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COLEBROOKE

OLEBROOKE, HENRY THOMAS (1765~
1837), English orientalist, was born in London,
June 15, 1765, and died March 18, 1837. He served
in India as a civilian from 1782 to 1814, being a
member of the Council of India for the last seven
years of his’ service. After his return from India;
he was a director of the Asiatic society. Colebrooke completed
the translation of the Digest of Hindu Laws, begun by Sir Wil-
liam Jones, and wrote a Sanskrit Grammar (1805) and an Essay
_on the Vedas (1805), which was for a long time the standard
work on the subject. -

- COLEMAN DU PONT ROAD one of the most remark-
able highways in the United States, concewed and built at his own
expense and presented as a gift to the state of Delaware by
Senator Coleman du Pont. It runs from Wilmington, Del. to the
Maryland-Delaware state line at Selbyville, a distance of 98 mi.
The original right- of—way, 200 ft. in width, was designed for a
divided highway by-passing towns. This is believed to be the first
highway to be built which was thus planned.

COLEMANITE, a hydrous calcium borate found in Cali-
fornia as monoclinic crystals (CaBs0115H.0). It contains 50.9%
of boron trioxide, and is an important source of commercial
borates and boracic acid. Beautifully developed crystals, up to
two or three inches in length, encrust cavities in compact, white
colemanite; they are colourless and transparent with brilliant
lustre. There is a perfect cleavage parallel to the plane of sym-
metry of the crystals Hardness 4—4%; sp. gr. 2.42. The mineral
was first discovered in 1882 in Death valley, Inyo county, Calif.,
and in the following year it was found in greater abundance near
Daggett, in San Bernardino county, Calif., forming with other bo-
rates and borosilicates a bed in sedimentary strata of sandstones
and clays. Priceite and pandermite are hydrous calcium borates
with very nearly the same composition as colemanite.

COLENSO, JOHN WILLIAM (1814-1883);, English
bishop of Natal, was born at ‘St. Austell, Cornwall, on Jan. 24,
1814. In 1836 he was second wrangler and Smith’s prizeman at
Cambridge, and in 1837 he became fellow of St. John’s. Two
years later he went to Harrow as mathematical tutor, but the
school was just then at the Iowest ebb, and Colenso not only had
few pupils, but lost most of his property by a fire. He went back
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to Cambridge, and in a short time paid off heavy debts by diligent
tutoring- and by the proceeds of his series of manuals of algebra
(1841) and arithmetic (1843), which were adopted all over Eng-
land. In 1846 he became rector of Forncett: St. Mary, Norfolk,
and in 1853 he was appointed bishop of Natal. He learned the
Zulu language, of which he compiled a grammar and a dictionary,
and translated the New Testament and other portlons of Scrip-
ture into Zulu. He had already given evidence, in a volume of ser-
mons dedicated to Maurice, that he was not satisﬁed with the tra-
ditional views about the Bible. The puzzling questions put to him
by the Zulus strengthened him in this attitude and led him to
make a critical examination ‘of the Pentateuch. His conclusions,
positive and negative, were published in a series of seven treatises »
on the Pentateuch, extending from 1862 to 1879, with the general
title, The Pentateuck and the Book of Joshua critically examined.

While the controversy raged in England, the South African

_bishops, whose suspicions Colenso had already incurred by the
liberality of his views respectinig polygamy among native converts

and by a commentary upon the Epistle to the Romans (1861),
in which he combated the doctrine of eternal punishment, met,
and pronounced his deposition (Dec. 1863). Colenso, who had
refused to appear before their tribunal otherwise than as sending

-a protest by proxy, appealed to the privy council which pro-

nounced that the metropolitan of Cape Town (Robert Gray)
had no coercive jurisdiction and no authority to interfere with
the bishop of Natal. No decision, therefore, was given upon the
merits of the case. His adversaries, though unable to obtain his
condemnation, succeeded in causing him to be generally inhibited
from preaching in England, and Bishop Gray not only excom-
municated him but consecrated a rival bishop for Natal (W. K.
Macrorie), who, however, took his title from Maritzburg. Colenso
returned to his diocese, and continued his work as a biblical com-
mentator and translator. By. his championship of the natives
against Boer oppression and official encroachments he made more
enemies among the colonists than he had ever made among the
clergy. He died at Durban on June 2o, 1883

COLENSO, a village on the Tugela river in Natal, 16 mi.
S. of Ladysmlth was the scene of a battle in the South African
War (g.v.) on Dec. 15, 1899, between the Boers and the British
force under Gen. Buller, which was endeavouring to relieve Lady-
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smith (g.v.). Buller, having assembled 20,000 men at Chieveley,
moved forward, after two days’ preliminary bombardment, to at-
tack about an equal force of Boers under Louis Botha, who had
entrenched themselves in a strong position on the north bank-of
the Tugela. Little was known by the British of the enemy posi-
tions or of the country they were to fight over. Two brigades were
engaged, the one in a frontal attack at Colenso, the other 2 mi. far-

ther west in what was intended to be a flank attack, but eventually | |,
The artillery supporting the right attack, |

also became frontal.
- coming into action within close range of the Boer positions, was
quickly silenced; the infantry advance did not take place, and ten
guns, despite repeatéd gallant attempts to bring them off, fell into
Boer hands. The left brigade early lost direction and coming under
concentric fire in a loop of the river suffered considerably and
had to.be withdrawn: Although little more than half his force
had been engaged, Buller before mid-day issued orders to break

off the action and return to camp. ‘The so-called battle had, in"

fact, been little more than a reconnaissance in force, in which
practically no loss had been inflicted on the Boers; but its moral
effects, coming immediately after two other British defeats in
the same week at Stormberg and Magersfontein, were consider-
able; Britain and the empire for the first time realized the true
difficulty of effectively subduing the resistance of the South Afri-
can republics, and were roused to efforts commensurate with the
task. Pop. (1936) 1,123, including 443 whites.

COLEOPTERA, a term used in zoological classification for

the true beetles which form one of the best defined -and. most
natural orders of the Insecta. They vary very greatly in size and
include some of the largest and. also some of the most minute
members of that class: thus Dynastes hércules attains a length of
15smm. (6in.) while there are members of the family Trichop-
terygidae that look like mere specks, less than .smm. long. The
name (Gr. xoleos a sheath, and wrepd wings) is in allusion to the

LABRUM |

*MANDIBLES

MAXILLAE
ANTENNA

LABIUM
(2ND MAXILLAE)

F1G. 1.—STAG BEETLE
The name Is derived from the large, strong mandibles, found only in the
male, which resemble horns of a stag

fore-wings which form horny or leathery sheaths or elytm which
serve, when closed, to protect the membranous hind-wings which
are folded beneath them, Their mouth-parts are adapted for biting
and the prothorax is large and mobile.. Beetles pass. through a
complete metamorphosis and their larvae are very varied in form,
but generally possess legs or rudiments of them; only rarely are
they footless. The above general definition will serve to recognize
the majority. of these insects of which approximately 180,000
species have been described. They form, it may be added, the
largest single order in the whole animal kingdom: about 3,400

species occur in the British Isles and over 20,000 species are found
in N. America.  Perhaps the most characteristic feature of beetles
is the solidarity of the integument exhibited in so many species,
which is an important factor in protecting them against various
enemies, and has evidently contributed much towards their domi-
nance in the insect world. The habits of beetles are extremely

| varied, but they are more especially insects of the ground and
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Fie. 2—UNDER SURFACES OF HEADS . OF -TWO MEMBERS OF BEETLE
. FAMILY
. Above, Weevﬂ below, Ground Beetle

elther 1nhab1t the soil or the various decaying animal and vegetable
substances present. Consequently dung, carrion, vegetable refuse,
rotting wood, and fungi all give sustenance to large numbers of
these insects. On the other hand, many beetles, especially those
of the metallic or ‘other brilliant colours, are met with in associa-
tion with growmg ‘vegetation and a con51derab1e number are aquatic
or sub-aquatic in habit.
‘General Structure.—The head is strohgly- chltmlzed and bears

compound eyes but rarely ocelli: in most beetles a gular plate is
present on the floor of the head,
excepting weevils (fig. 2). The
antennae vary greatly in charac-
ter in different families: the man-
dibles are strong-and very greatly
developed in male stag-beetles
(fig. 1) but as a rule they do not
vary much in the two sexes: the
maxillae consist of the typical
parts, and the labium is charac-
terized by its variability of form..
The prothorax is a large shield
forming the whole region between
the head and the elytra, while
the legs are generally adapted for:
running, more rarely for digging
and, in'water beetles,-one or more
pairs are flattened and oar-like
for purposes of swimming. The elytra are the hardened modified
forewings and are protective rather than alary in functxon they
are variously sculptured and meet along the middle line: of the
body. The hind-wings (fig. 3) exhibit a characteristic venation
which is. of importance in classification: their most noteworthy
feature is the presence or absence of a closed cell or oblongum.
The number of segments in the abdomen is variable, ten being the
maximum,. and the first sternum is aborted: a true 0v1p031t0r is
absent and the male genitalia are concealed. .

FI1G. 3.—HIND-WING OF ' (ABOVE)
WATER BEETLE, AND (BELOW),
CLICK BEETLE, SHOWING DIFFER-
ENCES IN THE ARRANGEMENT OF
VEINS



COLEOPTERA I 3

Classification.—Many systems of classifying beetles have been
proposed and one of the most satisfactory is that of Ganglbauer,
who divides them into two main suborders and seven superfamrhes
as below.

ADEPHAGA

Antennae ustally thread-like: tarsi 5-jointed; hind wings with
an oblongum and ome or two cross-veins near. middle: (fig. 3):
first visible abdominal sternum completely
‘divided by hind coxal cavities. Larvae

predaceous, campodeiform  (fig. 23) and
‘usually with definite tarsi and paired. clows.

The Adephaga consist of a single super-
family, the Caraboidea, whose characters
are ‘as given above.. Ten families are in-
cluded here and the most 1mportant are as
follows:

The Czcmdelzdae (fig. 4) are’ known as
tiger beetles and rank among the most vo-
racious of carnivorous insects, Their slen-

-der legs, acutely toothed mandibles, very
prominent ‘‘eyes and the presence, of a
jointed hook at the apex of the lacinia.of
the maxilla, are special distinguishing fea-
tures. They are often hrightly coloured

“and run and fly with great rapidity in sun-
shine. The species of Cicindela frequent sandy places, including
the sea-shore, where their larvae construct deep burrows and feed
upon other insects which they suddenly seize when near these re-
treats. About 1,800 species are known: four species inhabit the

British Isles and 114 species occur in N America, but the majority

frequent hot: countries.

