known as the decrease in free energy, to distinguish it from U,
the decrease in total energy.

The most direct use of this equation isfound in its application
to the electric cell or battery. For the electric cell isa contrivance
for converting chemical energy into useful work. If the cél is
reversible, the work will be the maximym obtainable from the
chemical reaction which is the source of the electric current What
we mean by a reversible cell is that, if a potential infinitesimally
greater than that yielded by the cell is applied to the electrodes,
the current will travel in the reverse direction in the cell and the
chemica reaction will be reversed. The lead accumulator is
nearly reversiblein this sense; so is the Daniell cell. The electro-
motive force of the Daniell cel is found to be 1.1 volts. For
every gram-equivalent of copper deposited and zinc dissolved
in the cell, an amount of work is done=EF, where F is the
quantity of electricity (96,540 coulombs) associated with one
gram-equivalent. These units can be expressed in calories; calcu-
lation shows that if E is the potential, the work done by the
reaction is 23,050E calories. Hence the work done by the Daniell
cell is 25,260 calories per gram-equivalent of copper deposited,
The heat of the reaction, when it takes place without performance
o work, is found to be 25,060 calories. Hence in this case
A=U nearly. We should find therefore that d4/dT, or dE/dT,
which is the change of electromotive force with the temperature,
is very small. Measurement shows that it is only o-oco034 volt
per degree.

Lord Kelvin put forward the view in 1851 that the electro-
motive force of a cell could always be calculated from the heat
of the chemica reaction, that is to say from the decrease in
total energy. This "law" involves the assumption that no chemical
reaction can be made to yield electrical energy unless it is ac-
companied by a decrease in total energy. It holds approximately
for the Daniell cell. and for others such as the standard Weston
cell. The Helmholtz equation shows that it can only be true when
the electromotive force does not change with the temperature.
We are familiar now with cells which yield an electric current
even if the chemical reaction is associated with an absorption of
heat; we know of cells the voltage of which increases with tem-
perature, and others in which it decreases. None of these cells
obeys Kelvin's law, but the behaviour of al of them can be
shown to be in exact accordance with the Helmholtz equation.
The study of electric cells provides the most interesting and exact
confirmation of the fundamental laws of thermodynamics.

The Van't Hoff Equation.— Apart from the combustion of
coa and oil, most chemical reactions interest us more from the
point of view of the nature of their products than from that of
the work obtainable from them. As all chemical reactions are in
principle reversible, and as many of the more important from
a practical point of view can be made to proceed in one or the
other direction according to conditions of temperature and pres-
sure, it is not only of theoretical interest but of great technical
importance to get an accurate picture of the relations between
chemical equilibrium and thermal changes. Van't Hoff succeeded
in doing this by calculating the maximum work that could be
obtained from a chemical reaction taking place between gases,
by the use of an imaginary "idea" process. By the application
o the second law two important results emerged:

(1) The law of mass action, first deduced from consideration
of molecular theory, was shown to be a necessary consequence
of the thermodynamical laws, that is to say, if a state of equilib-
rium exists between gases according to the chemical equation

mA+nB+ etc.=n\A’+n'B' T ete.+ U calories,
[A]m X[B]"’ N
lA']n'lx[B']n’zx ..

then =K.



THERMOCHEMISTRY

(2y The equilibrium constant K was shown to be connected
with the temperature and the decrease in total energy through
the equation

dlog, K/dT=U/RT*

In practical applications it is usually more convenient to express
the quantities of gases present inan equilibrium mixtureinterms
of their partial pressures instead of their concentrations. If
there are N molecules of gas present altogether in a mixture
which contains 4,
on, the partial pr

total pressure.

~f i i, s natha
hesyies mP/N, I(n,P/ N, ee? wrﬁerer’pagdt}slz

It issimple to show that

PRXPRX - o
PuixPrax .- 7

where P % represents the partial pressure of A, and the new con-
stant K,=K(RT) Z,, =, being the difference between the num-
ber of the reacting molecules and the total number formed by the
reaction: dlog,K,/dT=Q,/RT2. |t canaso beeasily shown that
where @, is now not necessarily the diminution in total energy
but corresponds to the heat evolved when the reaction takes place
at constant pressure, nithout the performance of any work other
than that caused by the change of volume, if any, associated with
the reaction. This equation is similar to that found to hold good
for the change o vapour pressures of liquids (and solids) with
the temperature, viz., d log, p/dT=\/RT?, where A is the latent
heat of evaporation of one gram molecule o the liquid or
solid.

Some Thermochemical Reactions. — The application of these
equations to chemistry inaugurated a new era, and led not only to
a rapid extension of knowledge of chemical reaction, but also
to the recognition of the connection between many apparently
diverse phenomena. Some illustrations of the use of the equations
will now be given.

Hydrogen and oxygen combine to form steam with evolution
of heat according to the equation

2H,40y=2H,04 116,000 calories.

If we start with 2 mols. of hydrogen and 1 mol. o oxygen,
then according to the law of mass action an equilibrium will be
reached when 2(1—=x) mols. of water vapour are formed, and
2 mols. of Hy and x mals. of O, are left uncombined. Supposing
the volume occupied is v, then the law states that at equilibrium

(Conen. of Hy)2X (Conen. of Og)
(Concn. of water vapour)?

2
(2\lx) X% x3 I
) %_2(1—.._’”)22 - (1—=x)? Xy=k&
v

Now at ordinary temperatures, the amount of hydrogen and
oxygen left uncombined is very small and escapes direct measure-
ment. As X is small, K is aso smal. But van’t Hoff's equation
shows that, as U is large and positive, log K, and therefore K, in-
creases with the temperature. Hence X increases with the tempera-
ture. In other words, water vapour will dissociate when the
temperature is raised.

This result may be generalized. All compounds which are
formed with evolution o heat tend to decompose when the tem-
perature is raised. The same applies to molecules such as Hp,
Oz, Ns, Cl, I,, etc.,, which are formed from their atoms with
evolution of heat. Conversely, compounds which are formed with
absorption of heat become more stable at high temperatures.
Nitric oxide cannot be made from nitrogen and oxygen at low
temperatures, but is formed when air is blown through an electric
arc. Hydrogen peroxide may be detected in an oxy-hydrogen
flame. Calcium carbide is formed in an electric furnace at a very
high temperature. If v in the equation given above is made
smaller, then x must also diminish, because X is constant. High
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pressure tends, therefore, to assist combination or to prevent
dissociation. This is the case whenever the reaction is accom-
panied by a decrease in the number d molecules. The synthesis
o ammoniais an important technical example. Here one molecule
of nitrogen combines with three molecules of hydrogen to form
two of ammonia, N.--3H,=2NH; The mass action equation is

2728 /4(1—x)? =K,
where x is the fraction of nitrogen left over. If the value of v

Is diminished, » must also be diminished, and the amount of

ammonia formed increases. As is well known, the commercial
success of the process depends on very high pressure being used.
If no change in the number of molecules is caused by a reaction,

v cancels out, and therefore an alteration in the pressure has
no effect on the equilibrium. If the number of molecules is in-
creased, v appears in the numerator instead of the denominator,
and an increase of pressure will then have the opposite effect.

The effects of pressure and temperatures on equilibrium can
be generalized in the statement that the equilibrium will always
adjust itself in such a way as to oppose a change in physical
conditions. If the pressure is increased, the equilibrium will shift
in the direction of smaller volume. When heat is added that
reaction will take place which results in an absorption of heat,
thus tending to stop a rise of temperature. The same applies to
physical processes. Water expands when it freezes; if we com-
press ice at the freezing point it will do its best to diminish its
volume by melting. Liquids always absorb heat when they
evaporate; if heat is added to water which is boiling at atmos-
pheric pressure, its temperature is not increased. All that hap-
pens is that it boils faster.

If a reaction between gases is studied experimentally at any
one temperature and pressure, so that the equilibrium conditions
are known, then the effect of a variation in pressure at that tem-
perature can be accurately calculated provided the mixture obeys
the "perfect gas" laws. If the heat of reaction is also known at
that temperature, then the equilibrium for any other temperature
not too far removed can be calculated from van't Hoff's equation.
For integration of the equation gives

log, K= —U/RT++constant,

if U does not change much with the temperature. Hence if K,
and K. are the equilibrium constants at temperatures 7, and 7,

loge K]/K2= U(I/Tz— I/Tl)/R
Gass and Solids.— Chemica reactions in which gases and

solids take part present features of special interest. To take a
simple example, carbon dioxide combines with lime to form cal-
cium carbonate with evolution of heat:

Ca0F CO, = CaCO;+442,500 calories.

solid gas solid
Now the pressure of saturated vapour above any solid or liquid
is independent o the amount of solid or liquid present, unless
the amount is very minute. If a closed space contains carbon
dioxide gas, in the presence of solid calcium oxide and carbonate,

there will be an equilibrium in the gaseous phase governed by
the relation

(Concn, o CaO vapour) X (Concn. of COs) K

(Concn. of CaCO; vapour) T

As the concentrations of the vapours o the two solids are
constant (though extremely small) at any given temperature,
it follows that the concentration of carbon dioxide must aso be
constant. |n other words its pressure is constant. Above a mix-
ture of calcium oxide and carbonate we have, therefore, our
apparent "vapour" pressure of carbon dioxide, which varies with
the temperature.

The heat of the reaction is analogous to the heat of evaporation
of any solid or liquid, and if P is the "vapour" pressure, which
is called the dissociation pressure in this and similar cases,

dlog,P/dT=Q/RT?,
where Q is the heat of reaction, i.e., the heat absorbed on dis-
sociation of 1 gram-molecule, and includes the work done against
atmospheric pressure by the evolution of 1 gram-molecule of
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carbon dioxide. The dissociation pressure, like the vapour pres-
sure of liquids, increases with the temperature. At a high tempera-
ture, about goo°® C, the dissociation pressure is equal to ordinary
atmospheric pressure. If the carbonate is heated above this
temperatureit is converted into lime and carbon dioxide is rapidly
evolved.

If other carbonates are examined it is found that the tempera-
ture at which they are converted into their oxides varies directly
with their heat of dissociation as the following table shows:

Substance Heat o dissociation| Temperature
cas. °C.
Silver carbonate 20,100 223
Lead carbonate .. 22,600 302
Manganese carbonate 23,500 ca 330
Calcium carbonate 42,500 goo
_ Strontium carbonate 55,800 1,150

On similar reasoning, it may be shown generally that in all
reactions in which gases and solids take part, the equilibrium
conditions only take account of the gases. For instance, when
carbon dioxide is passed over red-hot coke it is converted into
carbon monoxide with absorption of heat, C4CO;=2C0O — 38,500
calories. The equilibrium condition is

Poo/Pooz=K or d logcKp/dT =38,500 RT?
from which it can be deduced (a) that the ratio CO/CO; in the
gas mixture at equilibrium is constant if the temperature and
pressure are constant; (b) that if the temperature is kept con-
stant, and the pressure is increased, the proportion of carbon
monoxide in the mixture goes down; (c) that if the temperature
is increased, the proportion of carbon monoxide goes up.

In the blast furnace, air is blown through a white-hot mixture
o oxides of iron and coke, and the carbon monoxide formed by
the combustion of coke reduces the oxides to metallic iron. The
exit gases must contain a large proportion o carbon monoxide
to carbon dioxide, corresponding to the equilibrium conditions
which obtain near the cooler top of the furnace. It was at one
time thought that by building furnaces higher, the period o
contact between the gases and the ore would result in a greater
measure of reduction, a diminished proportion of carbon mon-
oxide in the exit gases, and consequently a smaller consumption
of coke per ton of ore reduced. Attempts to achieve these re-
sults, by building furnaces as high as o0 ft., failed. AsLe Cha-
telier pointed out, if there had been a better acquaintance with
the laws of chemical equilibrium, these experiments would have
been unnecessary. It was an expensive, although no doubt an
instructive, method of proving the correctness o one of the de-
ductions from the second law.

Heat and Velocity of Reaction.— These examples will suffice
to indicate how the quantitative application of simple fundamental
thermodynamic principles has been successful in reducing to
order an enormous range of observations on chemica reactions
apparently very diverse in character. It has also given the
chemical engineer the power to calculate the conditions for achiev-
ing the maximum technical success in the conduct of any chemical
manufacture on the large scale. 'Unfortunately, though the ap-
plication of thermodynamics has been so successful in the study
of chemical equilibrium, it has as yet taught us nothing about
the rate at which equilibrium is attained, or, in other words,
about the rate of chemical reaction. There seems to be no direct
connection between the rate of a reaction and either the heat
evolved (change in total energy), or the maximum work d the
reaction (change in free energy). Hydrogen has a great affinity
for oxygen, and much heat is evolved when they combine; yet
a mixture of them can be kept for an indefinite period of time
at the ordinary temperature without a trace of combination.
Nitric oxide is an extremely unstable substance at low tempera-
ture; on thermodynamical grounds we should expect that only
an infinitesimal amount of it would be in equilibrium with
nitrogen and oxygen at the ordinary temperature; yet it is so
difficult to decompose by heat that even at goo® C it only de-
composes slowly. Ammonia becomes progressively less stable
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as the temperature is raised. Thermodynamics indicates that
in order to obtain high yields, its synthesis from nitrogen and
hydrogen should be conducted at as low a temperature as pos-
sible. The reaction is, however, so slow that technical manu-
facture only becomes possible at temperatures so high that the
yield of ammonia at atmospheric pressure is extremely small.
The ill effects of the high temperature have to be counter-
balanced by the use of high pressures. Nearly al gas reactions
take place extremely dowly unless the temperature is very
high. Nearly al, too, take place more quickly in the presence
o certain solids called catalysts. The nature o the catalyst
to produce the best results varies with the nature of the reaction,
and though many theories have been put forward to account
for their action, there is no general theory which has been suc-
cessful in predicting anything— which is the ultimate test of the
real vaue o a theory.

Free Energy. — The second law of thermodvnamics deals with
changes in the free energy of a system. A system only possesses
"free energy"” when it is capable of doing work. It isonly capable
o doing work if it will change spontaneously into another system
o greater stability. Only an unstable system has free energy.
A stable system can be changed into an unstable system by the
performance o work, or by the transference of free energy
from another system. The whole o life, and o civilization as
we know it, depends on thermodynamic instability; as Boltzmann
(1886) put it, the struggle for-existence is a struggle for free
energy available for work. Nearly all manufacturing processes
depend essentially on using the free energy stored in coa to
convert a useless stable system into a useful unstable system.
For instance, the synthetic manufacture-of fertilizers depends
essentially on the use of a small part of the free energy available
when coal is burnt, to convert the stable system nitrogen--water,
into the unstable system ammonia+oxygen. The ammonia in
various forms can be made use o to fertilize plants, i.e., to in-
crease the free energy in the plant world which the animal world
can convert again into useful work. The enormous amount of
energy which the earth continuously receives from the sun is
theoretically almost completely available for useful work, for
the energy leaves the sun at a temperature over 8,00c° and is
finally dissipated into space at a temperature of about 300° Ab-
solute. Calculation shows that the energy so received is at least
a million times greater than the energy given by the world's
power plants. But unfortunately we know of no means for making
use of anything more than a minute fraction of the sun's energy.
A very small part of it is converted into mechanical energy by
water power plants; another very small part is used by the plant
world to build up "unstable™ organic compounds, and thus to
supply the free energy available in food. One of the chief tasks
o the scientist of the future will be to devise means for con-
verting into useful work, or storing, a greater part of the energy
received from the sun. The second law shows that this should
be possible. If he does not succeed the advance, and even the
maintenance, o civilization may be impossible when the energy
stored in coa through the agency of the plant world in past
ages is exhausted.

The Third Law of Thermodynamics. — It has already been
pointed out that although the Gibbs—Helmholtz equation enables
us to calculate from purely thermal data the change in any
equilibrium with the temperature, it does not give any informa-
tion on the actual value of the equilibrium constant unless this
is already known from experimental observations under one set
o conditions. To obtain the actual value from purely thermal
data, it is necessary to integrate the fundamental equation
d log.K/dT'=U/RT? and integration introduces an unknown
integration constant.

In 1901 Nernst advanced a method of evaluating this constant,
and his theorem is often referred to as the "third law™ of thermo-
dynamics, although its universal applicability is still open to some
doubt.

In Condensed Systems.— Nernst postulates that in the case of
chemical reactions in condensed systems, i.e., reactions in solids
or between solids and liquids, not only does A become= U at
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absolute zero (T=0), as is required by the Gibbs-Helmholtz
equation, but that they both reach their fina (equal) vaue at
temperatures not far removed from the absolute zero. I1n mathe-
matical language, dA/dT=dU/dT =0 when T=o0. Now dU/dT
is equal to the difference between the sum o the molecular heat
capacities (C) o the reacting substances and of the products.
Since it is found by experiment that the specific heats of sub-
stances can be expressed with sufficient accuracy by equations of
the form Co=a+bT+cT?*+ etc. it follows that U can dso be
expressed in the form

U=Uy+aT+pT*+vT3+ . . .
But if dU/dT'=0 when T==o, it follows that a=o0, or
U=Us+BT* 4T
If thisexpressionfor U issubstituted in the fundamental eguation
A—U=T.dA/dT, it followsthat

A= Uyt al—pT2— 32-’ T3—etc.

where ais an unknown constant. But if d4/dT=0 when T=o0,
as Nernst postulates, a must also be equal to zero, and therefore

A=U,—pT?*— 12’ T3 —etc.

Hence if the heat of reaction, and the specific heats of the sub-
stances taking part in the reaction are known, it should be
possible to calculate A for any temperature.

Consider such a change as the melting point d a solid, or a
transition from one modification to another such as the change-
from rhombic to monoclinic sulphur. Then at the temperature
when the solid and liquid, or the two forms o solid, co-exist in
equilibrium, 4, the work obtainable from the change, is zero. If
we know the heat o the reaction at this temperature (latent
heat), and if we know the difference between the specific heats
o the two forms over a wide range of temperature. we can
express U in the form

U=Uo+BT+~T%+ ...
and therefore T, the temperature where 4=0 (melting point, or
transition point), is given by

Uo=pT*+ L T34 - -«

Nernst has shown how the transition point of sulphur can be
calculated in this way from purely thermal data.

The difficulty of applying the theory to a wide range o such
reactions is due to the fact that the all-important knowledge o
the variation o specific heats with temperature is still lacking
in the mgjority o cases; only in the case o regularly crystal-
lizing elements do we now know the relation accurately. Theory
is insufficiently advanced to guide us in the other cases, and
accurate experimental work over a great range d temperature is
extremely difficult as well as laborious. Nevertheless the appli-
cation of the Nernst theorem to many different types o con-
densed systems has been so successful, and the theorem itsdf is
supported in so many other indirect ways, that there is little
doubt as to its essentia truth.

In &S Reactions.— It is, however, in its extenson to gas
reactions that the Nernst theorem has won its most significant
successes. If we substitute for U in the van't Hoff equation, the
expression

U=Uot+aT+BT+

dlogeK il
we get —§E+RT+R+
Integration gives
log, K= — U" +°‘1 g€:r+@r +I,

where | is an unknown integration constant. Since the vapour
pressure (p) of aliquid is similarly connected with the latent
heat (M) by the equation dlog,p/dT=X/RT?, we can also write

87
log.p=— %—F%logeT'l'%’T—i—etc.'l'i,

where ¢ is the unknown integration constant of the vapour
Pressure curve.

Nernst shows that a consequence o1 his fundamental theorem
isthat I =Zni, where z is the number d molecular species taking
part in the reaction; that isto say, if the reaction is

A+B+C+ etc. = D+E+F+ etc.
I=’I:A+i3+1:c+ PR

Thisisa most important advance, for it means that it is possible
to calculate any equilibrium between gases, provided the heat
o the reaction is known, and the vapour pressure curves of the
molecular species taking part in the reaction.

I n the absence d sufficiently accurate data to make the strict
application of the Nernst theorem possible, except in a very small
number o cases, Nernst has also developed an approximation
formula which is of great practical use. It depends on the fact
that the vapour pressure d most substances can be represented
sufficiently accurately by the equation

then —ip—ig—1ig . .. ctc.

0 8T

logio p 7T+I 75 logieT +57 +C
C, the so-called conventional chemica constant, isitself found to
be approximately o-t4 N/To, where X is the latent heat at the
boiling point 7°s. For most substances which are liquid at the
ordinary temperature, \/T,=22 approximately, and therefore
C=3-1. Only afew substances give valuesfor C under 3; mainly
they vary between 3 and 3.5.

On the basis o this semi-empirical vapour-pressure equation
the corresponding formula for gaseous equilibria becomes:

logioKp= — + Zn-1-75logeT + Zg— T4+2ZnC

_Op
4577
which may as a rule be further simplified by omitting the term

B -
—— T, thus giving:
4'57 aving

: O»

K .
logoKp == 5T
Now it isnot pretended that an equation of thisformrepresents
actual results with accuracy. Itsclaim o utility is that it is
based generally on correct principles, and that in actual practice
it represents with considerable success the effect of temperature
on chemical equilibria. A few examples will show how this claim
is borne out.

(a) Consider the reaction:

2C040,=2C0,+ 136,000 calories.

K,,the equilibrium constant, is Péo X Po:/ Péo:, where Pgo, €tc.,
represents the partial pressure of CO, etc., in the equilibrium
mixture. Q, , the heat o reaction at constant pressure and room
temperature, is 136,000 calories. Z#z is the difference between
the number o molecules on the left and right hand sides o the
chemical equation, i.e., Zn=1; ZnC is twice the chemical con-
stant o CO plus the chemical constant & O, minus twice the
chemical constant o CO,, i.e.,

ZnC=2X354+28—2X32=34.

136,000
4577

~ logKy= — +1-7 slogT+34.

At 2000° Abs. K, calculated from this equation is zXzo™®
whereas the most recent resultsindicate that thisval ueisreached
at 2,020° Absolute. When CO, is half dissociated, there are o5
moleculesd CQ,, o'5d CO, ando 25 d O, present at equilibrium.
If the total pressure is 1 atmosphere, the partial pressures of
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CO and CO; are

<

0.5 .
I.

1.28
K,=0.2. The corresponding temperature is calculated from the
above equation to be 2,930° Abs., whilst the temperature actually
observed is 3,100°.

(b) If the reaction brings about no change in the number of
molecules, the second term of the equation vanishes, and the
third usually becomes very small. For instance

2NO=N,;+0,+43,200 cals.

atmos., and of Og,

Zg atmos.; therefore,

— P:IO — _43,200 = _2__i‘4 °
=log Py, X Po, - 4.'57T+I'6 T +16.

This shows, in accordance with observation, that only at very
high temperatures are appreciable quantities of nitric oxide
formed from nitrogen and oxygen.

(c) If on the other hand, the change in the number of mole-
cules is big, then the first term of the equation may be o little
influence. For instance, the probability o a high-boiling paraffin
hydrocarbon being formed from hydrogen and carbon can be
calculated:

and logK,

nC+ (n+ 1)H,=C,Hsn42+Q calories.

Thomsen's experiments have shown that the heat of formation of
such a hydrocarbon from its elements is given approximately by
Qp=(7n+15)1,000. AS the chemica constant of H: is 1.6, and
of CnHjnse about 3.0 we have

n+1 .
Phy IOoo(‘m_*-IS)-’;—nX 1.75logT'+1.6n—1.4.
Peuypis 4.57T

logKp=1log

Suppose T=773°, i.e., 500° C. Then
Pyt

log
PanB»-O-z

= —1.98n—4.24+5.06n+1.6n—1.4=4.68n—75.64.
If »=1, ie., if the hydrocarbon formed is methane, CHy, then

2 .
Hy

Pon, Pcn,

=0.I1I

from which it can be calculated that if hydrogen is passed over
carbon at s0c° C., the issuing gas should contain about 70% o
methane if equilibrium is reached. Experimental results agree
quite well with this. If, however, n=7, i.e., if the hydrocarbon

is heptane, C;H;,, which boils at about 100° C., log—=—2- is
CrHyg
8

over 27, or —I:‘-‘L is over 10%", which means that the amount o
7H18

heptane formed at atmospheric pressure will be quite negligible.
All the higher liquid hydrocarbons, such as occur in natural
petroleum oil, are thermodynamically unstable at ordinary tem-
peratures. They tend to pass into carbon and methane, but the
velocity of this reaction at ordinary temperaturesis very slow. If
they are heated, however, they are "cracked"; hydrocarbons
of lower boiling point, such as occur in petrol, are formed, and
coke and gas are formed at the same time. If the cracking is
continued for a long time at atmospheric pressure, the whole
liquid forms into coke and gas (mainly methane). But high pres-
sure tends to prevent the formation of gas and coke, and to give
therefore a higher yield of "petrol.” This isin complete genera
agreement with the Nernst equation, which enables us to predict
approximately the conditions for the best technical success.

The further development of the third law, and its quantitative
application to chemical problems depends on the provision o
accurate data on the specific heats of substances over a wide
range of temperature. The increase in the specific heat of gases
as the temperature is raised lacks at present any sound theoretical
explanation. The classical kinetic theory of gases does not ac-
count for it, and the more recent developments of the quan-
tum theory have hitherto failed to be of assistance. But there
can be little doubt that the third law provides in principle a
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complete explanation of the connection between chemical equilib-
ria and the thermal changes associated with chemical reactio)ns.
(H.T. T

THERMODYNAM CS. The name thermodynamics (from
Gr. fepuds, hot, 6dvauts, power), was originally given to the
branch o science dealing with the motive power o heat, or the
transformations of heat into mechanical work, or vice versa. A
summary of the historical development of thermodynamics from
this point of view is included in the article HEaT. Further illus-
trations relating to heat-engines will be found in the articles
INTERNAL COMBUSTION ENGINES and Steam : Steam Engine. The
subject was soon extended to include other applications of the
same general principles: (1) the conservation of energy, and (2)
Carnot’s principle of the reversible cycle, which are commonly
known as thefirst and second laws of thermodynamics. The pres-
ent article is intended to deal mainly with applications of these
principles to the relations between the physical properties of a
simple substance. Further applications to physical chemistry,
dealing with the conditions of equilibrium between different sub-
stances, are dealt with in a separate section.

THERMODYNAMICS AND HEAT ENGINES

Definitions of Symbols.— The principal physical properties
o the working fluid with which we are concerned in the case of
heat-engines are the specific volume V, the intrinsic energy E,
the total heat H and the entropy ®, all of which are measured per
unit mass of the substance considered. The laws of thermo-
dynamics require certain general relations between these prop-
erties and their derivatives, as affected by additions of heat Q per
unit mass, or by variations in the imposed conditions of tempera-
ture T and pressure P. 1t should be observed that in al these
relations P is the absolute pressure and not the gauge-pressure;
and that T is measured on the absolute scale, as defined by
Carnot’s principle which differs very little from absolute tempera-
ture on the scale of a gas thermometer. Temperature measured on
the same scale from 0° C. is denoted by t, so that T=¢+273.1°.
The total heat H is defined as E+4aPV in thermal units, including
the equivalent aPV o the work PV done by the pressure P on
the volume V of unit mass. The entropy ® of a quantity of heat
Q supplied at a temperature T is defined as Q/7. The entropy
o asubstance per unit mass is the property which remains con-
stant in adiabatic expansion, when no heat is supplied by friction
or otherwise, as will be more fully explained in a later section,
in connection with the second law of thermodynamics.