The Carabidae (fig. 5) comprise the carnivorous ground beetles
of which over 17,000 kinds are known, They are. distinguished
from the Cicindelidae by the.-absence -of the jointed ‘hook to
the lacinia, and by the.fact that the clypeus does not extend over

F16. 4.—TIGER BEETLE
‘These beetles are fierce in
nature,. captaring other in-
sects “with  their sharp
mandibles’ X

the bases of the antennae. They mostly occur in the soil, under.

stones, in moss, under bark, etc., and are active runners: many
species have hind wings reduced
or absent, and the elytra soldered
together. Since these beetles and
their, larvae prey upon other in-
sects, worms, etc., they are dis-
tinctly useful to man: a few spe-
ciesmay attack cereals and straw-
berries, but this is exceptional.
The Dytiscidae (fig. 6) are a
large family of carnivorous water
beetles. Their hind legs function
|. as oars, being flattened and pro-
“vided Wlth long ‘hairs.” ‘In the
males of some genera three seg-
ments of the fore tarsi are ex-

FIG. 5.—GROUND BEETLE
A member of the carnivorous family,
Carabidae; ground beetles are found -

Jlarvae prey upon other forms of
aquatic . life including even tad-
poles and small fish: their long
-sickle-like jaws are perforated by
a fine canal through whlch the body-fluids :of: their victims are
imbibed.. The family is world-wide and includes about 2,200
species. .

Other famlhes include the Gyrinidae or Whlrhglg beetles whlch
swim on the surface of fresh water, and the curious Paussidae
which mhablt ants’ nests. ~

POLYPHAGA

Antennae and. torsi very wvariable: hind wings without cross-
veins or oblongum (fig. 3): first visible abdominal sternum not
completely divided by hind coxal cavities. Larvae very varzable
. in form and habit: tarsi wanting, claws single.

in the soil, under stones;- or under
bark

panded - to ‘form - sucker' pads-
which enable them to-hold the |
females during pairing. - Their |

SUPERFAMILY 1. STAPHYLINOIDEA :
Antennae simple or clubbed: venation of hind-wings without
any closed cells, often greatly reduced. Lar'uae'genemlly campo-
deiform. ;
The Stapkylmzdae (fig. 7) or tove-beetles amount to about
13,000 species, over 8oo inhabiting the British Isles. They are
easily :distinguished by the very short elytra which usually leave
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. F16. 6,—WATER BEETLE )
In these aquatic beetles, the intermediate and.: hmd legs are modified as
swimming organs
the greater part of the abdomen. uncovered. Both these beetles
and their larvae inhabit the soil or decaying organic matter of
many kinds: some are carnivorous.and. others feed on refuse.
The Silphidae (fig.. 8) include the car-
& | rion beetles and allies. The true burying
| beetles (Necropkorus). are:large black or
black and orange insects feeding . upon
small animal carcasses. The larvae of some
species of :Silpha prey upon snails or cater-
pillars, while those of .S. opaca attack root
crops.

The Histeridae are a large. family of
hard, shining beetles with elbowed, clubbed
antennae: the elytra are shortened behind,
THE STAPHYLINIDAE leaving the: last two. body-segments ex-
GROUP posed. Hister and its allies frequent dung
and carrion while other genera live under bark. The larvae are
carnivorous.

Among other families, mention must be made of the Trzchop-
terygidae which are the most minute of all beetles. .

SUPERFAMILY 1II. DIVERSICORNIA

Antennae generdlly clubbed or serrate: tarsi 1- to 5-jointed but
not heteromerous. Larvae very varied. ;

This enormous division includes ‘a great number of families"
and is to be regarded as a provisional group, including all those

T -1 forms not belonging to.other superfam-
ilies: only a few of the important families
can be mentioned here.

The Coccinellidae (fig. 9) or ladybxrds
are rounded insects with the head. con-
cealed under the thorax: the antennae are
feebly clubbed and the tarsi. have three
evident joints. Most of the species -are
brightly .coloured, and spotted, and since
both the larvae and . adults prey upon
aphids and other soft-bodied insects, the
family is: highly beneficial to man. ;A small
number, however, are injurious to vege-
FI6. 8.—SEXTON BEETLE {atjon, espec1ally the squash-ladybird Epi-
lachkna borealis of the United States. More than 2,000 kinds of
ladybirds are known and they occur in most parts of the world.

The Dermestidae are hard; dull-coloured insects with scaly. or -
hairy elytra. Their larvae are active, hairy, with evident legs and
feed upon dried animal matter, fur, hair, bacon, etc. Certain spe-
cies have become widely spread through commerce and 16 occux
in the British Isles.

- The Hydrophilidae (fig. 10) are aquatlc or. sub-aquatlc beetles
numbering about 1,000 species. They are herbworous in habit and

F1G. 7.—ROVE-BEETLE, A
EUROPEAN MEMBER OF
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can be recognized by the very long maxillary palpi which are often
mistaken for antennae: the latter organs are very short and termi-
nate in a hairy club. The large black Hydrophilus piceus when
submerged, carries a supply of air beneath the elytra, and lays its
eggs in a kind of cocoon attached to a leaf: its larva feeds upon
other aquatic organisms.

The Cantharidae (fig. 11) are very soft-bodied elongate insects
with long legs-and antennae, and include the glow-worms (Lam-
pyris, etc.) (¢g.v.) and the so-
called soldier beetles (Tele-
phorus). The larvae are mostly
carnivorous.

The Buprestidae (fig. 12) are
conspicuous metallic insects with
short serrate antennae and com-
prise over 5,000 species. They
are essentially tropical andamong
the most brilliantly coloured of
all insects: some species, owing
to their splendour and metallic |
lustre, are used in embroidery
and jewellery. The beetles fly ac-
tively and inhabit forests where
their larvae mostly live beneath
the bark, wood and roots of trees.

The Elateridae or click beetles
are a large and important family
of wide distribution. By means
of a peg and socket arrangement
on the under side of the body,
these insects are enabled to leap
into the air with a clicking sound,
hence their name. The larvae of
certain species of Agriotes, and
other genera, are known as wire-
worms (fig. 13) and are exceed-
ingly destructive. to cereals,
grasses and root-crops, feeding
actively on the underground parts
of the plants. Included in this ihe Ladybird belongs, lives mainly on
family are the “fire-flies” (Pyro- plant lice
phorus) of tropical America,  which emit a bright light from
localized areas on the thorax and the base of the abdomen.

ApuLr

* PUPA

—— ANTENNA
oF AouLr

AFTER WARLATT, BY COURTESY OF THE U.S.
DEPARTMENT OF AGRICULTURE

FiG. 9.—LADYBIRD, SHOWING THE
PUPA, LARVA, AND ADULT
The Coccinellidae family, to which

~Among other families the Anobiidae or “death watch” beetles
and the Lyctidae or powder post beetles should be mentioned. - |

SUPERFAMILY III. HETEROMERA

Fore- and middle tarsi 5-jointed, hind tarsi 4-jointed. Larvae
campodeiform, or more usually an intermediate type.

The Heteromera include 17 families whose members exhibit
great diversity of form and habit but all
agree in the possession of the tarsal char-
acters enumerated above. The two most
important families are the following:

The Tenebrionidae are a very large
group of beetles, variable in size and form,
and number about 10,000 species. The
familiar “black beetles” of the genus Blaps
occur in cellars and outbuildings, and
species of Tenebrio infest flour, meal and
stored goods, their larvae being known as
meal worms: most members of the family,
however, occur on the ground, under stones
and logs, or beneath bark. FIG. 10.—BLACK WATER

The Meloidae (fig. 14) comprise the BEETLE
blister beetles and oil beetles which are soft bodied insects with
the elytra (often abbreviated) not fitting closely to the sides of
the body, the head constricted behind forming a neck, and the
claws of the feet cleft to the base. Their life-histories are very
remarkable and the newly hatched larvae are active creatures
known as triungulins. In Melje -and Sitaris these triungulins are
dependent upon meeting certain wild bees, so, that they may be

carried to their nests where they complete their development.
Here they feed upon the eggs and stored honey or the latter only,
and at each moult change their form and undergo a remarkable
hypermetamorphosis (see: INsects). The “spanish fly,” Lytta
vesicatoria, which yields- cantharidin, is also a member of this
family.

Mention should also be made of the Rkipiphoridae whose larvae
are parasites of wasps, etc., and the Pyrochroidae which include
the scarlet, or scarlet and black, cardinal beetles.

SUPERFAMILY 1V. PHY’I_‘OPHAGA
Plant-feeding beetles with the antennae gemerally simple, less

often pectinate or serrate: tarsi
/FE“ALE
[}

apparently  4-jointed, the 4th
joint minute and concealed by
the 3rd joint. Larvae eruciform
with short or rudimentary legs.

The Chrysomelidae or leaf-
beetles (fig. 15) number about
20,000 described species, being
the second largest family of Cole-
optera. These insects are usually
bare and shining often with me-
tallic colours, the antennae are
of ‘moderate length and are not
embraced by the eyes around
their points of origin from the
head. Included in this family are
such well known insects as the
Colorado potato beetle and the
asparagus beetle. In all cases the romorosy» (mMernuen & co.)
larvae and beetles feed on the Fic. 11.—GLOW-WORM
leaves and other parts of plants: PHONUS TARDUS)
in the elongate metallic species of Domnacia the larvae live sub-
merged in the roots and stems of water plants.

The Cerambycidae or longicorn beetles (fig. 16) .are closely

FROM IMMS, “GENERAL TEXTBOOK OF EN-

(LAMPRO-

allied to the above family but are more rarely metallic and usually

somewhat pubescent, elongate insects with the bases of the an-
tennae more or less embraced by the eyes. The antennae are
frequently elongate and slender, usually longest in the males and
sometimes several times longer than the whole insect. They
are mainly denizens of woods and-forests, and about 13,000
species are known. Their larvae have soft fleshy bodies with a hard
head and jaws, broad prothorax and very much reduced legs: they
tunnel into the wood of trees and are often destructive. Some
species live several years as larvae.

The other family of Phytophaga is the
Bruchidae (or Laridae) whose larvae live
in seeds, especially dried peas, beans, etc.

SUPERFAMILY V. RHYNCHOPHORA

'Head generally produced into a beak or
rostrum: gular plate absent and repre-
sented by a single mid-ventral suture: tarsi
with four evident joints. Larvae legless
and maggot-like.

The Rhynchophora are a vast assem-
blage of insects usually very easy to recog-
nize and are all plant-feeders. They are
divided into four main families of which
the most important are the following:

The Curculionidae or weevils (figs. 17 Frg 12.—THE BUPRESTID
and 2) include nearly 30,000 known species BeeTLE oF JAVA
and great numbers still await discovery in The anterior wings of this
tropical lands. They are usually recognized :’n"::t': o‘f"gre;‘:e" as orna-
by the pronounced rostrum or beak, the
clubbed elbowed antennae and the very reduced rigid palpi. The
female often uses the rostrum as a boring instrument to prepare
a place for egg-laying and the organ is usually longest in that sex.
As a rule weevils (¢.v.) are sombrely coloured but the tropical
diamond beetles are beautiful insects. The family includes many
destructive species including the cotton boll weevil, the grain
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weevils and the apple blossom weevil.

The Scolytidae (Ipidae) or bark beetles bore into the bark and
wood of trees and are among the most serious enemies the forester
has to contend with. They are hard, cylindrical insects devoid of
a rostrum and with the tibiae armed with denticles (fig. 18).
They construct galleries of very definite patterns beneath the bark,
and their larvae closely resemble those of the weevils. .

SUPERFAMILY VI. LAMELLICORNIA

Antennae clubbed, the club composed of plates or comb-like
projections: legs stout and spiny,
used for burrowing, tarsi -
jointed. Larvae fleshy and cres-
centic with rather long legs.

There are three families of
Lamellicornia as follows:

-The Lucanidae or stag beetles
(fig. 19) are notable owing to the
great development of the man-
dibles in the males, in which sex
they  are often antler-like in
form: the use of these organs is
problematical. The antennae are

. elbowed and the elytra cover the

apex of the abdomen; their lar-

vae inhabit decaying trees or
their roots.

The Passalidae are confined to
tropical forests: unlike the Lu-
canidae they have striated elytra
and the jaws in the two sexes are
alike. Their larvae live gregariously in wood and are tended by
the parent beetles.

The Scarabaeidae (fig. 20) number over 14,000 species: the
rose chafer, cockchafer and the “dor” beetles are familiar ex-
amples, while the sacred beetles or scarabs of ancient Egypt also
find their place here. They are somewhat convex with very short
antennae which are not elbowed, and the elytra do not cover the
apex of the abdomen. The Scarabaeus has been studied by J. H.
Fabre and the female beetles collect dung into balls which they
roll along the ground and store in the earth as food for themselves
and their larvae. The African goliath beetles (fig. 21) are among
the largest of all insects. The larvae in this
family feed upon dung, rotting wood, etc.,
or at the roots of plants: the latter habit
prevails among cockchafers and great in-
jury to crops may result.

Reproduction and Development.—
The eggs of beetles are laid in all kinds of
places and most of them are ovoid with-
out special features. Beetles are not very
prolific and, although the oil beetles may
lay . several thousand eggs apiece, this is
exceptional. By ladybirds the eggs are laid
in batches on leaves, some. water beetles
enclose ‘their eggs in a kind of cocoon,
. while many weevils lay them in deep holes,

. drilled by the rostrum of the female, in

Fie. 14.—oIL BEETLE - the food plants:::All beetles undergo com-

The larvae of this groud plete metamorphosis and their larvae vary

elop into mature growth ik

only under nourishment greatly in character (fig. 22). They may

derived from wild bees’ be active and seek out their prey, as in the

eggs and honey ground beetles, tiger beetles and ladybirds

(figs. 22 and 23). Others, such as the chafers (fig. 22), have

sluggish larvae, and live below ground or in rotting wood: although

possessed of well formed legs they seldom seem to use them.

In the weevils the larvae are legless maggots (fig. 22), remain-

ing in close association with their food. When fully fed, beetle

larvae transform into generally pale-coloured, very thin-skinned
pupae which have the appendages free (fig. 17). Such pupae
are commonly found without a' special cocoon in the soil or

PUPA
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FIG. 13.—WIREWORM, THE LARVA
OF CERTAIN CLICK BEETLES. IT IS
DESTRUCTIVE TO ROOT CROPS )

in whatever material the larvae fed upon. In some cases earthen

protective cells are constructed or a loose cocoon of wood or debris,
while a few weevils form attractive net-like or seed-like cocoons
attached to their food-plants.

As a general rule, beetles have a single generation in the year .

and many of them hibernate as adults under bark, in moss, etc.
Some species, such as certain bean weevils and the cotton boll
weevil, may complete their life-cycle in a few weeks, and there
results a number of broods in the year: the same remark applies
to certain beetles living under warm conditions in stored grain. On
the other hand, the cockchafer and stag beetle require several years

.to. complete their transformations. Certain beetles of parasitic

habits undergo hypermetamorphosis (for definition see INSECTS).

Thus, some of the Staphylinidae of the
genus Aleochara hatch from the egg as
“active free larvae; which roam about and
seek the puparia of certain kinds of flies.
They bore their way into their hosts and
transform into.inert sluggish maggots with
vestigial limbs. The same peculiarity is
found.in the Melbidae whose active newly
hatched larvae are known as. triungulins
(see above).

Geographical Distribution. — Cole-
optera are the most widely distributed of
all large orders of insects and no other
order has invaded the land, air and water
to so great an extent. Many of the domi-
nant families such as the Carabidae
(ground beetles), Curculionidae (weevils)
and Scarabaeidae (chafers) are almost as

widely distributed as the order itself. On the other hand, the Dytis-
cidae (water beetles) are more abundant on the northern conti-
nents, while the Cicindelidae (tiger beetles); Buprestidae, Ceram-
bycidae (longicorns) and Lucanidae (stag beetles) are essentially
tropical families, becoming scarcer in more temperate zones. Some
of the smaller families, however; are very restricted in their range,
the Proterhinidae (closely allied to the weevils), for example, being -
almost confined to the Hawaiian Islands, and the aquatic family
Amphizoidae only occurring in: parts of N. America and Thibet.

F16. 15.—LEAF-BEETLE
These destructive beetles
comprise about . 20,000
species. The mandibles are
strong, and adapted to a
vegetable diet

“Certain species of beetles of diverse families appear more toler-

ant of climatic differences than ‘others, and about 500 kinds are
common to Europe, N. America and northern Asia. Many have
become widely spread through the agency of man and over 100
species, more especially those affecting grain and other stored.
products, are now practically cosmopolitan. The study of island
life yields some interesting fea-
tures relative to the distribution.
of beetles. Thus, in the Madeira -
Islands, Wollaston found 580
species ‘of Coleoptera, and of
these, 266 kinds are peculiar to
those islands, although allied to
" Eurepean species: in the Hawai-
ian Islands, Sharp mentions 428
species among which:352 species
have not so far been found else-
where. Thus the peculiar;species
must have formerly existed else-
where, migrated to the islands
mentioned, and since become ex-
tinct in their original homes, or
. they must have been. evolved
within the islands—the latter be-
ing the more probable.
Geological .Distribution.—
The oldest known fossil beetles
come from the Upper Permian beds of New South Wales and
consist of elytra only: these remains have been referred to
special families, unrepresented at the present day, and certain of
them show affinities with the existing family Hydrophilidae. A
great number of fossil remains of beetles have been found in the
Upper Trias of Ipswich, Queensland, and in the Trias of Switzers

FIG. 16.—LONGICORN BEETLE, A
MEMBER OF THE CERAMBYCIDAE
FAMILY '
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land.- Some of these Triassic fossils are leaf-beetles and weevils,
while the English Purbeck beds have yielded remains of bark
beetles. In the Tertiary rocks of Colorado and Florissant and in
- the Prussian amber (Oligocene) many fossils referable to living
genera have been found, including about 400 species of weevils.
Natural History.—Beetles and their larvae live and feed in
almost all the diverse ways found among insects. The carnivorous
habit of seeking and devouring living prey occurs in the ground
beetles, tiger beetles, ladybirds and in water-beetles of the family
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BY COURTESY OF U.S. DEPT. OF AGRICULTURE, FROM CHITTENDEN, “YEARBOOK, 1894”

FIG.-17.—THE GRAIN WEEVIL; A SOURCE OF GREAT AGRICULTURAL LOSSES

Left: Calandra granaria; above, pupa; below, larva;j right, Calandra oryzae
Dytiscidae. In these instances the beetles and their larvae have
like habits. In certain rove beetles of the genus Aleochara, in the
ground beetle Lebia scapularis and in the curious Metaecus para-
doxus (fam. Rhipiphoridae) the larvae are true parasites and the
beetles free-living—a habit that is rare among Coleoptera. The
Metaecus occurs in Britain and its newly hatched larva is a minute
black, active creature which, by some unknown means, finds its
way into wasps’ nests.  Here it becomes an internal parasite of the:
wasp grub and subsequently bores its way out of its host, finally
devouring the remains. A vast number of beetles and their larvae
feed directly upon plants: this is the case with the whole family
of the Chrysomelidae, or leaf beetles, and with the weevils. Others,
such as the Cerambycidae (longicorns), Scolytidae (bark beetles)
and Buprestidae, feed in the larval stages upon the wood or bark of
trees. Wireworms, or injurious Elaterid larvae, and chafer larvae
feed on the roots of various crops. Weevils have very diverse
habits and no parts of plants from *
the roots to the seeds are exempt
from the attacks of one or more
. species. There is again a great

-and diverse assembly of beetles,
and more especially their larvae,
which feed entirely upon decay-
ing organic.- matter of wvarious
sorts. Thus.the Silphidae include
many carrion feeders and- are
well exemplified by the burying
beetles; hosts of rove beetles fre-
quent refuse.-of -all kinds, -and
many ' Scarabaeidae live in dung.
We have'to add to these examples
the many beetles and their larvae
thatlivein grain and other stored
products, and those attacking
hides, furs, museum specimens,
tobacco and drugs.

Apart from the more usual
habits it is interesting to note cer- - young beetle, on emerging, cuts fresh
tain exceptional modes of life galleries off the original passage
found among beetles. There are genera and even whole families
that live in the nests of ants or of termites. There are others that
inhabit the extensive limestone caves of Europe and North Amer-
‘ica, while certain blind ground beetles are enly met with beneath
huge' boulders deeply embedded in the earth. There are also
species that inhabit the sea-shore and are submerged by the tides:

AFTER HOPKINS, BY COURTESY OF THE U.S.
DEPARTMENT OF AGRICULTURE '
F16. 18.—BARK BEETLE
The adult beetle tunnels beneath the
bark to deposit her eggs, and the

| legs are modified in various ways.

COLEOPTERA

Means of protection against enemies are very varied among
Coleoptera. Some are cryptically coloured and closely resemble
their surroundings: thus- in the African longlcorn Petrognatha
gigasthewholeupper surface resembles dead
velvety moss, and its irregular antennae are
very like dried tendrils or twigs. Many"
weevils fall and feign death at the least
alarm and, folding their limbs close around
the body, look like seeds or particles of soil,
thus escaping observation. There are again
beetles, especially those living in ants’
nests, that resemble ants, and the common
wasp beetle of Europe, both in its move-
ments and colouration, closely resembles a
wasp (for further instances of this kind see
the article Mimicry). There are other
beetles which obtain some measure of pro-
tection possibly from their repellent ap-
pearance, or from their property of emit-
ting evil-smelling or distasteful secretions, -
either in the form of exudations of blood from definite parts of the
body, or as the product of special foetid glands. The bombardier
beetles ‘(fam. Carabidae) have the property of secreting dn evil-
smelhng defensive fluid from the anal end of the body. In some
cases this fluid volatilizes into a gas which
appears like a minute jet of smoke when it
comes into contact with the air, and its
caustic properties act as a repellent to
other insects or foes. Finally a number of
beetles secure protection in virtue of their
general agility of movement—thus, many
ground beetles and tiger beetles run rapidly
and the latter also take to the wing with
great readiness, while the flea-beetles have
remarkable. powers of leaping.