Applications of the First Law.—The intrinsic energy E
denotes the quantity of energy existing in unit mass of the sub-
stance in any given state, which may in general be specified by
its volume V and temperature T. We have no means o meas-
uring the total quantity of energy contained in any body in a
given state, but it suffices to be able to measure changes o E
from any convenient state E, selected as the zero. Any such
change from E, to E may be measured by observing the quan-
tity of heat Q required to produce the change and the work W
done by the substance per unit mass in the process. Assuming
that no energy is lost, the application o the first law to this case
gives the obvious relation

Q=E_TE0+'W/J- ) (1)

In any equation of this kind it is tacitly understood that all the
terms are reckoned per unit mass o the substance, and are
expressed in terms of the same units, either units of work or
units of heat as desired. The general practice in dealing with
heat-engines is to measure Q, E, and H in thermal units per unit
mass, and to reduce W to thermal units by dividing by the
appropriate value of the mechanical equivalent J. In nearly all
cases W represents work done by expansion V-V, against a
uniform pressure P, in which case W=P(V—V,), if P remains
constant during the expansion, and equation (1) takes the form

Q:E—E,+aP(V—VO):H—H,atconst. P, (2

where the total heat H is defined as E T aPV, and a is the factor
required for reducing PV to heat units per unit mass. The factor
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required for this purpose in practice is seldom 1/J, because
pressure-gauges are never graduated in lb./sq.ft. or kg./sqmi.,
but often in arbitrary units such as inches d mercury.

Specific Heats.— If the heat Q is added at constant volume,
V=V,, and W=o, s0 that Q=E—E,. If T—T. is the rise of
temperature, we observe that the increase d E per degree at
constant volume V. isequal to Q/(T—T,), which is by definition
the specific heat s at constant volume. Similarly (H-—H.)/
(T—T,) from (2) is equa to the specific heat S at constant
pressure. Thus the values of E along a line of constant volume
on any diagram may be found from observations o the specific
heat s at constant volume. Similarly values o H aong a line of
constant pressure may be deduced from observations o the
specific heat S av constant P.

Thus H—H,=S(T—T,) at const. P,
and E—E,=s(T—T,) at const. V. (3)
These simple relations between H and S, and E and s, are
exact for all substances at all temperatures in consequence o the
definition of H, and are often very useful. But the specific heats
S and s may vary widely with temperature and pressure, in
which caseit is usually better to measure H or E directly, in place
of trying to deduce them from empirical formulae for S or s.
I'n the case of solids or liquids, since V is small and varies little
with T, the variation of E at constant pressure, such as atmos-
pheric, does not differ appreciably from that o H. But the
variation of H at constant volume may greatly exceed that d E
under the same condition on account of the high pressures
developed. In practice it is usually preferable to measure the
value of H and deduce that of E, if required, by subtracting aPV.

Application to Gases.--In the case o ideal gases obeying the
law aPV =RT, it follows directly from the general relations (3)
that the difference S—~s is constant and equa to R. It will be
shown later that the specific heats of such gases cannot vary with
pressure, though they may vary considerably with temperature,
while the difference S— s remains constant, as in the case of
hydrogen. (See HeaT.) On the other hand, vapours, like steam,
though they usually approximate closely to the law aPV =RT at

low pressures, show large deviations from the gas-laws at high
pressures near saturation, and the value of S shows a wide range

of variation with pressure, especially near the critical point.
Fortunately these variations can be deduced from the thermo-
dynamical relations given in a later section o this article.

Cycleor Cyclical Process.—-The application d the first law,
as expressed in (1), to the cycle of a steam-engine, in which the
working fluid is restored to its initial state of water at each
repetition of the cycle, is fully considered in the articles aready
referred t0. Briefly stated, if E=E. at the conclusion of the
cycle Z,, it follows from (1) that the algebraic sum ZQ d al
the quantities of heat Q received and rejected by the working
substance during the cycle must be equal to {he net balance of
work done by the engine per cycle, work done by the fluid in
expansion being reckoned positive, and work done on the fluid
in compression being reckoned negative. With this understanding
the formula for the cycle may be expressed as follows,

2Q=ZW=JPdV. (4)

In an ideal reversible engine, in which no heat is lost and no
work is wasted in friction, the area of the cycle on the PV dia-
gram, expressed by the integral of PJV taken round the cycle,
will represent the maximum work obtainable from the cycle
considered. In any actual engine some o the heat received by
the working fluid is lost before it has contributed its full quota
of work, and some of the work done is reconverted into heat
by internal friction and is rejected in the form of heat. If the
properties of the working fluid are known, such losses may be
estimated in the reciprocating engine by comparing the idea
diagram, as calculated, with the actual diagram as observed with
theindicator. (See Steam: Steam Engine.) In the case of atur-
bine, to which the indicator method is inapplicable, it is necessary
to use a different kind of diagram, or the ideal output may be cal-
culated from the properties of the working fluid, and compared
with that actually realised.
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Frictionless Adiabatic Expansion.— The term " adiabatic"
implies that there is no gain or loss of heat by the working fluid.
Putting Q=0 in (1) we see that in this case E— E, must be
equal to —W/J, or the intrinsic energy of the working fluid is
diminished by an amount equivalent to the work done. If no
work is wasted in friction, this represents the most efficient
method of conversion of heat into work, which is the ultimate
aim o every heat-engine. To calculate the work done from the
integral of PdV under this condition, it is necessary to know the
form of the expansion curve on the PV diagram, or the adiabatic
equation representing the relation between P and V for the
working fluid employed, which requires an appeal to experiment.
Watt made the first experiments of this kind with his indicator,
but found the expansion curve for a dow speed engine using
wet steam to be approximately PV = constant, the same as Boyle's
law for the expansion of a gas at constant temperature, whereas
the fall of pressure in adiabatic expansion should have been
more rapid than that given by Boyle's law owing to the fall of
temperature. Watt was well aware that this anomaly was due
to partial condensation of the steam on admission by the cool
walls o the cylinder, followed by re-evaporation towards the end
of the stroke, which made the conditions far from adiabatic.
Laplace subsequently showed (see HeaT) that the rate of drop
o pressure dP/dV in the adiabatic expansion of a gas must
exceed that for the same state at constant temperature, in the
ratio, S/s=-, of the specific heats. Assuming Boyle's law for a
gas at constant temperature, and y =constant in adiabatic ex-
pansion, it followed that the adiabatic equation must be of the
form, PV¥ = constant for a gas.

The adiabatic equation of Laplace and Poisson for a gas, was
established long before the first law of thermodynamics was
formulated, and has proved to be the most convenient type of
equation for the purpose. But with the assistance of the laws
of thermodynamics, the scope of the adiabatic equation in this
form may be considerably extended. Thus with the assistance
o the first law, in the form in which it is usually employed for
mathematical purposes, namely

dQ=dE+aPdV=dH—aVdP
the adiabatic equation, PV = constant
general'ly to any kind of s.ubs'ta,n‘ce, not necessarily a perfect gas.
for which the change of intrinsic energy in any transformation
is proportional to that of aPV; or more generally thatit will be
of the form P(V —b)” =constant, provided that the expression
for the intrinsic energy E satisfies the condition,

E—B=naP(V—b)

()
’ may be shown to apply

(6)

in which B, b, and 7 are constants depending on the substance,

and y=1+1/n.

To prove this relation, we put dQ=o0 in (5) as the general
condition for the adiabatic, and equate dE as obtained from ?"63
to —aPdV, which gives,

an(V —b)dP+a(n+1)PdV =o. n

Dividing by aP(V —b) and integrating we obtain
n log P+ (n+1)log(V —5) =constant (8)

which when put in the exponential form becomes
P(V —b)n*1/n=constant. (9)

I't will be observed that the value of the index y is constant, and
is not necessarily equal to the ratio of the specific heats, which
may vary widely with pressure. This is fortunate, because an
equation o this type is o little practical use if the index is
variable.

With the assistance of the second law of thermodynamics in
addition to (s5) and (6), it will be shown in a later section that
the same adiabatic, (9) may be put in either of the equivalent
forms

P/T»*'=constant=%; or (V—b)T#=constant=%, (10)

and that P(V —b)/T = kik:=constant, along an adiabatic, though
it is not necessarily constant under other conditions.
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Experimental Verification of the Adiabatic.— The most
direct way of testing the adiabatic equation is to use a cylinder
containing a constant charge of gas or vapour which is alternately
compressed and expanded by a reciprocating piston. Indicator
cards give fairly accurate values of the actual volume and pres-
sure, if the clearance is carefully measured, the pressure scale
calibrated, and everything in perfect adjustment. But in working
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over large ranges of pressure, as is necessary for a satisfactory
verification, there are formidable difficulties due to the wide
variation of heat exchanges between the charge and the walls
of the cylinder at different points of the stroke. These effects
are further complicated by accidental leakage past the piston,
and, in the case o steam, by the risk of condensation, both of
which affect V indirectly by reducing the apparent mass d the
charge. The most complete method of eliminating these uncer-
tain sources of error, which profoundly affect the uniformity of
V throughout the cylinder, is to observe, instead of the relation
between P and V, the relation between T and P, as given by the
adiabatic equation in the form (zo0), deduced from the second
law. In this case the temperature observed in the middle o the
cylinder will be practically unaffected by the action o the walls,
and is determined solely by the actual pressure as observed with
the indicator. We are no longer concerned with the theoretical
pressure, corresponding to the compression ratio by volume,
which might be realized in the absence of condensation or lesk-
age or heat-loss to the walls. These effects will still reduce the
observed pressure below the theoretical value, but will not affect
the relation between pressure and temperature. The success of
the thermometric method depends on the construction o a ther-
mometer sufficiently sensitive to follow the rapid variations of
temperature without appreciable lag, and on obtaining simul-
taneous readings of the relative values of the pressure with the
same order of accuracy at the maximum and minimum points of
the cycle. It is easy to cover the range of temperature with a
single thermometer, but, the pressure range being upwards of
10/1, It iS necessary to use a separate indicator with a light
spring for the low pressures. Applied in this manner the method
is particularly suited to give the best average value of the index
over large ranges of pressure and temperature. The procedure
may be varied when it is desired to obtain the value of the index
at some particular point of the scae, e.g., at high or low tem-
peratures.

The annexed figure 1 shows one of the thermometers employed
for this purpose, mounted on the piston of a steam-engine for
observing the adiabatic relation between P and T for dry steam.
The sensitive portion of the thermometer consisted of a differ-
ential loop L of fine platinum wire a thousandth of an inch in
diameter and 1 inch in length. The fine wire was connected to
thick platinum leads, insulated by being fused through a glass
tube MM held in a'gland in the centre of the piston. The
platinum leads in the glass tube were connected to insulated
copper leads, which were carried out to the measuring apparatus
through a hole 2 ft. long bored through the piston rod. Since
the ends of the fine wire, where it is attached to the thick
platinum leads, cannot follow the rapid variations of temperature
of the steam, it is necessary with this type of thermometer to
compensate these end-effectsby connecting a short loop of the
same fine wire to the ends of the compensating leads CC, The
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quantity measured being the difference of resistance of the long
and short loops, all such end-effects are automatically eliminated.
Readings of temperature were taken with the aid of a periodic
contact (mounted on the revolving shaft) which could be ad-
justed, while the engine was running, in such a way as to close
the circuit of the galvanometer at any desired point of the stroke.
It was found possible to read the temperature to one or two
tenths of 1~ C at the maximum and minimum points, with the
engine running at 1oo rev./min. and a range of temperature of
about 300° C between maximum and minimum. Readings taken
at intermediate points, where the temperature was changing at
the rate d mecre than so0® C per second, showed very good
agreement, but could not be utilised in the calculation because
the simultaneous values of the pressure could not be located with
sufficient accuracy on the steep part of the indicator curve,
whereas the maxima and minima could be measured with the
greatest precision. The ports o the cylinder used in these experi-
ments were caulked with lead to prevent leakage, and the cylinder
was heated by steam in the jackets and steam-chest to minimize
condensation. The flywheel was belted to an electric motor and
driven at a steady speed by a large storage battery. The observa-
tions covered a range of temperature from 100° to 420° C, but
could not be extended beyond 150 lb. pressure by this method,
owing to deficient strength of the engine and driving gear. The
results obtained with several different thermometers and indi-
cators, showed that the adiabatic index for steam must be very
nearly constant over this range o pressure and temperature
with a value given by n+1=13/3 in (10), or y=r1.300 in the
relation (g9) between P and V. Recent observations on the total
heat A up to 4,000 Ib. pressure, have shown that the same rela-
tion holds for dry steam with remarkable accuracy in the critical
region, in spite of enormous variations in the ratio of the specifie
heats. The importance o this result in practice lies in the fact
that it gives a very simple expression (6) for E or H in terms of
PandV, or for Vinterms o H and P, in addition to giving the
simplest possible expressions for the work done in adiabatic
expansion, or for the discharge through a nozzle, the utility of
which can hardly be exaggerated in practical thermodynamics.
Similar relations, but with y=1.40 or #=25, have long been
applied to the case of atmospheric air, which forms the chief
constituent o the working fluid in the internal combustion engine.
But in the case of air the application is much more simple and
obvious, because air obeys the gas equation PV =RT very
closely, and its specific heats vary very little with pressure under
ordinary conditions.