Many beetles are capable of sound-pro-
duction which is usually brought about by
the friction of one part of the body (the
“scraper”) against another part (the
“file”). These stridulating organs have
been studied by C. Darwin and more re-
cently (19oo) by C. J. Gahan: they are
generally present in both sexes and prob-
ably serve for mutual sexual calling. In some beetles there is a
file-like area on the head which is rasped by the anterior mar-
gin of the prothorax. Among the Cerambycidae (longlcorns) the
sound is produced either by rub-
bing the hind margin of the pro-
thorax over a striated area on the
mesothorax, or by rubbing the
femora ‘of the hind legs against
the margins of the elytra. Stridu-
lation, hewever, is not confined
to adult beetles, but obtains in
certain larvae also. Thus, in.
some larvae of the group Lamel-
licornia there is a series of ridges
or tubercles on the coxae of the
middle pair of legs and the hind

FIG. 19.—STAG = BEETLE
OF JAVA, SHOWING ANT-
LER-LIKE MANDIBLES

F1G. 20.—BRITISH ‘‘DOR"’
BEETLE

This member of the family
Scarabaeidae flies in the
evening with a loud hum-
ming flight, and its larva
feeds upon dung

as rasping organs. In the cock-
chafer larva and larvae of other
Scarabaeidae a ridged area on
the mandible is rasped by a series
of teeth onthe maxillae. Stridu-
lation in larvae is, quite inde-
pendent of sex and it has been
suggested that it is to warn
nelghbourmg larvae, inhabiting
burrows: in wood, etc., to. avoid getting in each other’s way.
Apart from recogmtlon by sound, some other beetles emit a
bright light for the same purpose. The seat of the light is in special

FiG. _21.—GOLIATH BEETLE
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luminous.organs which consist of an outer or light-producing layer,
and an inner or reflector layer. The outer layer is supplied with
oxygen by means of tracheae and the reflector layer contains many
urate crystals which appéar to act as a background, scattering the
light and ‘preventing its dispersion internally. The light is pro-
duced as the result of the oxidation of a compound Juciferin in the
presence of an enzyme-like: substance luciferase, which takes place
in: the outer layer of the lumi-
nous organ. It has been suggested
that this property does not reside
in the actual cells of the tissue
concerned,; but is due to the pres-

bacteria. Luminous. beétles be-

ample of the first mentioned fam-
ily is the common European
glow-worm . Lampyris noctiluca,
-whose  wingless female  emits a

of the body: its winged male ex-
hibits a much feebler luminosity.
The luminous Elateridae include
the fire-flies of the genera Pyro-
phorus. and. Photophorus, both
sexes of which are winged and
lumlnous

"Economic Importanc.e.—-
Beetles include among their spe-
cies- many that are injurious,
either as larvae or often as adults
also. Among those which attack
farm. crops, wireworms, or injur-
ious larvae of certain click beetles
are severe pests of the farmer.

FROM IMMS, “GENERAL TEXTBOOK OF . EN.
TOMOLOGY” (METHUEN & CO.)

F16. 22.—LARVAE ' OF " VARIOUS
SPECIES 'OF COLEOPTERA.  ALL
BEETLES UNDERGO COMPLETE META-
MORPHOSIS

ploughed grassland and attack the
supervening crops, particularly
-cereals and roots. Flea beetles
(fam. Chrysomelidae) cause great injuries to plants of the turnip
tribe, both the beetles and their larvae feeding upon the leaves and
other parts. The asparagus beetle (Crioceris asparagi), belonging
. to the same family, is a familiar pest with
growers of that vegetable in Europe and N.
America (fig.. 24). Related to it is the Col-
| orado potato.beetle (Leptinotarsa decem-
lineata) which is destructive to. potato
foliage in the eastern half of N. America:
quite recently it has become established in
the Bordeaux district of France.. The
Japanese beetle (Popillia ]apomca), one
of the chafers, was accidentally introduced
into New Jersey, from Japan, about 1916
and is extending its range in N., America
where the beetle is injurious to the foliage
.| of fruit and other trees; and its under-
ground larvae damage lawns and golf
L : ! greens. The common cockchafer (Melo-
rommAmon oo, et aen lontha vulgaris) andsits allies are European
F1G. 23.—THE LARVAE OF pests .whose larvae devour the roots of
A GROUND BEETLE (CA- farm and other crops, the beetles feeding
_‘?:B”’I“?e ] unqupon the foliage of trees. Many weevils
beotles vook out t!:,eri;) prgy, are highly injurious: thus, the cotton boll
while those of many other weevil (Anthonomus grandis) is the most
beetles are sluggish serious . enemy of the American cotton
crop.- It entered Texas about 1892 from tropical America, sub-
sequently. infesting almost the: whole cotton .belt. In England
and other parts of Europe, its ally -the apple . blossom weevil
(4. pomorum) prevents the: formation of large quantities of
fruit.. The palm weevil (Rhynchophorus ferrugineus) infests
toddy and cocoa-nut palms, and . the pine weevil (Hylobius

ence therein of special luminous |

long to the families Cantharidae |
and Elateridae and a familiar ex- |

| BEETLE, 'WHICH ATTACKS
| YOUNG ASPARAGUS

bright light. near the -hind. end |
| controlling the fluted scale which it attacks and destroys to a re-

They are most prevalent in newly |

abietis) is extremely harmful to young conifers in Great Britain:
Various members of the Scolytidae (bark beetles) are wide-
spread pests of forest trees: one species (Xyleborus fornicatus)
is the shot-hole borer of tea in Ceylon. Larvae of many Ceram-
‘bycidae: (Jlongicorns). are also destructive to living and dead tim-
ber, while species of Anobium and Xestobium (death watch

—_— beetles) bore into furniture and the rafters
of public buildings (fig. 25A); the powder-
post beetles: (Lyctidae). have very similar
habits. Many beetles. also. attack stored
* | grain, meal and -other dried products, no~
tably the granary weevils :(Calandra) and
the meal-worms, and their allies (fam.
Tenebrionidae).

The above remarks serve to show the
many injurious species of Coleoptera; nev-
ertheless, there are others which have been
employed by man to his own benefit. : The
SHOOTS, WHILE ITS.LARVA - Australian ladybird (Nowius : cardinalis)
DESTROYS THE - SHOOTS, has been imported into most citrus-growing
BERRIES AND SEERS countries of the world for the purpose of

F1G. 24.— ASPARAGUS

markable: degree. - Another Australian -ladybird (Cryptolaemus

‘montrouzieri) has a similar habit- of preying upon mealy. bugs

(Cocc1dae), and its-introduction into the Hawaiian Islands and
- : California has achieved a re-

- markable degree of success,
The European ground - beetle
Calosoma. sycophanta has . been
introduced . into N, : America,
where it.preys upon the. cater-
pillars, of the gipsy -moth and
brown-tail moth... Mention must
also be.made of another type of
useful beetle viz. the Spanish fly
(Lytta. vesicatoria) which, yields
: cantharidin.

BisriogrAPEY.—In addition to information given in general text“
books of entomology (see INSECTS) the volume by W. W. Fowler in
Fauna of British India: Coleoptera—General Introductwn etc. (1912),
should be consulted. Among continental authorities, L. Ganglbauer’s .
Kifer . von: Mitteleuropa (1892—1904) is.a standard work. - British
beetles are described and figured in W. W. Fowler, Coleoptera of the
British Islands, (1887—1913) a less expensive work, valuable for, the
British' species, is E. Reltter, Fauna Germanica: Kafer (1908—16)
For: the North American species, -J. L. Leconte and G. Horn
Classification of the Coleoptera. of IV America
(Smithsonian Misc.. Coll. xxxviii,, 1883), al-
though old, is an important general work; a
more recent book for thé ordinary student is
W. G.- Blatchley, Coleoptera' of Indiana
(1910).

Catalogues of the: species of Coleoptera
include ~ the = Catalogus. .Coleopterorum
Europeae (1906) by L. Heyden, E. Reitter
and J. Weise; C. W. Leng, Catalogue of the
Coleoptera af America: (1920; with “supple-
ment, 192%) ; and E. A, Newberry and W, E.
Sharp, An Exchange List of British Coleop-~
tera (1915).

Works on the natural history of beetles
include L. C." Miall, Natural History - of
Aquatic Insects v(1902) ‘and J. H. Fabre,
Souvenirs: Entomologiques (1879~91), many
of the latter being available jn English.. The
stridulating  organs are described by C..J.
FORM OF THE COMMON Gahan in Trans. Entomological Soc. London
FURNITURE BEETLE (1900), and the luminous organs by E.:N.
Attacks wood, from the Harvey, Nature of Animal Light (1920). The
larval stages larvae of beetles are beautifully ﬁgured by

J. C. Schi6dte in a series of papers in Naturh.
Tidsskr, i—xiii., (1861~72), a journal to be found in leading scientific
libraries. A standard anatomical and’ ‘biological work, based upon a
study of: the: water beetle Duytiscus, is E. Korschelt, Der Gelbrand
(1923), which is a mine of information for the special student, with
copious bxbhographlcal references, (A.D.1.)

COLEPEPER JOHN COLEPEPER (or CULPEPPER),
1st Baron (d. 1660) English statesman, was the only son of Sir
John Colepeper of Wigsell, Sussex. He was elected member viag

FROM C. J. GAHAN, “FURNITURE BEETLES” BY
CO“RTESY OF TRUSTEES OF BRITISH MUSEUM

FiG. .25A.—LARVA OF COMMON
FURNITURE ' BEETLE  (ANOBIUM
PUNCTATUM). NATURAL SIZE BELOW

BY COURTESY OF TRUSTEES OF
BRITISH MUSEUM FROM :C, J.
GAHAN, “FURNITURE BEETLES”

FIG. 25B.—THE ADULT
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Kent in the Long parliament, when he took the popular side,
speaking against monopolies on Nov. g, 1640, being entrusted
with the impeachment of Sir Robert Berkeley on Feb. 12, 1641,
supporting Strafford’s attainder, and being appointed to the com-
mittee of defence on Aug. 12, 1641. He separated, however, from
the popular party on the Church question, fearing the effect of
the revolutionary changes which were now contemplated. He op-
posed the London petition for the abolition of episcopacy, the
project of religious union with the Scots, and.the Root and
Branch Bill, and on Sept. 1 he moved a resolution in defence
of the prayer-book. In the following session he opposed the mili-
tia bill and the Grand Remonstrance, and finally on Jan. 2, 1642,
he joined the king’s party, taking office as chancellor of the Ex-
chequer. He highly disapproved of the attempt upon the five
members, which was made without his knowledge, but advised
the enterprise against Hull.'On Aug. 25, 1642, he appeared at the
bar of the House of Commons to deliver the king’s final pro-
posals for peace, and was afterwards present at Edgehill. In
December he was made by Charles master of the rolls. He was
a leading member of the Oxford parliament, and was said, in
opposition to the general opinion, to have counselled considerable
concessions to secure peace. He received a peerage in 1644.