The Energy Equation in Steady Flow.— The flow of a fluid
through a pipe or any closed apparatus, is said to be " steady"
when the mass M per second passing any cross-section X is the
same at every point, and remains constant during the flow. This
implies that the fluid is supplied at a steady rate by some external
agent (e.g., a pump or boiler) at a constant pressure and
temperature, in which case the whole apparatus traversed by
the fluid will soon settle down into a steady state in which the
vaues of P, V,and T remain constant at each point, though they
will not be the same at different points, if the section X varies
from point to point, or if the fluid receives heat or does work
at a steady rate during its passage. It follows from the law of
conservation of mass that, when the massflow M is constant
at every point, thevelocity U of thefluidat any section X is given
interms of V by the relation

U=EMV/X (x1)
where k is a constant depending on the units employed.

A second relation follows from the law of conservation of
energy, since the energy existing in any section must remain
constarit when the conditions are steady. The total energy carried
into any section by the fluid per unit mass in thermal units will
consist o its intrinsic energy E’, together with the equivalent
aP'V' o the work done by the pump, and with the kinetic energy
o flow, K’=U?/2/g, reduced to thermal units by the factor
1/Jg. Thus the total energy carried in by the fluid may be
represented briefly by H'+K'.  Similarly the total energy carried
out of the same section by the fluid may be represented by
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H”+4K”. But with the energy carried out we must include the
equivalent W/J o any work done by the apparatus, and any
heat Q lost by radiation or convection, both measured per unit
mass of the fluid passing through. Collecting the terms, the
genera equation may be written

H—H =K’ —K+W/I+0. (12)

The steam-turbine may be taken as a typical example. H’—H”
represents the drop of total heat of the fluid, or more briefly
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the 'Heat-drop," between the inflow and outflow of any section.
In an efficient machine, this heat-drop is very nearly equivalent
to the external work W done by the steam on the revolving blades.
The external heat-loss Q is a small percentage o the whole. The
kinetic energy K” o the steam leaving the section usualy ex-
ceeds K', that of the steam entering and K”—K’ represents a
similar percentage loss. The greater part of the lossin a turbine
is that due to internal friction, by which part o the available
kinetic energy is reconverted into heat. This part of the lossis
included in the total heat H" carried out by the steam. If there
were no friction or heat-loss, the drop o total heat, representing
heat converted into kinetic energy or work, would be that obtain-
able in frictionless adiabatic expansion between the same limits
o pressure, which may be found from the tables and compared
with the actual performance to estimate the efficiency. The
method of doing this will be explained later, when some d the
simpler applications of equation (12) have been illustrated.

The Throttling Method.— The function o a throttle, or re-
ducing-valve, is to regulate the flow, or change the state d the
fluid, by lowering the pressure without altering the total heat.
The throttle, having no moving parts, cannot do any external
work, so that W=o0 in equation (12). In this case, most d the
kinetic energy is reconverted into heat by friction, so that X~
can be made nearly equal to K' under favourable conditions. The
equation then reduces to the form

H'=H"+Q (13)

The chief use of the equation in this form is to find the value
of the total heat H' at a high pressure by throttling to a lower
pressure, such as atmospheric, and observing the temperature 7.
The total heat H" at the lower temperature and pressure mav be
regarded as known by equation (3)-interms d the specific heat
S. Thus the required value of H at T and P is given by (13)
if the heat-loss Q can be determined. The best way o doing
this is to employ a differential calorimeter as shown in fig. 2
The high pressure steam enters the centre pocket at the back
and circulates round the thermometer tube (A) for measuring
the initial temperature. The initial pressure is measured at the
same point through the connection (D) to the high pressure
gauge. The main current then divides right and left through the
throttle tubes (E) and (F) to the side pockets (B) and (C)
where the temperature of the throttled steam is measured. These
pockets are precisely similar, and are lagged and jacketed with
throttled steam in order to reduce heat-loss, which would other-
wise be rather large at high temperatures. The throttle tubes are
fitted with a progressive series of throttles and baffles, designed
to give maximum friction and reduce the kinetic energy to a
negligible quantity. Using single and double dashes to distinguish
the two sides, the flows M and M" on either side, as defined
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above can be adjusted in any desired ratio. The rate of heat-loss
M'Q per second will evidently be nearly equal to the rate of
heat-loss M”7Q” from the other side. Hence Q and Q' (per unit
mass) will be inversely as the flows, which are condensed and
measured separately. For instance, if M’=2M”, we have
Q'=2Q’, and Q'= H’—H”, by taking the difference between the

two equations
H’+Q’=HO=H/l+Q” (14)

where H, represents the total heat in the centre pocket. Whence
H,=2H"—H”, both o which are known from the observed
temperatures t and t"*. Since Sis nearly constant for steam at
atmospheric pressure, it usualy suffices to correct the observed
temperature t' for heat-loss by adding (¢ —¢") M”/(M'—M"),
as in the following example. Starting with steam at 3,805 Ib.
pressure and 426.6° C, the observed temperatures on either side
after throttling to 16 Ib. were t'=120.3° C and #’=114.1° C,
the ratio M”/(M’—M") being o.g7. The correction to ¢ for
heat-loss is 0.97X6.2°=6.0°, giving 126.3° C for the corrected
temperature, at which H,=652.4 cal. C, as given in the tables
at 16 Ib. This method is one o the simplest for measuring H at
high pressures and temperatures, but cannot be applied if H isless
than 640 cal., because the throttled steam would be wet. Thusin
measuring H at the critical point, 374° C, and 3,222 Ib, where
its value is only 554.4 cal. it is necessary to use the jacketed
condenser method as described in the article CaLoriMETRY. This
method is rather more difficult. but has the advantage of apply-
ing equally to the case of water.

Discharge Through a Nozzle.— The function of a nozzle in
a turbine is to convert as much as possible of the total heat of
the steam into kinetic energy for turning the wheels. For this
reason the nozzle is formed with a bell-mouth on the high pressure
side tapering smoothly to a nearly parallel throat, so as to pro-
duce a uniform jet of high velocity with the least possible
friction or turbulence. In this respect the nozzle is the opposite
o the throttle which reconverts as much as possible of the kinetic
energy into heat, leaving the total heat practically unaltered.
In one respect it is like the throttle, in that it has no moving
parts and does no external work in itself, so that W=o in
equation (12), when applied to either nozzle or throttle. The
heat-loss Q in the case of a nozzle is aso very small compared
with the heat-flow, which is usually large owing to the high
velocity of flow. Neglecting W and Q on this account, the heat-
drop is the exact equivalent of the kinetic energy generated, thus
equation (12) becomes

H\—H,=K,—K,=(U*—U:?)/2Jg, (15)

in which the constant Jg is required for reducing U%2 to heat
units. It may be observed that equation (15) remains true if
any proportion of the kinetic energy generated is reconverted
into heat by friction, since this has the effect of increasing H.
exactly as much as it reduces K. As a rule the initia velocity is
small and X, is amost negligible in comparison with K,. The
velocity generated may then be calculated from the heat-drop

by the formula
U,=(2Jg)t (Hi—H,)} (x6)

If H is taken in calories C and U in feet per sec., the value
of the constant is 300.2, or a heat-drop of 1 cal. C will correspond
to a velocity of 300 ft./sec.; or 1co cal. to 3,002 ft./sec. A
velocity of 1oo ft./sec., or 70 miles per hour, though not unim-
portant in meteorology, may often be neglected in dealing with
turbines, as it corresponds to only #th of a calorie C. Other
conditions being equal, the heat-drop and velocity will evidently
be greatest in the absence o friction, or in frictionless adiabatic
expansion as defined by putting dQ0=o in equation (5). This
gives the condition dH =aVdP for finding the heat-drop by
integrating aVdP aong the adiabatic (9) between the given
limits o pressure P: to P.. Neglecting b, this reduces to the

simple form,
Hi—H;=(Hi— BY1--T/T1) (z7)

where Ty/Ty=(P./P1)E5, for steam by equation (x0) with
n+1=13/3.
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Having found the heat-drop, which is preferably obtained
from the Tables, the velocity U, followsfrom (15), or from
(16) if Uy is small. The discharge M is easily obtained from
(x1) in terms of the area o the throat X, and the volume V-
at the same point. The latter is most easily obtained from H and
P by the general relation (6), which may be put in the form,

V=(H—B)/a(n+1)P=2-2436(H—B)/P. (18)

Maximum Discharge.— It results from the form of these equa-
tions that for any given nozzle or throat area X, for a given
initial state of the steam as defined by P, and V, the discharge
M will at first increase as the final pressure P is lowered, but
will ultimately reach a very definite maximum, when P/P,=0-546
in the case of steam. Differentiating (1) to find the condition
under which M is a maximum, we have d(U/V)=o, or
du/dv =U/V. Putting (15) in the form U?— Uo?= 2Jg(H,—H.),
differentiatingwith regard to V, and remembering that U, and H,
are constant, we obtain

—Jg(dH/aV)=U(dU/dV)=U¥V. (19)

Since by (5) dH/dV=aV(dP/dV) in adiabatic expansion, this
may be written,

—aJg(dP/dV)=(U/V)?= (kM /X)? (20)

giving the discharge M/X per unit area o throat in terms o
dP/dV in the throat. Since equation (20) for (U/V)? in terms of
dP/dV is the general expression for the velocity of sound U in
any fluid, we infer that, when M/X is a maximum, the exit
velocity o the fluid relative to the throat must be equa to the
velocity of sound in the same fluid under the same conditions.
Thus no drop o pressure beyond the throat could travel back
fast enough through the fluid to affect its state in the throat or
increase the discharge. In the case o any fluid like steam,
having the adiabatic equation (g), dP/dV = —yP/(V—b), which
when substituted in (20) gives the dischargein terms of P and V
in the throat. To find a numerical formula for the maximum
discharge in the case of steam (for which y=1.3) in terms of
the initial conditions, P., V, we have the approximate relations
(omitting b, which is very small), which follow from (z20),

(Ho—H)/(Ho—B) =(vy—1)/(v+1)=3/23 (21)

P/P,=0-5457, V/V.=1-5934 (22)

which give for the discharge M/X in Ib. per sec. per sq.in. of
throat (k=144),

M/X=U/144V=03155 (Po/V.)}/? (23)

when P isin Ib. per sq.in., U in ft./sec. and V in cu.ft. per Ib.
The correction for bisless than,i; of 1 per cent when P, =300 Ib.
Applications of Carnot’s F?;lnciple.— The whole science of
thermodynamics may be said to date from the establishment by
Sadi Carnot (1824) of the principle limiting the amount d work
obtainable from heat under given conditions. The reasoning by
which Carnot established his principle is outlined in the article
HeaT, and is justly regarded as one of the most remarkable
triumphs o the deductive method, but the experimental data
available at the time were far too scanty and inaccurate to supply
conclusive proof. With the advance of experimental methods
Carnot’s predictions have been abundantly verified in every con-
ceivable instance, and have formed the basis of the development
o all kinds of heat-enginesin theory and practice. The important
applications to heat-enginesare discusszd elsewherein their proper
place. We are here concerned chiefly with the applications d the
principle to the thermodynamical relations between the various
properties of any substance, and to the conditions which determine
the possible states of equilibrium. Carnot in applying his prin-
ciple to such cases put it in the following form as being most
convenient for the purpose. If a quantity of heat Q is supplied to
any substance at a constant temperature t, the work ¢ obtainable
from Q by an ideal reversible engine working in a cycle of range
dt must be proportional to Qdt multiplied by some function o the
temperature, F't, which must be the same for all substances.

Putting this statement in the form of an equation, we find
(24)

AW /dt=0F"t,
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as given by Carnot, and applied by him to the following simple
cases:

Clapeyron’s Equation.—In the vaporisation o unit mass of
steam in a boiler, the whole work o expansion W along the iso-
thermal at constant pressure and temperature, would evidently
be equa to p(V-v), the product of the vapour-pressure ¢ by the
increase o volume from that of water v to that o steam V. Thus
the work dW/d¢ obtainable in a cycle of range dt would be
(V—v)dp/dt, where dp/dt is the rate of increase of the steam-
pressure per degree rise of temperature. The heat Q absorbed in
the vaporisation of unit mass is the latent heat L. Substituting
these symbols in (24) we obtain the result commonly known as

Clapeyron's equation,
(V-v)dp/dt=LF't, (25)

which evidently represents the condition of equilibrium between
liquid and vapour at any temperature, and is applicable to any
other substance with the same value of F't at the same tempera-
ture, but with different values o L, V, and p, depending on the
properties o the substance considered. Carnot employed this
relation for calculating the value o his function Ft at 100° C
from the properties of steam, which were roughly known at this
temperature. Taking L=s540 ca. dp/dt=272 mm. of mercury,
or 370 kg./sq. metre, and V-v=1.670 cb.m./kg., we find
Ft =1.135 kilogram metres per kilocalorie for the work obtainable
inacycled :° range at 100° C. We may remark in passing that
the value found is equal to 427/373, being the mechanical equiv-
alent o the kilocalorie in kgm. divided by the absolute tempera-
ture. This implies that the whole o the heat could be converted
into work if the range o the cycle were extended to the absolute
zero with the same rate of production of work per degree fall.
But Carnot, who had at that time no knowledge of the value of
the mechanical equivalent, naturally failed to notice this remark-
able coincidence, though the result he obtained for F't was
correct.

Lowering of ke Freezing Point of Ice by Pressure.— The appli-
cation o Carnot’s equation (25) to therate of increase of vapour-
pressure dp/d¢ with temperature, or to the rise d the boiling-
point d¢/dp with pressure (which are merely different ways of
expressing the same property of the substance) is easily made in
any case in which the latent heat L and volume V o the vapour
are known, and affords in fact one o the most direct methods of
verifying Carnot’s principle by experiment. A more dramatic
verification was that made by James Thomson (1851), who ob-
served that equation (25) must apply just as exactly to the
equilibrium between liquid and solid at the freezing-point, as to
that between liquid and vapour at the boiling-point. In the case
o solid and liquid, L is the latent heat of fusion, and V-v is the
increase of volume in melting, which is positive for a substance
like wax which expands in melting, but negative for a substance
like water which expands on freezing. Thus in the case o wax,
the sign o dt/dp should be positive, or the melting point should
be raised by pressure (as is always the case for the boiling-point),
whereas in the case o water the sign should be negative, or the
freezing-point should be lowered by pressure. Taking the known
vaues of L and V-v for water and ice, he predicted that the
freezing-point of water should be lowered o-0075° C per atmos-
phere o pressure, a result which was immediately verified by his
brother, Lord Kelvin, and materially assisted in the final estab-
lishment of the second law of thermodynamics.

Application to Gases, Absolute Scale of T.—The application of
Carnot’s equation (24) to the case of a gas obeying the law
PV =RT, isequally simple. Thewhole work W donein isothermal
expansion, is represented by the analytical expression RT I/ r,
where /n » denotes the natural logarithm of the ratio of expan-
sion. It immediately follows, as Carnot remarks, that
dW /dt=Rlnr, or is simply equal to W/T. Thus equation (24)
reduces to the form,

WIT =Q F't. (26)

Carnot deduced from this relation that the ratio W/Q of the
work done to the heat absorbed in isothermal expansion must be
the same for all gases at the same temperature, and that if equal
volumes of different gases were taken at the same temperature
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and pressure (or masses proportional to the molecular weights)
the heat Q absorbed in isothermal expansion must be the same
for all gases under similar conditions since the work %7 was the
same for al. It followed as a specia case that the difference o
the specific heats at constant pressure and volume, being the heat
absorbed in an isothermal expansion equal to V/T, must be the
same for equal volumes of all gases. His endeavours to extract
a value of F't from this relation
gave results similar to those ob-
tained from steam and other va-
pours, but failed to give a de-
cisive conclusion owing to the
uncertainty o the ratios of the
specific heats as deduced from

tiatevelbertyJoti so(h848) proated | »”

by direct experiment that the
heat absorbed by a gasin isother- |
mal expansion was approximately 7 P
equivalent to the work done, it :
became evident, by substituting Fi. s

W =JQ in equation (26) that the value o F't must be nearly
equal to J/T for al substances. But since according to Regnault's
experiments (1847) the temperature scales o actual gases differed
quite appreciably different gases would give different valuesd T
at the same temperature, and it was impossible to say which
should be selected. The essential point o Carnot’s principle
being that the value of F't was the same for al substances at the
same temperature, the most logical method was that proposed by
Kelvin, to define absolute temperature T as being proportional
to the reciprocal of Carnot’s function. Exact consistency with
Carnot’s principle and with the law of conservation of energy
could thus be secured, while leaving the deviation of the scae
o any particular gas from the absolute scale thus defined to be
determined by experiment in each case.

Carnot Cycle of Finite Range —If we substitute J/T for F't in
Carnot’s equation (24) in accordance with the definition o ab-
solute temperature T, and also write W =JQ as required by the
first law, the equation reduces to the form dQ/dT=Q/T, which
tacitly involves the law of conservation  energy in addition to
the adoption of Carnot’s principle for the definition of the scale
o temperature The relation in this form implies that, if the
range o the cycle is extended to any lower temperature, the ratio
Q/T will remain constant, and the heat converted into work will
increase in direct proportion to the range of temperature, since
the constant ratio Q/T is equal to dQ/dT representing the heat
converted into work per degree fall. Thus the formula for a
Carnot cycle of finite range, in which a quantity o heat Q is sup-
plied to the working substance at T', and a quantity Q" is rejected
at 7, with the conversion of heat Q’-Q” into work W, reduces
to the simplest possible form, namely,

IV/(T"—T”) :](Q/__Q”)/<T/_T//) :]Q//T/:]Q”/T”, (27)
in which the reduction factor J may be omitted if Q is expressed
in work units.

Entropy.--The quantity Q/T which remains constant in a
Carnot cycle of any range bounded by two adiabatics, is caled the
entropy of the heat Q supplied at a temperature T. According to
(27) the entropy o the heat supplied at T', is equal to the entropy
of the heat rejected at T"". The entropy difference between any
two adiabatics is constant, or the adiabatics are lines o con-
stant entropy, and are often caled isentropics. The thermal
equivalent of the work done in any Carnot cycle is the product
of the entropy supplied, namely (’/T”, by the range of tempera-
ture 7"-T. This relation is frequently the most convenient for
calculating the work obtainable, not only in a Carnot cycle, but
aso in a cycle o any form.

Clapeyron’s Relations.—Clapeyron (1834) observed that
Carnot’s principle, as represented by equation (24), implied the
existence of certain general relations between the quantity o heat
absorbed in isothermal expansion and the pressure and expansion
coefficients of the working substance. He employed the indicator
diagram, as illustrated in fig. 3, for the deduction o these rela-
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tions by a method equivalent to that employed by Maxwell,
Theory of Heat (1870). The coordinates of the point B are the
pressure p, and the volume V o unit mass of the substance at a
temperature t'. Let the substance expand from B to C along the
isothermal at ¢ absorbing a small quantity of heat 4Q, while its
volume increases from V to ¢”, and its pressure diminishes from
¢’ to p'. Draw the line of constant volume V through B inter-
secting the line of constant pressure p” through C in the point E.
Through E draw the isothermal E4D at the temperature t"*. Com-
plete the Carnot cycle by drawing the adiabatics BA and CD
through B and C. In the limit, when the difference of temperature
¢~¢” is small, it may be represented by dt as in Carnot’s equa-
tion (24), and the form of the cycle ABCD will become a paral-
lelogram as indicated in the figure. The area ABCD repre-
sents the work 417 done in the elementary cycle, and is equal to
that o the rectangle BEXEC, or to (p'-p”)(v’-v") . Making
these substitutions in Carnot’s equation (24), we obtain the gen-

eral relation,

(=t (v'=") / (#'~t") =F't X dOQ. (28)
I'n order to interpret this relation in terms of the pressure coeffi-
cient at constant volume, or the expansion coefficient at constant
pressure, as may be desired, we may in the first place transfer
v”~v’ to the right hand side of the equation. We then dbserve that
p’-p” is the increase of pressure BE at constant volume corres-
ponding to the increase of temperature #—¢”, so that the ratio
represents the familiar pressure-coefficient at constant volume, de-
noted by (dp/dt), in the usual notation of partial differential co-
efficients. Similarly dQ/(v”~2"), being the ratio of the heat ab-
sorbed at constant temperature to the corresponding increase of
volume, may be denoted by (dQ/dv); in the same notation. If we
also substitute J/ T for F't in accordance with the definition o ab-
solute temperature, we obtain,

T(dp/dt)s=T(d0/dv); (29)

which is often called the first thermodynamical relation, and was
in fact employed by Kelvin as a general expression for Carnot’s
principle in hisfirst exposition of the equations of thermodynamics
(1851), except that he retained the symbol u for F't, following
Clapeyron, in place of substituting J/T, asin (29), according to
modern practice.

Pressure and Expansion Coefficients—The utility of a relation
of thiskind liesin the fact that small quantities of heat absorbed
in expansion are very difficult to measure, but can usually be calcu-
lated with the aid of relations like (29) in terms of other coeffi-
cients, such as the pressure coefficient. Many examples of this will
be given later. If therelation (29) itsdlf is not directly applicable,
it can usually be transformed by purely mathematical relations be-
tween the various coefficients into a different shape which is more
convenient for the purpose required For instance the pressure
coefficient (dp/dt), is seldom directly measurable in the case of
a solid or a liquid, owing to the difficulty of keeping the volume
constant while the temperature is being raised. The difficulty of
measuring the pressure-coefficient may be avoided by using the
familiar relation,

(30)

(dp/dt)e=— (dp/dv)¢(dv/dt),
giving the required value in terms of the isothermal elasticity and
the coefficient of expansion at constant pressure, both of which can
be measured. Relation (30) is one of the commonest examples in
practice of the general relation between the partial differential co-
efficients of any three quantities, such as x, -y, z, connected by a
single equation, such that any one of the three may be regarded
as a function o the other two. It is most easily remembered in
the cyclical form,

(dx/dy)e(dy/d2) . (dz/dx)y=—1. (31)
from which any required relation of this type such as (30) may
be written down by replacing p, v, t, by X.y, 2, or vice versa. But
as relations of this type are usually required in the form (30),
it may be as well to explain how they are deduced from first prin-
ciples. The volume v o unit mass o any substance depends
on the temperature t and the pressure p either of which may
vary independently of the other. Any expansion due to change
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of temperature alone, is found by multiplying the rise of tempera-
ture dt by the expansion per degree at constant pressure, repre-
sented by the coefficient (dv/dt),. Similarly any change of volume
due to increase of pressure alone, is given by the product d the
increase o pressure dp by the isothermal compressibility

(dv/dp):. In the general case, when both  and t change, the
whole expansion dv iIs the sum of the two independent effects,

dv={(dv/dt)pdt+ (dv/dp)dp. (32)
Similar formulae apply to all other properties of the substance de-
pending on p and t and are frequently required in thermodynamics.
I n the case of the volume v, it is immediately obvious from (32)
that, if the compression due to increase of pressure dp is equa to
the expansion due to increase of temperature dt, the volume will
remair constant, or dv=o0. Theratio of dp to dt at constant vol-
ume, or the required coefficient (dp/dt)., is obtained in terms of
the otter two by putting dv=o in (32), dividing by dt and trans-
posing, which gives the required relation in the form (30) if we
observe that the isothermal elasticity (dp/dv): is the reciprocal of
the isothermal compressibility (dv/dp):.

Second Relation.— From the first thermodynamical relation, as
given in equation (29), Clapeyron deduced his second relation,
for the heat evolved in isothermal compression, by substituting for
(dp/dt)» the expression given in (30), which leads immediately
to the corresponding expression for (dQ/dp)+,

T(dv/dt)p=—J(dQ/dp)t (33)
in terms of the coefficient of expansion at constant pressure. The
negative sign in this relation indicates that heat is evolved by an
increase of pressure, whereas heat is absorbed when the volume
increases. There are several other thermodynamical relations,
which are in effect equivalent to Carnot’s equation (24), but the
two originally given by Clapeyron are the most useful, and suffice
for the majority of practical requirements. It will be observed that
they are not independent relations, since one can be deduced from
the other by a purely mathematical transformation, but either
may be employed as required with the certainty of obtaining re-
sults consistent with the laws of thermodynamics.

Specific Heats.— The specific heats are among the most
familiar and useful coefficients in practice since they are commonly
required for calculating quantities of heat. They are usualy
measured by observing the quantity of heat given up by a body
in cooling through a la.ge range of temperature, and-are often
treated as constants. But in addition to the variation with temper-
ature, as illustrated in the articles Heat and CALORIMETRY, the
results found may depend to a great extent on other conditions,
such as pressure, in a manner subject to the laws of thermo-
dynamics and amenable to calculation. In dealing with variable
specific heats, the general expression for the specific heat d any
substance at a temperature T is the ratio dQ/dT of the small
quantity of heat 4Q supplied per unit mass to the corresponding
rise of temperature dT produced; but it is also necessary to
specify the conditions under which the measurement is made,
as these may affect the result. The two simplest cases are those in
which the specific heat is measured, (a) at constant pressure, (b)
at constant volume, though the latter condition can seldom be
realised satisfactorily in the case of a solid or liquid. For this
reason it is useful to have a relation giving the specific heat at
constant volume in terms of that at constant pressure. The re-
quired relation may be obtained most directly by the aid of
Clapeyron's relation (33) in the following manner, which also
gives incidentally the expression for any other variety of specific
heat.

Difference of Specific Heats.— To find a general expression for
the specific heat dQ/dT under any condition, write down the gen-
eral expression for dQ in terms of dt and dp, exactly as for v in
(32), by simply replacing the letter v in (32) by the letter Q,
and divide each term in the expression by dt, thus we obtain,

dQ/dt=(dQ/dt)p+(dQ/dp)dp/dt. (34)
The first term on the right, namely (dQ/d¢),, representing the
heat absorbed per unit mass per degree rise of temperature at
constant pressure, is obviously the specific heat as ordinarily meas-
ured at constant pressure, which may be denoted by Sp. The next
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coefficient, (dQ/dp):, represents the heat evolved per unit mass
per unit increase of p in isothermal compression. The value of
this is given by Clapeyron's second relation (33) in terms o the
coefficient (dv/dt),. Since the specific heat is usually required
in thermal units, it is best to retain the reduction factor 1//, ex-
plicitly in equations expressed in thermal units, in which it is
usually represented by the single letter a for convenience in writ-
ing or printing. Thelast factor dp/d¢ must be taken to correspond
with the condition under which the specific heat dQ/dt is desired.
Thusif we require the specific heat at constant volume (dQ/dt)s,
or Sy, we must also append the suffix v to dp/d¢ implying that it
must be taken at constant volume. Making these substitutions in
(34) we obtain the required expression for Sy,
Sp=(dQ/dt)y=S,—aT(dv/dt),(dp/dt)» (35)

Saturation Specific Heat. —As a further illustration of the same
method, if we require the specific heat .S; of a wet vapour main-
tained in the state of saturation, implied by the suffix s we have
merely to replace the suffix v in (3j) by the suffix s, thus,

Ss=(dQ/dt)s=Sp—aT (dv/dt),(dp/dt)s (36)
in which (dp/d¢)s represents the rate of increase of saturation
pressure p with temperature, which is usualy much larger than
(dp/dt), for the dry vapour. For thisreason Ss is often negative,
whereas S, though smaller than S;, is always positive. Thus, in
the case of wet steam at 100° C, So= —1.04.