Colepeper was despatched with Hyde in charge~of the prince
of Wales to the West in March 1645, and after Charles’s final
defeat, embarked with the prince for Scilly, and thence to France.
He strongly advocated the gaining over of the Scots by religious
concessions, a policy supported by the queen and Mazarin, and
urged this course upon the king. In 1648 he accompanied the
prince in his unsuccessful naval expedition, and returned with
him to The Hague, where violent altercations broke out among
the royalist leaders, Colepeper going so far, on one occasion in
the council, as to challenge Prince Rupert, and being himself
severely assaulted in the streets by Sir Robert Walsh. He con-
tinued after the execution of the king to press the acceptance on
Charles II. of the Scottish proposals. He was sent to, Russia in
1650, where he obtained a loan of 20,000 roubles from the tsar,
and, soon after his return, to Holland, to procure military assist-
ance. By the treaty, agreed to between Cromwell and Mazarin,
of Aug. 1654, Colepeper was obliged to leave France, and he
_ appears henceforth to have resided in Flanders. He accompanied

Charles II. to the south of France in Sept. 1659, at the time of
the treaty of the Pyrenees. At the Restoration he returned to
England, but only survived a few weeks, dying on June 11, 1660.

Tromas CoLEPEPER (d. 1719), son of the former, became gov-
ernor of Virginia from 1680-83; the title became extinct on the
death of his brother Cheney in 1725.

COLERAINE, seaport, market town and municipal borough,
Co. Londonderry, Northern Ireland, on the Bann, 4 mi. from its
mouth. Pop. (1937) 9,180. Area, 1.6 sq.mi. A brldge connects
the town with its suburb, Waterside or Killowen, on the opposite
bank of the river. The main town on the east bank radiates from
a central square—the Diamond. A rath occupies Mount Sandel
1 mi. S.E. of the town and there was once a priory, monastery
and castle. Coleraine owed its importance to the Irish society,
which was incorporated under James I as the Company for the
New Plantation of Ulster in 1613. This society founded and still
maintains schools in the town. The linen trade is much reduced,
the staple industries being shirt and collar making, whiskey dis-
tilling, ironfounding and salmon fishing. The harbours were much
improved by grants from the Irish Society of London and the
River Bann Navigation act, 1879.

COLERIDGE, HARTLEY (1796-1849), English man of
letters, eldest son of the poet Samuel Taylor Coleridge, was born
on Sept. 19, 1796, near Bristol. In 1815 he went to Oxford, as
scholar of Merton College. His university career, however, was
unfortunate. He gained an Oriel fellowship, but at the close of the
probationary year (1820) was judged to have forfeited it. Hart-
ley Coleridge then spent two years in London,-where he wrote
short poems for the London Magazine, afterwards he became for
a short time partner in a school at Ambleside, and in 1830 began
to do hack work for a Leeds publisher, Mr. F. E. Bingley. Bingley
also printed a volume of his poems-in 1833, and Coleridge lived

in his house until the contract came to an end through the bank-
ruptcy of the publisher. From this time, except for two short
periods in 1837 and 1838 when he acted as master at Sedbergh
grammar school, he lived quietly at Grasmere and (1840-1849)
Rydal, spending his time in study and wanderings about the
countryside. In the year 1839 appeared his edition of Massinger
and Ford, with biographies of both dramatists. He died on Jan.
6, 1849. The prose style of Hartley Coleridge is marked by much
finish and vivacity; but his literary reputation must chiefly rest on
the sanity of his criticisms, and above all on his Prometheus, an
unfinished lyric drama, and on his sonnets. As a sonneteer he
achieved real excellence, the form being exactly suited to his
sensitive genius. Essays and Marginalia, and Poems, with a
memoir by his brother Derwent, appeared in 1851.

COLERIDGE, JOHN DUKE COLERIDGE, 1st Baron
(1820-1804), lord chxef justice of England, was the eldest son of
Sir John Taylor Coleridge. He was born at Heath’s Court,
Ottery St. Mary, on Dec. 3, 1820. He was educated at Eton and
Balliol college, Oxford, of which he was a scholar. He was called to
the bar in 1846, went the western circuit, and in 1865 he was
returned as member for Exeter in the Liberal interest. The heads
of his party determined in 1867 to put him forward as the pro-
tagonist of their attack on the Government, but the plan was
frustrated by opposition within the party. In 1868 when the
Liberals returned to power Coleridge was made first solicitor-
general and then attorney-general.

His arrival in parliament was an access of strength to the body
of Oxford men who had attacked the legislation that kept the
univgrsity under ecclesiastical domination. In addition to his own
talents he carried weight with the clerically-minded section as
the son of Sir John Coleridge, the godson of Keble, and great-
nephew of the man who was an indirect cause of the Anglican
revival of 1833—Coleridge the poet.

The Tichborne trial was the most conspicuous feature of
Coleridge’s later years at the bar, and tasked his powers as an
advocate to the uttermost, though he was assisted by Charles
(afterwards Lord) Bowen. In November 1873 Coleridge suc-
ceeded Sir W. Bovill as chief justice of the common pleas, and
was immediately afterwards raised to the peerage as Baron Cole-
ridge of Ottery St. Mary. In 1880 he was made lord chief justice.

In jury cases his quickness in apprehending facts and his
lucidity in arranging them were very remarkable indeed. He was
not one of the most learned of lawyers, but he was a great deal
more learned than many people thought, and as an ecclesiastical
lawyer had few superiors. His fault—natural in one who had been
so successful as an advocate—was that of being too prone to take
one side, and he allowed political or personal prepossessions to
colour the tone of his remarks from the bench. Latterly his
health failed, and he became somewhat indolent. On the whole,
he was not so strong a man in a judicial capacity as Campbell
or Cockburn; but it must be admitted that his scholarship, his
refinement, his power of oratory, and his character raised the
tone of the bench during his occupancy, and that if it has been
adorned by greater judicial abilities, it has hardly ever known a
greater combination of varied merits. Coleridge died on June 14,
1894.

Coleridge’s addresses and papers have not been published.
One of the best and most eminently characteristic of the man,
was his inaugural address to the Philosophical Institution at
Edinburgh in 1870; afiother was a paper on Wordsworth (1873).
He was.an exceptionally good letter-writer. Of travel he had very
little experience. He had hardly been to. Paris; once, quite near
the end of his career, he spent a few days in Holland, and came
back a willing slave to the genius of Rembrandt; but his longest
absence from England was a visit, of a representative legal
character, to the United States. He had ‘an extraordinary store
of anecdotes, which were nearly always connected with Eton,
Oxford, the bar or the bench. His exquisite voice, considerable
power of mimicry, and perfect method of narration added greatly
to the charm. John Duke Coleridge was sarcastic and critical,
and at times over-sensitive. But his strongest characteristics were
love of liberty and justice. By birth and connection Conservative,
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he was a Liberal by conviction, and loyal to his party and its
great leader, Gladstone. :

His Life and Correspondence, ed. by E. H.-Coleridge, was published
in 1904 ; see further E. Manson, Builders of our Law (1904) ; for the
history of the Coleridge family see Lord Coleridge, The Story of a
Devonshire House (1907).

COLERIDGE, SIR JOHN TAYLOR (1790-1876), Eng-
lish judge, the second son of Captain James Coleridge, and nephew
of the poet S. T. Coleridge, was born at Tiverton, Devon, and
was educated at Corpus Christi college, Oxford, where he had a

- brilliant career. He graduated in 1812 and was soon after made a

fellow of Exeter; in 1819 he was called to the bar at the Middle
Temple and practised for some years on the western circuit. In
1825 he published his excellent edition of Blackstone’s Commen-
~taries, and in 1832 he was made a serjeant-at-law and recorder
of Exeter. He was one of the judges of the king’s bench from
1835 to.1858. In 1869 he produced his Memoir of the Rev. John
Keble, a third edition of which was issued within a year. He
died on Feb. 11, 1876, at Ottery St. Mary, Devon, leaving two
sons and a daughter; the eldest son, John Duke, 1st Baron Cole-

ridge (g.v.), became lord chief justice of England. Sir John |

Taylor Coleridge’s brothers, James Duke and Henry Nelson
(husband of Sara Coleridge), are referred to in other articles; his
brother Francis George was the father of Arthur Duke Coleridge
(b. 1830), clerk of assizes on the midland circuit and author of
Eton in the Forties, whose daughter Mary E. Coleridge (1861~
1907), was poet, novelist and critic. Mary Coleridge’s post-
humous Gathered Leaves (1910) contains a notice of her work
by Edith Sichel.

COLERIDGE, SAMUEL TAYLOR (1772-1834), English
poet and philosopher, was born on Oct. 21, 1772, at his father’s
vicarage of Ottery St. Mary, Devonshire. His father, the Rev.
John Coleridge (1719~1781), described by the poet as “a perfect

Parson Adams,” was known for his scholarship, simplicity of char-

acter, and affectionate interest in the pupils of the grammar school,
of which he was appointed master a few months before becoming
vicar of the parish (1760). The poet was the youngest child of his
second wife, Anne Bowdon (d. 1809), a woman of great good
sense, who saw to it that Samuel should be educated for the
church as his father intended, and as three of his elder brothers
had been before him. On the death of his father an old pupil of
the latter secured for Samuel a presentation to Christ’s Hospital,
where he continued for eight years. Of these school-days Charles
Lamb has given delightful glimpses in the Essays of Elia. For-
merly a fretful-and timorous child, Samuel became a compara-
tively happy schoolboy, though often ailing. . The headmaster,
Boyer, a severe disciplinarian, pushed him watchfully. Some of his
compositions in English verse written at 16 give evidence of the
influence of Bowles, to which he has testified in his Biographia
Literaria.