By means of these and similar relations the variation of any
specific heat can be calculated if one specific heat, such as S,
or Sy is known by experiment at the required temperature. In
some cases these variations may be considerable, especially near
the critical point of any substance. In general, if the path on the
indicator diagram along which the specific heat is to be measured
approaches the isothermal, the specific heat will become very large.
If the path coincides with the isothermal, the specific heat becomes
infinite, because there is finite absorption of heat while dt=o.
When the path on the diagram is a little steeper than the iso-
thermal the specific heat becomes negative, changing from posi-
tive to negative infinity in crossing the line. For any path between
the isothermal and the adiabatic the specific heat is negative, fall-
ing to zero when the path coincides with the adiabatic (dQ=0),
and changing to positive again on the other side. Such changes
would be very troublesome to deal with in experimental work, if
the thermodynamic relations did not afford a complete method of
taking them into account.

Cooling Effect in Adiabatic Expansion.— The efficiency of
any heat engine depends primarily on the range of temperature
through which the working fluid can be cooled while converting
its heat energy into work done in adiabatic expansion. It isim-
portant for this reason to be able to observe and calculate the
cooling effect, which is most conveniently defined as the ratio of
the drop o temperature dt to the drop of pressure dp under the
condition that no heat is supplied to the working fluid, and that
the expansion is frictionless and reversible. The heating effect in
compression is the same coefficient with the signs of both dp and
dt reversed, so that its value is the same as that of the cooling
effectin expansion. To find a thermodynamic expression for the
cooling effect under the condition d@=0, we may put dQ/d¢=0
in the general expression (34) for the specific heat; in which case
we must aso take dp/d¢ in (34) under the same condition at
constant Q, i.e., we must write (dp/dt)q, which 1s the reciprocal

d the required cooling effect (dt/dp),. Substituting as before
from Clapeyron's relation (33), we obtain immediately,
Sp(dt/dp)q=+aT(dv/dt), (37)

which gives a general expression for the cooling effect, in terms
of the specific heat and the coefficient of expansion, both at con-
stant pressure, and comparatively easy to determine by experi-
ment.

Thus if the specific heat of a liquid and its coefficient of expan-
sion are known, as is the case for most liquids, it is easy to cal-
culate the heating effect of a sudden compression. The effect Is
zero for water at its point of maximum density, but increases
rapidly with the coefficient of expansion, since Sis nearly con-
stant.
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In the case of a gas or vapour, which approximates to the equa-

tion «PV=RT at low pressures, since (dV/dt) approaches the.

limit R/aP, the expression for the cooling effect becomes RT/SP,
corresponding to the adiabatic equation in the form (10), with
SIR=n-+1. This shows that. if a vapour, like steam, obeys an
adiabatic equation of this type with » constant, the limiting value
S, o its specific heat at zero pressure must be constant; i.e.,
independent of the temperature. Conversely in the case of agas,
such as hydrogen, which follows thelaw ¢PV =RT very accurately,
there will be no variation of S with pressure, but any variation of
S with temperature requires a corresponding variation in the in-
dex n+ 1, and in the cooling effect, which is equal to T/ (n+1)P.
In such a case, it is often much easier to measure the cooling effect
directly with a thermometer of a well-adapted type than it is
to measure the specific heat itself at high or low temperatures.
The variation of the specific heat with temperature may then be
deduced from observations of the cooling effect. This method was
applied by Makower (Phil. Mag., Feb. 1903) to verify the con-
stancy of Sin the case of steam by observing the cooling effect
in a jacketed vessdl at 110° C. By alowing the steam to expand
suddenly from a pressure of 81 cm. to atmospheric and observing
the corresponding drop of temperature, he found a value o the
index ~y=1.304, agreeing closely with that deduced from the
engine experiments at much higher temperatures and pressures, as
previously described. Brinkworth (Proc. Roy. Soc., 1925) em-
ployed a similar method for verifying the variation of the specific
heat of hydrogen at low temperatures. It will readily be under-
stood that it is most important in al such cases to have an exact
thermodynamical relation such as (37) between the coefficients
to be measured. Otherwise the interpretation of the results is
apt to be uncertain Thus it is usually possible to allow for the
small variations of dv/dt in reducing the results, and similarly
for the variations of S with pressure.

The Joule-Thomson Cooling Effect. —This is the most im-
portant coefficient of its type, and is most easily measured in
steady flow. |t wasfirst measured by Joule and Thomson (1852),
and was defined by them as the ratio of the drop of temperature
to the drop of pressure in a pure throttling process, in which the
kinetic energy generated by the pressure drop is completely re-
converted into heat without any external heat loss. Under these
conditions. as explained previously. the value of H is the same
after passing the throttle as in the initial state, except that in any
actual experiment at high temperatures it is necessary to make a
small correction for heat loss. Since H remains constant in a pure
throttling process, the cooling effect in throttling may be defined
as the ratio of dT to dP at constant H and may be denoted by
(dT/dP)y provided that small changes of temperature are being
dealt with. In the example previously cited concern was only
with the fact that the value of H at the high initial pressure and
temperature must be the same as that observed at atmospheric
pressure after throttling when corrected for heat loss. The drop
of temperature amounted to more than 300° C., but the cooling
effect represented by the ratio 300.3°/3789 Ib., or o.07925° per
pound, does not enter explicitly into the calculation. though it
might be described as the mean cooling effect over the given
range. To find the limiting value o the cooling effect at a par-
ticular temperature and pressure, it is of course necessary to
make measurements over much smaller ranges of temperature.

Variation of H With P.—The cooling effect C at constant H as
thus defined is the ratio of the two partial differential coefficients
of H with respect to Pand T, thus,

C=(dT/dP)y=—(dH/dP)y/(dH/dT)p (38)

This does not involve thermodynamics, but is merely a specia case
of the formal relation (30), asis easily verified by writing H in
place of Vin (30). Putting Sfor (dH/dT)p, the specific heat at
constant pressure, the useful relation (dH/dP)p=—SC, giving
the variation of H with P at constant 7 in terms of the specific
heat S and the cooling effect C, which are the most easily meas-
ured of all coefficients,is given. Another expression for the same
coefficientmay be obtained by applying the two laws of thermo-
dynamics. From the first law in the form dH =dQ+aVdP, as
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given in (5), dividing by d? at constant T,

(dH/dP)=(dQ/dP)p+aV =—aT(dV/dT)p+aV  (39)
in which the second law is involved in the substitution for
(dQ/dP) from Clapeyron’s second thermodynamical relation
(33), is found.

Joule-Thomson Equation.— The utility of relation (39) liesin
the fact that it supplies the necessary and sufficient condition
which must be satisfied by any expressions selected to represent
H and V (the two most important thermodynamical properties
of any substance) in order to render such expressions consistent
with the laws of thermodynamics. Joule and Thomson made use
of (39) in the form

SC=aT2(d(V/T)/dT), (40)
in order to deduce an expression for V consistent with their ob-
servations on the cooling effect. Their experiments showed that
C was approximately independent of the pressure, but varied as
1/72 with temperature for air and CO, over the range o° to 100°
C. Integrating (40) at constant P, with Sconstant, and C=K/T?2,
they obtained the solution:

—SK/3T3=aV/T—R/P (41)
in which the constant of integration R/P was determined by the
condition that the equation must approximate to the form ¢PV =
RT when T isvery large. The small term SK/ 373, which may be
written SC/3T, represents the deviations of the actual gas, air
or CO,, from the ideal state, in terms of the observed values of
Sand C for the gas employed. Thus equation (41) makesit possi-
ble to deduce the absolute temperature T from the observed tem-
perature by air thermometer as defined in terms of P and V, but
the process of reduction is far from being as simple as it might
appear to be at first sight.

Moreover the origina Joule-Thomson equation as given in
(41), though it showed that the deviations of air from the ideal
state must be very small, was somewhat unsatisfactory in other
respects. |t failed to explain the heating effect observed in the
case of hydrogen, and made no allowance for the known variation
of specific heat in the case of CO,. These difficulties may be
avoided in practice by reversing the procedure. Assume a con-
venient type of equation for V, differentiate to find the expres-
sion for SC asin (39), and determine the constants by comparison
with experimental results for S and C.

Modified Equation.— A suitable equation of a type similar to
(41) is the following,

V —b=RT/aP—c, where c=c¢c,(T/T)* (42)
The small constant b, called the covolume, may be regarded as
representing the limiting volume of the molecules at high tem-
peratures and pressures. The small correction term ¢, called the
coaggregation volume, represents the defect from the ideal volume
caused by coaggregation or pairing of molecules. This is assumed
to vary inversely as the nth power of T, and ¢, is the value of
C at any convenient temperature T such as o, C. On this assump-
tion cis a function of the temperature only, and d¢/dt= —nc/T.
Differentiating equation (42) in order to find SC as given by (39)

or (40),

SC=aT(dV/dT)p—aV =a(n+1)c—ab (43)
from which the values o the constants ¢, #, and b, may be de-
duced, when the values of S and C are known by observations
taken over a sufficient range, is obtained. It is easy in this way
to take account of any variations of S with temperature or pres-
sure. The slope of the isothermals on the Amagat diagram, in
which PV is plotted against P, is represented by d(PV)/dP=
—c—+b, and is positive in the case of hydrogen (for which PV in-
creases with P) because b is so much larger than ¢ at ordinary
temperatures. For the same reason the cooling effect G is nega-
tive, as found by Joule and Thomson, who observed a rise of tem-
perature with drop of pressure in throttling. This result is ex-
plained by (42), if bexceeds (n+1)c, asis actually the case with
hydrogen.

Expressionfor theTotal Heat H.—The same equation (42)
may be employed as asimple illustration of the general method of
deducing consistent expressions for the total heat and the entropy
of a substance when an equation for V in terms of P and T has
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been obtained by the above method. To find an expression for
we start with the genera formula for ¢4 in terms of S and C,
thus,

dH =SdT —SCdP. (44)
Since the value of H depends only on the state, we may perform
the integration along any convenient path, starting from any con-
venient zero. The simplest method is to integrate the first term
fromoto Tat zero pressure, since the value of S at zero pressure,
denoted by S., is a function of the temperature only. We may
denote this integral by S»T where S is the mean value d S,
from oto T. We then have to add the integral of the second term
at constant T from P=o to P. In the present case, since SC isa
function of T only, as given by (43), the integral of SCdP is
simply SCP. Adding the two terms, we obtain the genera ex-
pression for Hat T and P,

H—B=SnT—SCP (435)
in which the constant of integration B is determined by reference
to any known value of H at some definite point, such as 100° C
and atmospheric pressure. |n the case o steam, S» may be taken
as constant and equal to S..

Variation of the Specific Heat S with Pressure.—~According to
(45) the specific heat .S at constant pressure will be a function o
both temperature and pressure. The required expression for S is
easily obtained by differentiating (45) at constant pressure, thus,

S=(dH/dT)p=S.+an(n+1)cP/T. (46)

This shows that, with an equation of the type (41) or (42), S
cannot be constant, as assumed by Joule and Thomson in the in-
tegration of (40), and invalidates their method of deducing (41),
but the same objection does not apply to the reverse procedure em-
ployed in deducing (42). The variation of S with pressure at
constant temperature for any equation of this type can aso be
obtained from the consideration that H is a definite function o
P and T depending only on the state, so that if we differentiate S
as found in (46) with regard to P at constant T, we must obtain
identically the same result, namely d’H/dPdT, as by differentiat-
ing (dH/dP), (or —SC) with regard to T at constant P. Using
the general expression for SC given in (39), we obtain,

(dS/dP) p=—(dSC/dT) p=—aT(d*V/dT?*)p (47)
which shows that S cannot be independent of the pressure, if SC
is a function of the temperature. From another point d view
(47) represents the condition that ¢H as given in (44) should be
the exact differential of a definite function of P and T, as must
be the case if H isa property of the substance depending only on
the state as defined by P and T. On the other hand if we apply
the same condition to the general expression for dQ, namely,

dQ=SdT —aT(dV/dT)pdP (48)
we observe that (47) cannot be satisfied in the case of dQ con-
sistently with the second law of thermodynamics, because the
heat added in any transformation is not simply a property d the
substance depending on the initial and final states, but depends
essentially on the process by which the transformation is effected.
I'n other words, dQ is not the exact differential of any function o
P and T, and cannot be integrated without knowing the relation
between P and T defining the process. But if the path is given, Q
can always be found from (48). Thusif the path on theindicator
diagram is a straight line defined by dP =kdT, dQ/dT=S8—akT
(dV/dT)p, and the required value of Q can be found for any
substance for which the specific heat and the coefficient  ex-
pansion are known. The heat required for any transformation is
often required in practice, and may always be obtained in this
way, if the path is given.

Expression for the Entropy &.— asmall quantity o heat
dQ per unit mass is supplied to any substance at a temperature T,
the corresponding increase of entropy d® is dQ/T. Thus we
obtain immediately from (48),

d®=dQ/T=(S/T)dT—a(dV/dT)rdP. (49)

If we apply the mathematical test for an exact differential, as in
(47), we find,

(d[S/T1/dP)z=(1/T)(dS/dP) g=—a(d?V/dT%)p  (50)
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which, it will be observed, is precisely the sameas that found for
dH. We conclude that 4, likeH may be regarded as a property
o the substance depending only on the state, and capable o
tabulation in terms of Pand T.

Since® itself cannot bemeasuredin practiceinany convenient
manner, it is usually deduced for any substance from the expres-
sion found by experiment for H. Since dQ=dH—aVdP, by (s),
taking dH from (44), we obtain,

d®=dQ/T=(S/T)dT—(SC/T+aV/T)dP (51)

which is seen to be identical with (49) if we substitute for SC
from (39). This may be integrated, as in the case of H, from
oto T at zero pressure, with S=3S,, and from o to P at constant
T. Taking as an example the simple equation (42) for V, with
SC from (43), we find the expression,

&—A=[f(S,/TdT— S (R/P+anc/T)dP
=S,InT—RInP—ancP/T (In=rat. log.) (52)

in which A is the constant of integration determined in the usual
manner.

Use of the Entropy. — It should be observed that the entropy is
not an independent property of the substance, since it can be de-
duced from H and V, but it is most useful in practice for defining
the process of frictionless adiabatic expansion, and for deducing
the maximum work obtainable from a quantity of heat supplied to
the working substance under specified conditions. As a simple ex-
ample we may take the case of the steam-turbine. Any part of the
heat received (e.g., in the superheater) at the constant initial pres-
sure P isrepresented in virtue of relation (3) by theincrease DR
o the total heat of the steam over the range considered. Let D®
represent the increase of entropy taken from the tables over the
same range of temperature. In the ideal cycle after adiabatic
expansion the corresponding part of the heat rejected at the con-
stant temperature 7" of the condenser will be 77D®. The differ-
ence DH—T"D® represents the work obtainable from this part
DH o the heat supplied, and the ideal efficiency is given by
1—-T”D®/DH. Thusit becomes possible to estimate the thermal
efficienciesof different stages of the heating system, as depending
on the temperature T" o heat reception by the working fluid.

The equivalent of the work theoretically obtainable in any
part of anideal cycleincluded between two adiabatics may also be
found by subtracting the heat-drop along the lower adiabatic from
that along the higher adiabatic. This gives the same result as
subtracting the heat rejected from the heat received, but saves
troublein calculation if tables of adiabatic heat-drop are available.

If the "mean effective temperature™ 7', of heat reception DH
at constant pressure P is defined as being equal to DH/D®, the
expression for the ideal efficiency of the cycle between the two
adiabatics differing in entropy by D4, reduces to the form
1—T"/Tm, the same as that o a Carnot cycle in which all the
heat is received at one temperature Tw%. As G. M. Clarke has
pointed out, the mean effective temperature thus defined affords a
convenient method o expression for the ideal efficiency of any
cycle as compared with the Carnot cycle. But it does not super-
sede the use of the entropy, which is required in order to be able
to calculate T,

Efficiency of Expansion in a Turbine.— The foregoing method
o finding the efficiency of an idea cycle, or part of a cycle,
between two adiabatics, depends on assuming that the useful
work done is equal to the excess of the heat received over that
rejected by the working fluid, and is restricted to the case in
which no losses are incurred in expansion, and al the heat is
rejected at one temperature T", as in the condenser of a steam-
engine or turbine. The method gives the fraction of the heat re-
ceived in any part of the heating system which could be con-
verted into work by a perfect engine under the conditions imposed.
On the other hand, in analysing the performance of an actual en-
gine or turbine, it is necessary to take account of losses incurred
in the engine during the expansion, and to compare the actual
performance with that obtainable in adiabatic expansion under
ideal conditions over the same range. The genera principle of
the method by which this may be accomplished in the case of a
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turbine is as follows:

The Case of Dry Steam.— As explained previously, and implied
by equation (12), the drop of H in expansion through a turbine,
when corrected for the minor losses Q and K, is the equivalent
o the useful work done by the steam. So long as the steam
is dry, the value of H at any point of the expansion can be de-
termined by observing the pressure and temperature, and the
actual drop of H, denoted by DH, between any two points can be
deduced. The work theoretically obtainable in frictionless expan-
sion can aso be found from the adiabatic equation as shown in
(7). The ratio o the actual hcat-drop DH, as corrected, to the
adiabatic heat-drop for the same drop o pressure, gives the
efficiency of any stage or section of the turbine. This simple
method fails when the steam is wet, as usually happens towards
the end of the expansion, because there is no satisfactory means
of measuring the degree of wetness under these conditions at low
pressures. But if theinitial value & o the entropy is known, the
adiabatic heat drop can still be found from the final temperature
T, with the aid o the tables giving #,” and ®s” for dry saturated
steam, since for wet steam in the state H", ®”, at any temperature
T we have the simple relation,

H,g”—H” — T”(@,”—«.I:‘”). (53)

Heat-Drop for Wet Steam.—Putting ®’=P’ in (53) the final
b for wet steam at T', in adiabatic expansion, is obtained in
terms o the tabulated values H, and ®,. Thus we obtain for
the adiabatic heat-drop from the initial state &', &',

H—H'=H —H/+T"(®,' — &), (54)

Equation (34) is aso the appropriate equation to employ for
finding the adiabatic heat-drop over the whole range d ex-
pansion in the turbine, from admission to exhaust, when the final
state of the steam is wet, as is usually the case with a condensing
engine. It is equally applicable to the case of a reciprocating
engine, since the discontinuities involved in the operation o this
type of engine are supposed to be absent from the ideal cycle.
The heat-drop thus found may be compared with the work actually
done per Ib. of steam, as deduced from measurements of the feed
and the power, for which see Steam: Steam Engine.

Equation (53), with ®’* constant and equal to ' may be re-
garded as the simplest and most useful form o the adiabatic giv-
ing the final value H" o the total heat for a wet vapour, when
tables of ® and H are available. It may be expressed if desired
interms o H and T only, but cannot be put in the usua form (g)
or (10) (asis often attempted), because the value of the index v
varies so much with temperature and wetness as to make the equa-
tion difficult to use and less accurate in practice than measure-
ments on a diagram.

Types of Characteristic Equation.— The general relation be-
tween P, V, and T, which exists for any substance in various states
is commonly caled the characteristic equation, or equation of
state, of the substance. It has often been thought possible to in-
clude both liquid and vapour states in a single equation, such as
that o van der Waals, since the properties of the two states a p
proximate to each other in the critical region, and show a con-
tinuous transition above the critical pressure. This will be further
discussed in the article VAPorizaTION dealing with the relations
between the two states. For the present purpose we may confine
our attention to a few simple types o equation for the gas or
vapour state, which is of primary importance in practice in rela-
tion to heat engines. |t appears that al simple substances with
stable molecules tend to approximate in the vapour state at low
pressures to the ideal gasequation PV = RT, in which the value o
the constant R varies inversely as the molecular weight (if Visthe
volume of unit mass) and is equal to the difference of the specific
heats in work units. An equation of this type receives a satisfac-
tory physical explanation on the kinetic theory o gases, but it
is the province of thermodynamics to indicate how the simple gas
equation must be modified to take account of deviations from the
ideal state, and to interpret the results of various experimental
methods as applied to the problem.

One of the commonest methods of measuring these deviations
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isto observe the variation of the volume with pressure at constant
temperature. The values o the product PV should then be con-
stant if Boyle's law is obeyed, and should give a horizontal line on
the PV — Pdiagram. As a rule the isothermal lines thus plotted
from observations at various constant temperatures, are nearly
straight for a moderate range of pressure at each temperature, but
have a downward slope, represented by d(#V)/dP = —-c, where ¢
diminishes with rise of temperature as the vapour approximates
more closely to the ideal state. Observations of this kind could be
represented by an equation of the type (42) by assuming PV to be
proportional to T at low pressures, and choosing ¢, or ¢c—b, to be a
suitable function of the temperature. But even if all the iso-
thermals were found to be horizontal, this method by itself would
not prove that PV was proportional to the absolute temperature,
asin PV=RT, since Boyle's law would be perfectly satisfied by
an equation of the type, PV =F(T), with F(T) any arbitrary
function of the temperature.

Fortunately the Joule-Thomson method, as described on page
98, affordsan independent means o verifying the form of the
characteristic equation. |t has the additional advantages of being
easy to apply and of measuring the small deviation itself, without
requiring any absolute measurements o volume, which are essen-
tial to the Boyle's law method, and very exacting. As shown by
the thermodynamic expression (40) for the cooling effect, any
substance for which C =0 must have a characteristic equation of
the general type V/T'=F(P), in which F(P) represents any ar-
bitrary function o the pressure. The ideal gas, PV=RT is a
,Special case for which F(P)=R/P. The condition C=o by
itself leaves the form of F(#) indeterminate. But when the same
gas also satisfies Boyle's law, which requires a characteristic equa-
tion of the form PV =F(T), the two conditions can be simul-
taneously satisfied only by the ideal gas equation PV =RT. Joule
and Thomson were therefore justified in their choice of the con-
stant of integration R/P in equation (41), since the gases they
employed also satisfied Boyle's law at low pressures.

Type of Equation Required by Condition (6).—Another case of
practical interest is to find the general form of characteristic equa-
tion compatible with condition (6), and with the simple form of
adiabatic equation (g), which follows by the first law of thermo-
dynamics from the assumption that the change of intrinsic energy
is proportional to that of ¢PV asexpressed in (6). Equations (6)
and (9) make no mention of temperature, and it is obvious that
the deduction o the relation between PV and T must essentially
involve an appeal to the second law with its implicit definition of
T. The most direct way of doing this is to find the two specific
heats, .S, and S», fromH and E as given by (6), and to equate the
difference, S,—S+, thus found to the expression (3j) for the dif-
ference of the specific heats as given by the second law. Thus by
differentiating (6) at constant volume we obtain for the specific
heat S,

So=(dE/dT)p=an(V—b) (dP/dT),. (s5)
Similarly by adding ¢PV to (6) to give H— Binstead of E— B,
and differentiating H at constant pressure, we obtain for the
specific heat Sy,
Sp=(dH/T)p=a(n+1)P(dV/dT),. (s6)
Substituting the differenceof these two expressions for S,—3S,
in (35), and dividing by a(dP/dT).(dV/dT),, we obtain the re-
quired expression for T in terms of Pand V in the form of adif-
ferential equation, namely,

T=(n+1)P(dT/dP)—n(V —b) (dT/dV), (57)
which is a special case of Lagrange's linear equation, and is easily
solved as follows.

(a) Write down the corresponding subsidiary equations of La-
grange, namely,
dT/T=dP/(n+1)P=—dV/n(V —b) (s8)

(b) Find any two independent solutions of these equations. The
two simplest and most obvious solutions of (58) are those given in
(10) above, which are alternative formsaf the adiabatic equation,
and are also solutions of (57). (c) To find the most general solu-
tion. including al other possible solutions, make one of these ex-
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pressions an arbitrary function of the other. Thiswill be the most
general form of characteristic equation consistent with (6) and
(9). The most convenient form for most practical purposes, giv-
ing V explicitly as a function of 7 and T, is as follows,

P(V=0)/T=F(P/T™) (59)
which is expressed in words by stating that P(V—25)/T must be
constant along any adiabatic represented by P/7%"=constant.
Thus (59) includes al possible forms of characteristic equation
consistent with the adiabatic found experimentally for steam, and
with the expression (6) for the intrinsic energy, which was as-
sumed as the basis of the equations first proposed for steam by
the writer (Proc. R.S. 1900, p. 269). At that time none d the
experimental evidence available, except that for the adiabatic,
extended much beyond 200 Ib. pressure and 200° C, and the state
of knowledge did not justify going further than the first approxi-
mation represented by equation (42), in which the arbitrary
function F was assumed to be o the simple form R/a—cP/T.
This proved to be a very good approximation and amply suffi-
cient at moderate pressures or high superheats, but it appeared
that higher powers of ¢P/T would be required at higher pressures.
and that no equation o this type could represent the accepted
theory of the critical state, as represented by the van der Waals
equation.

While retaining the fundamental assumption (6) it would evi-
dently be possible to construct an equation of the van der Waals
type, giving P as a cubic function of z/(V—0b), by replacing
P/T»in (59) by 1/(V—b)T*, as follows,

aP(V—=0)/RT=1—c/(V—0)+c*/3(V—0)? (60)
which would give a critical point of the usual type defined by the

conditions,

V—b=c=RT/3aP, (61)
but in the absence of accurate experimental data it was impossible
to predict that thiswould be more satisfactory than (59) in terms
of P, whereas it would certainly be much less convenient for
practical calculations.

I't has recently been found possible (Proc. R.S. Sept. 1928), to
extend the experimental range for water and steam to 400° C and
4,000 Ib. pressure, including the whole o the critical region.
Results obtained for water, by the steady flow method described
in the article CALORIMETRY, verify the thermodynamic equation
there given for the total heat with extreme accuracy up to the
critical point. Those for steam disagree materially on severa
fundamental points with the accepted theory of the critical state,
and appear to show that an equation o the type (59) is capable
o representing the critical phenomena with much greater accu-
racy than any equation of the van der Waals type. Since the
points in question are of primary importance with respect to the
relations between the liquid and vapour states, they are further
discussed in the article VarorizatioN, though they also afford a
good illustration of the application of the laws o thermodynamics
to experimental research.