In Feb. 1791 he was entered as a sizar at Jesus college, Cam-
bridge, and went into residence in October. A schoolfellow who
followed him to the university has told how in the evenings, in his
rooms, he and his friends would put aside their work to discuss as
they appeared, the new pamphlets of Burke, which Coleridge ab-
sorbed immediately. At that stage he was warmly democratic.
William Frend, a fellow of Jesus, accused of sedition and Uni-
tarianism, was at this time tried and banished, though not
technically expelled from Cambridge. Coleridge had imbibed his
sentiments, and joined the ranks of his partisans. He grew dis-
contented with university life, and in 1793, pressed by debt, went
to London. A poem in the Morning Chronicle brought him a
guinea, and when that was spent he enlisted in the 15th Dragoons
under the name of Silas Tomkyn Comberbacke, revealing at once
an absolute unfitness for an army career. Shortly afterwards an
old school-fellow (G. L. Tuckett) heard of his whereabouts, and
by the intervention of his brother, Captain James Coleridge, his
discharge was procured. He returned for a short time to Cam-
bridge, but quitted the university without a degree in 1794. In the
same year he visited Oxford, and after a short tour in Wales went
to Bristol, where he met Southey. The French Revolution had
captivated Southey, and Coleridge received with rapture his new
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friend’s scheme of Pantisocracy. On the banks of the Susque-
hanna was to be founded a brotherly community, where selfishness
was to be extinguished, and the virtues were to reign supreme. No
funds were forthcoming; and in 1795, to the chagrin of Coleridge,
who seems to have bitterly blamed Southey, the scheme was
dropped. In 1794 appeared The Fall of Robespierre, of which
Coleridge wrote the first: act and Southey the other two. At
Bristol Coleridge formed the acquaintance of Joseph Cottle, the
bookseller, who offered him thirty guineas for a volume of poems.
In October of 1795 Coleridge married Sarah Fricker, and took up
his residence at Clevedon on the Bristol channel. A few weeks
afterwards Southey married 4 sister of Mrs. Coleridge, and on the
same day quitted England for Portugal. ’

Coleridge began to lecture in Bristol on politics and religion.
He embodied the first two lectures, which contained much invec-
tive against Pitt, in his first prose publication, Conciones.ad Popu-
lum (1795). The first volume of Poems was published by Cottle’
early in 1796. Coleridge projected a periodical called The Watch-
man, and in 1796 undertook a journey, well described in the
Biographia Literaria, to enlist subscribers. The Watchman had a
brief life of two months, and at this time Coleridge began to
think of becoming a Unitarian preacher. Hazlitt has recorded his
very favourable impression of a remarkable sermon delivered at
Shrewsbury; but there are other accounts of Coleridge’s preaching
not so enthusiastic. In the summer of 1795 he met for the first
time the brother poet with whose name his own will be for ever
associated. Wordsworth and his sister had established themselves
at Racedown in the Dorsetshire hills, and here Coleridge visited -
them in 1797. The gifted Dorothy Wordsworth described Cole-
ridge as “thin and pale, the lower part of the face not good, wide
mouth, thick lips, not very good teeth, longish, loose, half-curling,
rough, black hair,”—but all was forgotten in the magic charm of
his utterance. Wordsworth, who declared: “The only wonderful
man I ever knew was Coleridge,” seems at once to have desired to
see more of his new friend. He and his sister removed in July
1797 to Alfoxden, near Nether Stowey, to be in Coleridge’s neigh-
bourhood, and in the most delightful and unrestrained ‘intercourse
the friends spent many happy days.

One evening at Watchett on the Bristol Channel, The Ancient
Mariner first took shape. Coleridge was anxious to embody a
dream of a friend, and the suggestion of the shooting of the alba-
tross came from Wordsworth, who gained the idea from Shel-
vocke’s Voyage (1726). A joint volume was planned. Words-

‘worth was to show the real poetry that lies hidden in common-
‘place subjects, while Coleridge was to treat supernatural subjects

to illustrate the common emotions of huranity. From this sprang
the Lyrical Ballads, to which Coleridge contributed The Ancient
Mariner, the Nightingale and two scenes from Osorio, and after
much cogitation the book was published in ‘1798 at Bristol by
Cottle. A second edition of the Lyrical Ballads in 1800 included

another poem by Coleridge—Love, to which subsequently the sub-

title was given of An Introduction to the Tale of the Dark Ladie.
To the Stowey period belong also the tragedy of Osorio (after-
wards known as Remorse), Kubla Khan, and the first part of
Christabel. In 1798 an annuity, granted him by the . brothers
Wedgwood, led Coleridge to abandon his reluctantly formed inten-
tion of becoming a Unitarian minister. For many years he had
desired to see the continent, and in September 1798, in company
with Wordsworth and his-sister, he left England for Hamburg.
Satyrane’s Letters (republished in Biog. Lit. 1817) give an account
of the tour.

A new period in Coleridge’s life now began. He soon left the
Wordsworths to spend four months at Ratzeburg, whence he re-
moved to Gottingen to attend lectures. During his stay of nine
months in Germany, he made himself master of the language to
such purpose that the translation of Wallenstein was actually
accomplished in six weeks. During these years he wrote many
newspaper -articles and some poems, among them “Fire, Famine
and Slaughter,” for the Morning Post. He had vehemently opposed
Pitt’s policy, but a change came over his way of thought, and he
found himself separated from Fox on the question of a struggle
with Napoleon. He had lost his admiration for the revolutionists,
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as his “Ode to France” shows (Morning Post, April 16, 1798).
"Like many other Whigs,  he felt that all questions of domestic
policy must at a time of European peril be postpened. In the year
1800 he left London for the Lakes, where he wrote the second part
of Christabel. In 1803 Southey became a joint lodger with Cole-
ridge at Greta Hall, Keswick, of .which in 1812 Southey became
sole tenant and occupier.

In 1801 begins the period of Coleridge’s life during Whlch he
sank more and more under the dominion of opium, in which he
may have first indulged at Cambridge. Few things are so sad to
read as the letters in which he details the consequences of his
obsession. He was occasionally seen in London during the first
years of the century, and wherever he appeared he was the delight
of admiring circles. He toured in Scotland with the Wordsworths
in 1803, visited Malta in 1804, when for ten months he acted as
secretary to the governor, and stayed nearly eight months at
Naples and Rome in 1805-06. In Rome he received a hint that
his articles in the Morning Post had been brought to Napoleon’s
notice, and he made the voyage from Leghorn in an American
ship. On a visit to Somersetshire in 1807 he met De Quincey for
the first time, and the younger man’s admiration was shown by a
gift of £300, “from an unknown friend.” In 1809 he started a
magazine called The Friend, which continued only for eight
months. At the same time he began to contribute to the Courier.
In 1808 he lectured at the Royal Institution, but with little suc-
cess, and three years later he gave his lectures on Shakespeare and
other poets. These lectures attracted great attention and were fol-
lowed by two other series. In 1812 his income from the Wedg-
woods was reduced, and he settled the remainder on his wife.
His friends were generous in assisting him with money, and eventu-
ally, in 1824, some of them obtained a grant of £100 a year for
him during-the lifetime of George IV., as one of the royal asso-
ciates of the Society of Literature, while his children shared
Southey’s home at Keswick. But between 1812 and 1817 Cole-
ridge made a good deal by his work, and was able to send money to
his wife in addition to the annuity she received. The tragedy of
Remorse was produced at Drury Lane in 1813, and met with con-
siderable success.

Three years after this, having failed to conquer the opium habit,
he determined to enter the family of James Gillman, who lived at
Highgate. For the rest of his life he hardly ever left this home.
During his residence there, Christabel, written many years before,
and known to a favoured few, was first. published in a volume
with Kubla Kkan and the Pains of Sleep in 1816. In 1816 and the
following year, he gave his Lay Sermons to the world. Sibylline
Leaves appeared in 1817; the Biographia Literaria and a revised
edition of The Friend soon followed. Eight years afterwards his
most popular prose work—the Aids to Reflection—first appeared.
His last publication, in 1830, was the work on Church and State.
It was not till 1840 that his Confessions of an Inquiring Spirit,
his most seminal work, was posthumously published. In 1833 he
appeared at the meeting of the British Association at Cambridge,
but he died in the following year (July 25, 1834), and was buried
in the churchyard close to the house of Gillman, where he had
enjoyed every consolation which friendship and love could render.
Coleridge died in the communion of the Church of England, of
whose polity and teaching he had been for many years a loving
admirer. An interesting letter to his god-child, written twelve days
before - his death, sums. up his spiritual experience in a most
touching form. .

To the extraordinary influence which he -exercised in conversa-
tion there are many testimonies. Many of the most remarkable
among the younger men of that period resorted to Highgate as
to the shrine of an oracle; and although one or two disparaging
judgments, such as that of Carlyle, have been recorded, there can
be no doubt that since Samuel Johnson there had been no such
intellectual power in England. His nephew, Henry Nelson Cole-
ridge, gathered together many specimens of the Table Talk of the
few last years. Four volumes of Literary Remains were published
after his death, and these, along with the chapters on the poetry
of Wordsworth in the Biographia Literaria, may be said to exhibit
the full range of Coleridge’s power as a critic of poetry. In this
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region he stands supreme, ranking as the creator in- England of
that higher criticism which had already in Germany accomplished
so much in the hands of Lessing and Goethe. The fragmentary
series of his Shakespearian criticisms gives evidence of the truest
insight, and an original appreciation of the judicial “sanity” which
raises the greatest name in literature above even the highest of
the poets who approached him.

As a poet Coleridge’s own place in the great gallery of English
poets is secure. Of no one can it be more eémphatically said that
at his highest he was “of 1mag1nat10n all compact.”- The whole
soul of the poet is reflected in the Ode %o Dejection. The well-
known lines— :

O Lady! we receive but what we give,

And in our life alone does nature live;
Ours is her wedding garment, ours her shroud,

with the passage which follows, express more vividly, perhaps,
than anything which Coleridge had written, the shaping and
colouring function which he assigns, in the Biographia Literaria, to
imagination. Christabel and the Ancient Mariner have so com-
pletely taken possession of the highest place, that it is needless
to do more than allude to them. The supernatural has never
received such treatment as in these two wonderful productions of
his genius, and though the first of them remains a torso, it is the
loveliest torso in the gallery of English literature. Although
Coleridge had, for many years before his death, almost entirely
forsaken poetry, the few fragments of work which remain, written:
in later years, show little trace of weakness, although they are
wanting in the unearthly melody which imparts such a charm to
Kubla Khan, Love and Youth and Age.

It is chiefly as a personality and as a thinker that Coleridge has
incurred disparaging criticism.  The infirmity of will and the
“sloth” to which he sadly confessed have been the subject of many
homilies; and even eulogists have to avow that his works in mass
are a ‘“collection of fragments,” to say nothing of a hundred large
plans never fulfilled. But in the light of the biographical study of
the last generation, he can be seen as the victim of heredity and
malady, his rare powers and his inefficiencies being alike innate,
and the opium-eating a fatal consequence. That he laboured under
a vital cardiac weakness seems certain. In his vivid accounts.of
his childhood he has revealed himself as a “dreamer,” living in the
world of his strange imagination, and singularly responsive through
that faculty to every stimulus received from his manifold reading.
His poetry and his philosophy are thus alike to be seen as shaped
at once by his bias and his culture. \

In his youth he was poetically dominated by Bowles, because
Bowles was the first of the modern innovating poets who had
come in his way. Of Blake and Burns, and even of Cowper, at
that stage he knew nothing. An American student has latterly
revealed how the Ancient Mariner was coloured in diction and in
conception by his reading, and then perfected by his fine critical
faculty. His philosophy may be viewed in the same fashion. All
the notable ideas which came to him took possession in turn of
his imgination, only to be-transformed continuously. As he truly
said of himself, his mind was always “energic,” as distinguished
from “energetic.” Save in his many hours of misery or utter
lassitude, it was constantly at work creatively on the material
of his reading; and its uncontrolled play has yielded a remarkable
harvest of criticism and speculation, couched in a prose stamped
at once with intensive feeling and skill of phrase. Herice the
stirring quality of his irfluence.