As it would be impossible within the limits of this article to
illustrate or explain adequately the applications which have been
made o the principles of thermodynamics, it has been necessary
to select such illustrations only as are required for reference in
other articles, or could not be found elsewhere. For fuller details
and explanations of the elements of the subject, the reader must
refer to general treatises, such as Ewing's Thermodynamics for
Engineers (Cambridge, 1920), Birtwistle’s The Principles of
Thermodynamics (2nd ed , Cambridge, 1927) or Preston's Theory
of Heat (jth ed., 1928). One or two chapters on the subject are
also generally included in treatises on the steam engine or other
heat engines, such as those of Rankine. Ewing, or Perry. Of
greater interest, especialy from a historical point o view, are
the original papers of Joule, Kelvin and Rankine. A more
elaborate treatment o the subject will be found in many foreign
treatises, such as those of Clausius, Zeuner, Duhem, Bertrand,
Planck and others. (H. L. C)

THERMODYNAMICS AND PHYSICAL CHEMISTRY
Introductory. — The principles of thermodynamics (intro-
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duced in their modern form by Clausiusin 18s0) are the basis of
a method o dealing with mechanical problems in which heat
exchanges take place, without the necessity arising of considering
the detailed mechanical structure o a system. The system may
consist o an assemblage d an enormous number of molecules in
agitated movement and exerting attractions and repulsions upon
one another. Very little can be found out about the individual
motions and positions of these particles. Thermodynamics pro-
vides a means of examining certain properties of matter in bulk.
The principles that are discovered form the basis of the preceding
article and reference must be made to that article for their de-
scription and proof. They are applied there mainly to the prop-
ertiesd steam and its applications to steam-engines. | nthe pres-
ent article which deals with the application to bodies in general
we must be content with summarizing the fundamental facts
which will be utilized.

i. Theintrinsic or internal energy d a body can change by
the entry of heat (by conduction or radiation) and by the per-
formance of external work, i.e., JE=dQ— dW provided the sys-
tem remains sensibly in equilibrium (Conservation d energy).

ii. A body may get hotter evenif no heat flowsin. Theenergy
depends on the temperature and thisisincreased if work is done
upon the system even when dQ is zero (Adiabatic changes).

fii. The energy, E, depends only upon the state; so that, in
whatever way the system is changed, if the original stateis re-
turned to, theinitial value, E, is recovered.

iv. The work done dependsin general not only upon the ini-
tial and final states but also upon the path o transformation.

This results from the fact that threevariables at | east are nec-
essary to specify the state, viz., pressure, volume and tempera-
ture, and they are connected by only one equation (the equation
o state). The work doneisin each case /"#dV. | n acomplete
cycle the work doneis equal to the area enclosed by the cycle on
ap, Vdiagram. For any givenvalued ¥V, T and therefore p may
have different values on the return and forward paths and the
cycleenclosesan area. |t follows that for anssothermal reversible
cycle the pressure for any given volume is fixed and the work
done must be zero for the path then return5on itself.

v. The energy E depends on both the temperature and the
volume: for internal work can be done against molecular attrac-
tions when the volume changes.

When the system is subjected to a uniform pressure the funda-
mental equation becomes dH =CdT+ldv.

We select unit mass for consideration. |n this case C is the

specific heat at constant volumeand !/ (EAA—H) is the latent heat
v

o expansion. | nthecased a perfect gas, for which thecharacter-
istic equation is p»v=RT and for which no internal attractions
exist, so that the internal work is zero

dH =CudT+pdv

which can be put in thealternative forms (by using the character-
istic equation)

dH=C,dT —vdp= zia (Cppdv + Coodp)

where C, and C,, are the specific heats at constant volume and at
constant pressure.
From these for adiabatic changes (dH =o)

oTC/R = const.

RT

Cp/R
CodT = == dp=o I

or — const.

and Cpopdv+Cudp =0 or pvCe/C = const.
The work done is S pdv= —C,fdT = Co(T1—T5).

It is presumed that the changes are reversible throughout.
A very quick change isalways irreversible owing to the rushes of
material that take place. The only way to bring about approxi-

mate reversibility is to keep the heat from getting in or out as
well as possible by meansd non-conducting boundaries.



THERMODY NAMICS

vi. The second law of thermodynamics enables relations to
be found between the several quantities (or their derived quan-
tities). According to this law the work that can be done in a
reversible Carnot cycle is the maximum possiblefor the two ex-
treme temperatures concerned, and, independently of the working
substance, the work done divided by the heat taken in at the
higher temperature is equal to (71— T5)/T1: where T; and T
are absolute temperatures on the perfect gasscale. Thisratiois
called the efficiency.

[Thislaw isderived from thefact that heat can only flow down
agradient o temperature. Clausius showed that if a more effi-
cient performance were obtainable it would be possible to make
a hot body hotter while simultaneously a cold one became colder
without any performance d work. This would entail that heat
flowed up the temperature gradient.]

vii. Since the efficiency is also given by Q— = QI(SQZ
1 1
deduce that gl -2
. 1 TZ

Now in a Carnot cycle Q; and Q, are the only transfers d heat
(each at constant temperature) ; if therefore me define a quantity
¢ such that Td¢=d(Q this quantity ¢ undergoes zero change in
any completereversiblecycle. Itiscalled theentropy d the sys-
tem per unit mass.

For irreversible changes this definition is not complete. In
such changes there is kinetic energy d matter in bulk; and fric-
tion which is alnays present is continually frittering the motion
down into heat. If we regard the system as an assemblage o
small elements rubbing against one another the heat produced
flows across the boundaries d these elements. 1 n doing so some
has entered each element and produces the same changes d ¢, v,
7 and entropy as any heat entry would do. When this heat pro-
duction and corresponding entropy change is summed up for the
whole system we have

Tdp=d(Q+q)
where q is the heat produced by friction inside the walls d the
complete system. Sincefriction never produces "cold," dqg is al-
ways positive and consequently for any change
Td¢=d(.

Cases in which the equality sign holds are ideal cases only;
but they are approximated to more nearly the nearer a system
keepsin equilibrium states throughout.

The quantity 7 is, as we have said, the absolute temperature
according to a perfect gas scale. We could have defined it alter-
natively in terms d the efficiency equation and it is therefore
called the thermodynamic temperature. |t would have been nec-
essary then to show that it isidentical with theideal gasscae.

Theadvantagegained by introducing the conception d entropy
isthat it provides us with afunction d Q which depends (unlike
Qitself)only upon thestate d thesystem, provided that we meas-
ureit for reversible changes only.

viii. When any property d the state d a system (say E) is
defined completely by two independent variables (say x and y)
so that we can write

dI3=adx+bdy

dE d
), ad b= 65)
the following mathematical relation must bevalid, viz.:

da ab

ay)z— (Gx)u
the suffixesdenoting quantities which remain constant during the
partial differentiations to which they are appended.

This mathematical relation can be applied in the case d re-
versible changesto E and T which depend only on the state but
it cannot be applied to Q or to W, which depend upon the path
taken between the extreme states. In consequence some writers
prefer not to use the expressions dQ and dW for small changes
in Q and W because, for example, these may each acquire dif-
ferent values whether the “co-ordinates” o the system (e.g.,

where o=
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v, T) have changed on the whole or not. Small changes in quan-
tities which depend only upon the state are said to be perfect
differentials.

When there are more than two independent variables we can
apply the same theorem to any two o themin turn. For example,
adding a third term cdz, we have the additional relations

a_z)z,v ( ) Yz %)ﬂ;z = %i)z,z

where two d the independent variables are kept constant in each
differentiation.

The employment d thermodynamicsin the study d various
systems consists very largely o the application of thisimportant
mathematical theorem. We shall apply it first to homogeneous
systems in equilibrium.

Homogeneous Systems.—A homogeneous system is alike in
al its parts. | tsstate can be defined in terms d its pressure, vol-
ume and temperature. Any oned these three may be eliminated
by means d the so-called characteristic equation when it is
known; so that Q, ¢, E may be taken as functions o T and v,
d T and p,or o p and v. Since each portion is the same as any
other we can deal with unit mass. Since equilibrium exists the
temperature and pressure will be uniform throughout. No as-
sumption will be made as to the molecular constitution d the
system; nor, until applicationsare considered will any assumption
be madeasto theform d the characteristic equation.

For such a system we can write:

dQ = dE+pdv=C,dT+1dv

also = (dQ)/T.
so that dE = CudT+(—p)dv
and dg = C”]‘fT+ L

It follows that (a) ( )T— 6T(l D)o

v (o

Thelatter (b) multiplied by T gives
oy AL
g/t oT T

(i)
which, comparingwith (a), giver =T (5%)0

(an) _r (PP

For a perfect gas pv = RT,whence T ( ) » and (éc") =

and 37+

For avan der Waals gas 3—|— — (v=b)=RT, sothat

T (31*) p+ 2 and (%%)T= o;
whence dQ = C,dT + aiv + pdv; the term dv shows how the

energy depends upon the volume.
It will be noticed that these are all cross-relations between dif-

ferent terms. There is no thermodynamical relation giving Z_?

because C, and T both refer to the same term. We know nothing
about C, as a function d T except from experiment and from
tentative mechanical theory.

In asimilar way if dQ= CpdT+1'dp (T and p being taken as
independent variables) me have

(@) dE=C,dT+Vdp—pdv
CpdT +l’dp
and (b) do= -7 1

Now d(pv) = pdv+uvdp; and if this be added to both sides of
(& we have d(E-+pv) =CpdT4('+v)dp. Since, the product pv
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returnsto a fixed value whenever p and v do therefore E+pv aso
depends on the state alone and its change is defined herein terms

o 47" and dp. Hence
D= e+ ],

[ (®]= @),

whichyield finally ' = —T (6—T>P and (%9,>T= - T(g’ﬁ” ,

and

I tisto benoted that these equationsin reality express the con-
nections that must e sb e ene propertiesd a substance
in order to bring about the universality d the value o the effi-
ciency if the substanceswere employed as the working substances
in reversible engines working between two given temperatures.
A high vapour pressure or a low boiling point does not lead to
higher efficiency, the variables being so interconnected that this
is impossible.

The above equations hold for any homogeneous systems. The
equation

dQ = CdT+T ((%)v dv

is exceedingly important, embodying al that can belearned from
the two thermodynamical principles, and serving as a secondary
starting point from which other relations may be obtained with-
out further reference to the two principles. For exampleif x is
any other variable we can write

a0y _ opy (&2
(ﬁ & C”+T<6T>v (dT ®
the suffix x indicating that X is to be kept constant during the
d
differentiation. For example, if x=p (the pressure), (Zig)’ =Cp

(the specific heat at constant pressure) and we have

CH—T( ) (

which is an expression for the difference between the two prin-
cipal specific heats. For a perfect gas the right hand side equals
R, the gas constant. For a van der Waals Auid it equals

2a (v— b)?

R/ (-5

Berthelot's equation of state isvery Wldely used in calculating
the differenced the specific heats. The equation is

(et 5) (=) =5~

I't is given herein its "reduced” form; i.e., the actual pressures,
volumes and temperatures are given as the fractions a, 8, v o

their respective critical values. g P
) - culating in the same way,
this equation leads to 9 &y

. _32 pcvc
Cp—Cy=
D 9 Tc

when g islarge compared with unity. Thiscan be written
6
Cp—C,=R (I + 'ﬁi) ( +
where R is the characteristic constant of the gas.
Callendar’s simplified equation, v—b=RT/p—c/T* leads to
nep
Co—Co= R (147 r»+1) )

The last two equations are only applicable when the density is
moderate.
Saturation Vaues.—As a second application, let x denote a

approximately

)

27 @
16 'y"'

d
change along the line of saturated vapour; then (ﬁ)x becomes

g, the specific heat of saturated vapour, and .
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7= C"""T( ) (8T oat.

a
Now (6_1?1)7: isalways positive and (ﬁ)m is always negative

50 that ¢ isalways lessthan C, and it may even be negative. This
latter is the case for steam at al temperatures. The values for
sulphur dioxide have also been studied in detail experimentally
bgr Mathias (Comptes Rendus, t. cxix. p. 849). The importance

this substance in mechanlcal refrlgeratlon warrants quoting
the values in some detail:

t°C o 20 40 60 80 100 110
T —0:410|—0°357|—0.300 |—0-235 |—0-165 |}0-027 | }-0-062
t° C 120 125 130 140 150 155
I —0'078|—0-176|—0306 |—0-620|—1-253 |—3-850

It appears that for this substance ¢ is negative except between
the temperaturesg7-5° C and 114° C. When plotted against tem-
perature the curve is an inverted unsymmetrical U. Thisis so
for all substances but in many casesit lieswholly in the negative
region. The value o ¢ for the liquid along the saturation line
has also been studied by Mathias. |t is positive (because for the

dv . "
liquid (ﬁ)m ispositive) and changes from o-315 at —20° C to

1-800 at 155° C.
We can start equally well from the equatton

40 = CAT—T (g—;) dp

7=Gp T( )(dTm

The thermodynamic equations employed above are exact. It
should be noted, however, that the characteristic equations are
only approximate at best. The underlying assumption that is
made in deriving them is that the system consists & molecules
dikein al respects. Even insuch acaseit is not to be expected
that the #, », T, equation should be d a simple form. It is much
simplified by the fact that we are only concerned with average
values. No instrument is capable & measuring either the pres-
sure or temperature at a single point and asingle moment d time.
Each quantity measured is an average value over such a volume
OF area OT time as to maint