In the latter part of his life, and for the generation which fol-
lowed, Coleridge was ranked by many young English churchmen
of liberal views as the greatest religious thinker of their time.
Among those he thus fascinated was the abnormal Edward Irving.
As Carlyle has told in his Life of Sterling, the poet’s distinction,
in the eyes of his audience, lay in his having recovered and pre-
served his Christian faith after having passed through periods of
rationalism and Unitarianism, and faced the full results of German
criticism and philosophy. His opinions, however, were at'all
periods mutable, and it would be difficult to state them in any
form that would hold good for the whole even of his later writings,

-He was, indeed, too receptive of thought impressions of all kinds
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to be a consistent systematizer. From his early Unitarianism he
gradually moved towards pantheism, a way of thought to which
he had shown remarkable leanings when, as a schoolboy, he dis-
coursed of Neoplatonism to Charles Lamb. Early in life, too, he
met with the doctrines of Jacob Behmen, of whom, in the Bio-
graphia Literarig, he speaks with affection and gratitude as having
given him vital philosophic guidance. In the Aids to Reflection
he disparages him. Between pantheism and Unitarianism he seems
to have balanced till his thirty-fifth year; always tending towards
the former in virtue of the recoil from “anthropomorphism,”’
which originally took him to Unitarianism. In 1796, when he
named his first child David Hartley, but would not have him bap-
tized, he held by the “Christian materialism” of the writer in
question, whom in his Religious Musmgs he terms “w1sest of
mortal kind.” .

When, again, he met Wordsworth in 1797, the two poets sym-
pathetlcally discussed - Spinoza, for whom Coleridge always
retained an admiration; and when in 1798 he gave up his Unita-
rian preaching, he named his second child Berkeley, signifying
a new allegiance, but still without accepting Christian rites other-
wise than passively. Shortly afterwards he went to Germany,
where he began to study Kant, and was much impressed by Les-
sing. In the Biographia he avows that the writings of Kant “more
than any other work, at once'invigorated and disciplined my
understanding.” But after ‘his stay at Malta, he announced to
his friends that he had-given up his “Socinianism” (of which ever
afterwards he spoke with asperity), professing a return to Chris-
tian faith, though still putting on it a mystical -construction, as
when he told Crabb Robinson that “Jesus Christ was a Platonic
philosopher.” At this stage he was in sympathy with the historico-
rationalistic criticism of the Old Testament, as carried on in Ger-
many. From about 1810 onwards, however, he openly professed
Christian orthodoxy, while privately indicating views which can-
not' be so described. And even his published speculations were
such as to draw from J. H. Newman a protest that they took “a
liberty which no Christian can tolerate,” and carried him to “con-
clusions which were often heathen rather than Christian.”

The explanation seems to be that while on Christian grounds
he repeatedly denounced pantheism as being in all its forms
equivalent to atheism, he was latterly much swayed by the thought
of Schelling in the pantheistic direction which was natural to him.
It would seem that, in the extreme spiritual vicissitudes of his
life, conscious alternately of personal weakness and of the largest
speculative grasp, he often threw himself entirely on the consola-
tions of evangelical faith, and at times reconstructed the cosmos
for himself in terms of Neo-Platonism and the philosophy of
Schelling. So great were his variations, even in his latter years,
that he could speak to his friend Allsop in a highly latitudinarian
sense. From Schelling, whom he praised as having developed

Kant where Fichte failed to do so, he borrowed much and often,
" not only in the metaphysical sections of the Biographia but in his
aesthetic lectures, and further in the cosmic speculations of the
posthumous Theory of Life. On the first score he makes but an
equivocal acknowledgment, ¢laiming to have thought on Schelling’s
lines before reading him; but it has been shown by Hamilton and
Ferrier - that besides transcribing much from Schelling without
avowal he silently appropriated the learning of Maass on philo-
sophical history. In other directions he laid under tribute Herder
and Lessing; yet all the while he cast severe imputations of plagia-
rism upon Hume and others. His own plaglarlsms were doubtless
facilitated by the physiological effects of opium.

Inasmuch as his philosophy satisfied neither the logical needs
appealed to by Hegel nor the new demand for naturalistic induc-
tion, Coleridge, after arousing a great amount of philosophic inter-
est in his own country in the second quarter of the century, has
ceased to “make a school.” Thus his significance in intellectual
history remains that of a great stimulator. He undoubtedly did
much to deepen and liberalize Christian thought in England, his

influence being specially marked in the school of F. D. Maunce

and in the lives of men like John Sterling.
Of Coleridge’s four children, two (Hartley and Sara) are separ-
ately noticed. His second ‘Chlld Berkeley, died in infancy. The
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third, Derwent (1800-1883), a distinguished scholar and author,
was master of Helston school, Cornwall (1825-1841), first prin-
cipal of ‘St. Mark’s college, Chelsea (1841-1864), and rector of
Hanwell (1864-1880); and his daughter Christabel (b. 1843) and
son Ernest Hartley, both became well known in the world of
letters, the former as a novelist, the latter as a biographer, edi-
tor and critic. o

After Coleridge’s death several of his works were edited by his
nephew, Henry Nelson Coleridge, the husband of Sara, the poet’s
only daughter. In 1847 Sara Coleridge published the -Biographia
Literaria, enriched with annotations and biographical supplement
begun by hef husband and finished by her. Three volumes of
Coleridge’s political writings, entitled Essays on his Own  Times,
were-also pubhshed by Sara Coleridge in 1850. The standard life of
Coleridge is that by J. Dykes Campbell (1894); his letters were
edited by E. H. Coleridge (1895). The Anima Poetae, edited by the
latter (1895) is a compilation from Coleridge’s notebooks.  The
Biographia Epistolaris, edited by A. Turnbull (2 vols.,, 1911) is a
reprint. of the Biog. Supp. to the Biographia Literaria, with additional
letters and elucidations. Of monographs on Coleridge the most im-
portant are that of H. D. Traill (“English Men of Letters” series) -
and that of Joseph Aynard, La Vie d’un Poéte—Coleridge (Paris, 1907).
The work of J. L. Lowes, The Road to Xanadu, a Study in the Ways
of the Imagination (1927), is an important research. See also.J. Char-
pentier, Coleridge, the Sublime Somnambulist (1929).  (J. M. R))

COLERIDGE, SARA (1802-1852), English author; the
fourth child and only daughter of Samuel Taylor Colendge and
his wife Sarah Fricker of Bristol, was born on Dec. 23, 1802, at
Greta Hall, Keswick. Here, after 1803, the Coleridges, Southey
and his wife (Mrs. Coleridge’s sister), and Mrs. Lovell (another
sister), widow of Robert Lovell, the Quaker poet, all lived to-
gether; but Coleridge was often away from home; and “Uncle
Seuthey” was a paterfamilias. The Wordsworths at. Grasmere
were, their neighbours. Wordsworth, in his poem, the Triad, has

‘left us a description, or “poetical glorification,” as Sara Coleridge

calls it, of the three girls—his own daughter Dora, Edith Southey
and Sara Coleridge, the “last of the three, though eldest born.”
Greta Hall was Sara Coleridge’s home until her marriage; and the
little Lake colony seems to have been her only school. Guided

by Southey she read by herself the chief Greek and Latin classics,

and before she was 25 had learnt French, German, Italian and
Spanish.

In 1822 Sara Coleridge published Account of the Abipones, a
translation in three large volumes of Dobrizhoffer, undertaken in
connection with Southey’s Tales of Paraguay, which had been sug-
gested to him by Dobrizhoffer’s volumes. In 1825 her second
work appeared, a translation from the mediaeval French of- the
“Loyal Serviteur,” The Right Joyous and Pleasant History of the
Feats, Jests, and Prowesses of the Chevalier Bayard, the Good

‘Km'gkt without Fear and without Reproack: By the Loyal

Servant.

In Sept. 1829, at Crosthwaite church, Keswick, after an engage-
ment of seven years’ duration, Sara Coleridge was married to
her cousin, Henry Nelson Coleridge (1798-1843), younger son
of Captain James Coleridge (1760-1836). He was then a chan-

- cery barrister in London. In 1834 Mrs. Coleridge published her

Pretty Lessons in Verse for Good Children; with some Lessons
in Latin in Easy Rhyme. These were originally written for the:
instruction of her own children, and became very popular. In
1837 appeared Phantasmion, a Fairy Tale. . .
In 1843 Henry Coleridge died, leaving to his widow the un-
finished task of editing her father’s works. To these she added
some compositions of her own, among which are the Essay on
Rationalism, with a special application to the Doctrine of Bap-
tismal Regeneration, appended to Coleridge’s Aids to Reflection;
a Preface to the Essays on his Own Times, by S. T. Coleridge,
and the Supplement to the Biographia Literaria. During the last
few years of her life Sara Coleridge was a confirmed invalid.
Shortly before she died she amused herself by writing a little
autobiography for her daughter. This, which reaches only to her
ninth year, was completed by her daughter, and published in 1873,
together with some of her letters, under the title Memoirs and
Letters of Sara Coleridge. She died in London on May 3, 1852.
Her son, HerBerT COLERIDGE (1830-61), won a double first
class in classics and mathematics at Oxford in 1852, He was
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secretary to a committee appointed by the Philological Society to
consider the project of a standard English dictionary, a scheme
of which the New English Dictionary, published by the Clarendon
Press, was the ultimate outcome. His personal researches into
the subject were contained in his Glossarial Index to the Printed
English Literature of the Thirteenth Century (1859).

COLERIDGE-TAYLOR, SAMUEL (1875-1912), com-
poser, was born in London on Aug. 15, 1875, the son of a West
African doctor of medicine and an English mother. He sang in
a church choir at Croydon, and studied the violin and compo-
sition at the Royal College of Music. His first important work
was a symphony given at St. James’s hall in 1896, but his repu-
tation rests on his picturesque and melodious choral work, the
trilogy of Hiawatha. This work was succeeded by many other
choral works, none of which had quite the same success. He wrote
some excellent incidental music for plays by Stephen Phillips:
Herod (1900), Ulysses (1902), Nero (1906), and Faust (1908);
also occasional music for Othello.

See W. C. Berwick Savers, Samuel Coleridge-Taylor, Musician.
His Life and Letters (1915).

COLET, JOHN (1467?7-1519), English divine and education-
ist, the eldest son of Sir Henry Colet (twice mayor of London),
was born in London and educated at Oxford, probably at Mag-
dalen college. When he took his M.A. in 1490 he already held
the rectory of St. Mary, Dennington, Suffolk, and the vicarage of
St. Dunstan’s, Stepney, and was now collated rector of St.
Nicholas, Thurning, Hunts. In 1493 he went to Paris and thence
to Italy, studying canon and civil law, patristics and Greek. Dur-
ing his residence abroad he became acquainted with Budaeus
(Guillaume Budé) and Erasmus, and with the teaching of
Savonarola. On his return to England in 1496 he took orders,
and began his Oxford lectures on the Pauline epistles. In replac-
ing the old scholastic methods by a study of the personality and
times of St. Paul, he began a new epoch in Biblical exegesis and
greatly influenced Erasmus, who visited Oxford in 1498. Since
1494 he had been prebendary of York and canon of St. Martin le
Grand, London. In 1502 he became prebendary of Salisbury, in
1505 prebendary of St. Paul’s, and immediately afterwards dean
of the same cathedral, having previously taken the degree of
doctor of divinity. Here he continued his innovating Biblical
lectures. About 1508, having inherited his father’s wealth, Colet
re-founded St. Paul’s school where a good Christian education to-
gether with Greek and Latin was to be given to the 153 scholars.
The celebrated grammarian William Lilly was the first master,
and the company of mercers were (in 1510) appointed trustees,
the first example of non-clerical management in education. The
dean’s liberal religious opinions led the clergy to deem him little
better than a heretic; but William Warham, the archbishop, re-
fused to prosecute him. Similarly Henry VIII. held him in high
esteem despite his sermons against the French wars. In 1514 he
made the Canterbury pilgrimage with Erasmus, and in 1515
preached at Wolsey’s installation as cardinal. Colet died on Sept.
16, 1519. ) .

Though a staunch Catholic, Colet disapproved of the sale of
bishoprics, the custom of pluralities, Church lawyers and the
worldliness of churchmen. He was not a great scholar, but by
introducing the humanist movement he helped to discredit
mediaeval thought. Among his works, first collectively published
in 1867-76, are Absolutissimus de octo oratiomis partium con-
structione libellus (Antwerp, 1530), Rudimenta Grammatices
(London, 1539), Daily Devotions, Monition to a Godly Life,
Epistolae ad Erasmum, and Biblical commentaries.

See F. Seebohm, The Oxford Reformers (1887); J. H. Lupton, Life
of John Colet, 2nd ed. (1909) ; art. in The Times, July %, 1909.

COLET, LOUISE (1810-1876), French poet and novelist,
was born at Aix of a Provencal family named Revoil. In 1833
she came to Paris with her husband Hippolyte Colet (1808-51),
a composer of music and professor of harmony and counter-
point at the conservatoire. Louise Colet is perhaps best known
for her intimate connection with some of her famous contem-
poraries, Abel Villemain, Gustave Flaubert and Victor Cousin.
Only one of her many volumes of prose and verse is now of inter-
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est—Lui: roman contemporain (1859), the novel in which she
told the story of her life. (See also FLAUBERT.)

COLEUS, a genus of ornamental herbaceous or shrubby
plants of the mint family, natives of the tropics of the old world.
They are much cultivated as bedding plants for the colour of
their exceedingly varied, and often brilliant leaves. They can be
wintered over as room plants if the house is not too hot and dry.

COLFAX, SCHUYLER (1823-1885), American political
leader, vice-president of the United States from 1869-73, was
born in New York city on March 23, 1823. His father died be-
fore the son’s birth, and his mother subsequently married a Mr.
Matthews. The son attended the public schools of New York
until he was ten, and then became a clerk in his step-father’s
store, removing in 1836 with his mother and step-father to New
Carlisle, Ind. In 1841 he removed to South Bend, where for
eight years he was deputy auditor (his step-father being auditor)
of St. Joseph county; in 1842—44 he was assistant enrolling clerk
of the State senate and senate reporter for the Indiana State
Journal. In 1845 he established the St. Joseph Valley Register,
which he published for’ 18 years and made an influential Whig
and later Republican journal. In 1856 he was a member of the
State Constitutional Convention, and in 1854 took an active
part in organizing the “Anti-Nebraska men” (later called Re-.
publicans) of his State, and was by them sent to Congress. Here
he served with distinction from 1855 until 1869, the last six
years as speaker of the House. At the close of the Civil War he
was a leading member of the radical wing of the Republican
Party, advocating the disfranchisement of all who had been
prominent in the service of the Confederacy, and declaring that
“loyalty must govern what loyalty has preserved.” In 1868 he
had presidential aspirations, and was not without supporters. He
accepted, however, the Republican nomination as vice-president
on a ticket headed by Gen. Grant, and was elected; but -he
failed in 1872 to secure renomination. During the political
campaign of 1872 he was accused, with other prominent poli-
ticians, of being implicated in corrupt transactions with the Crédit
Mobilier, and a congressional investigation brought out the fact
that he had agreed to take 20 shares from this concern, and had
probably received dividends amounting to $1,200. It also leaked
out during the investigation that he had received in 1868, as a
campaign contribution, a gift of $4,000 from a contractor who
had supplied the Government with envelopes while Colfax was
chairman of the post-office committee of the House. At the
close of his term Colfax returned to private life under a cloud,
and during the remainder of his lifetime earned a livelihood by
delivering popular lectures. His interest in moral and social re-
forms is best exemplified by his lifelong labours for the cause of
temperance. He died at Mankato, Minn., on Jan. 13, 188s.

See E. W. Martin, The Life and Public Services of Schuyler Colfax
(1868) and O. J. Hollister, Life of Schuyler Colfax (1887).

COLIC, a term in medicine used outside England for any
paroxysmal abdominal pain, but generally limited in England to
a sudden sharp pain having its origin in the pelvis of the kidney,
the ureter, gall-bladder, bile-ducts or intestine. There is a ten-
dency, however, to restrict use of the word to a pain produced
by the contraction of the muscular walls of any hollow viscus of
which the aperture has become more or less occluded, tem-
porarily or otherwise. For renal and biliary colic, see KIDNEY
Diseases and LIveRr, only intestinal colic being treated here.

In infants, wsually those who are “bottle-fed,” colic is exceed-
ingly common, and is shown by the drawing up of their legs, their
restlessness and their continuous cries.

Among adults one of the most serious causes is lead-poisoning
(see LeaD-Po1soNING). In Germany a similar colic resulting from
the absorption of copper occurs.

The simplest form of colic is that arising from habitual consti-
pation or from ingestion of indigestible food such as apples, pears
or nuts, heavy pastry, meat pies and puddings, etc. Often it is
associated with diarrhoea. It may accompany any form of enteri-
tis or an intestinal malignant growth, and certain forms of influ-
enza (g.v.) are ushered in by severe colic.

Intestinal colic is paroxysmal, and the pain is generally referred
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to the neighbourhood of the umbilicus. It varies greatly in inten-
sity and is usually relieved by pressure; this point aids in the
differential diagnosis between simple colic and peritonitis, the pain
of the latter being increased by pressure.

Treatment.—In simple colic the patient must be confined to
bed, hot fomentations applied to the abdomen and a purge ad-
ministered, a few drops of laudanum being added when the pain
is exceptionally severe. But the whole difficulty lies: in making
the differential diagnosis. Acute intestinal obstruction, appendi-
citis, peritonitis, gallstone, renal stone and the gastric crises of
locomotor ataxy, must all be excluded.

COLIGNY, GASPARD DE CHATILLON CoMTE
(1519-1572), admlral of France and Protestant leader, was born
at Chatillon-sur-Loing on Feb. 16, 1519, the son of Gaspard de
Coligny, known as the maréchal de Chétillon (d. 1522), marshal of

France in 1516. By his wife, Louise de Montmorency, the marshal.

had three sons: Odet, cardinal de Chatillon; Gaspard, the admiral;
and Francis, seigneur d’Andelot, all'of whom played ‘an important
part in the first period of the Wars of Religion. At 22 young Gas-
pard came to court, and there contracted a friendship with Francis
of Guise. In the campaign of 13543 Coligny was wounded at the
sieges of Montmédy and Bains. In 1544 he served in the Italian
campaign under -the duke of Enghien, and was knighted on the
field of Ceresole. Appointed colonel-general of the infantry (April
1547), he exhibited great capacity and intelligence as a military
reformer. He was made admiral on the death of d’Annebaut
(1552): In 1557 he defended St. Quentin with great courage and
resolution; but the place was taken, and he was imprisoned in the
stronghold of L’Ecluse. On payment of a ransom of 50,000 crowns
he recovered his liberty. He had by this time become a Huguenot,
through the influence of his brother d’Andelot—the first letter
which Calvin addressed to him is dated Sept. 4, 1558—and he
busied himself secretly with protecting his co-religionists, a colony
of whom he sent to Brazil, whence they were afterwards expelled
by the Portuguese.

On the death of Henry II. he demanded, in concert with Louis,
prince of Condé, religious toleration and certain other reforms
In 1560, at the assembly of notables at Fontainebleau, the hos-
tility between Coligny and Francis ‘of Guise was declared. When
the civil wars began in 1562, Coligny decided to take arms only
after long hesitation, and he was always ready to negotiate. In
none of these wars did he show superior genius, but he acted
throughout with great prudence and extraordinary tenacity; he
was “le héros de la mauvaise fortune.” In 1569 the defeat and
death of the prince of Condé at Jarnac left him sole leader of
the Protestant armies. Victorious at Arnay-le-Duc, he secured in
1570 the pacification of St. Germain. Returning to the court in
1571, he grew rapidly in favour with Charles IX. As a means of
emancipating the king from the tutelage of his mother and the
faction of the Guises, the admiral proposed to him a descent on
Spanish Flanders, with an army drawn from both sects and com-
manded by Charles in person. The king’s regard for the admiral,
and the bold front of the Huguenots, alarmed the queen-mother;
and the massacre of St. Bartholomew was the consequence. On
Aug. 22, 1572, Coligny was wounded by Maurevel, a bravo in the
pay of the queen-mother and Guise. The king visited him, but
the queen-mother prevented all private intercourse between them.
On Aug. 24, the night of the massacre, he was attacked in his
house, and a servant of the duke of Guise, generally. known as
Besme, murdered him and threw the body from a window into
the courtyard at his master’s feet. His papers were seized and
burned by the queen-mother; among them, according to Bran-
tdme, was a history of the Civil War, “trés-beau et trés-bien faict,
et digne d’estre imprimé.” His correspondence was edited in 18 58
by Bourquelot.

By his wife, Charlotte de Laval, Coligny had several children,
among them being Louise, who marned_ first Charles de Tehgny
and afterwards William the Silent, prince of Orange, and Francis,
admiral of Guienne, who was one of the devoted servants of
Henry IV. Gaspard de Coligny (1584-1646), son of Francis, was
marshal of France during the reign of Louis XTII.

See L. J. Delaborde, Gaspard de Coligny (1879-82) ; Erich Marcks,
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Gaspard von Coligny, sein Leben und das Frankreich seiner Zeit
(Stuttgart, 1892) ; H. Patry, “Coligny et la Papauté;” in the Bulletin
du protestantzsme frangais (1902); A. W. Whitehead, Gaspard de
Coligny, Admiral of France (1904); and C. Merki, LAmzml de
Coligny (1909)-.

COLIIDAE: see CoLv.

COLIJN, HENDRICK (1869-1944), Dutch politician, was
born at Haarlemmer Meer, the Netherlands. After serving as a
government official in the Netherlands Indies he returned to the
Netherlands in 19og and became a member of the Second Cham-
ber. From 1911 to 1913 he was minister for war. In 1914 he be-
came manager of the Batavian Oil Co., and from 1919 to 1922
was managing director of the Asiatic Petroleum Co. and director
of the Royal Dutch Shell and Anglo-Saxon companies. In 1922, "
after the death of Abraham Kuyper, Colijn led the anti-revolu-
tionary party. He was minister of finance in 1923, retaining this
portfolio in the short-lived cabinet formed by him in 1925. He be-
came prime minister and minister for the colonies in 1933. Also
in 1933 he was chairman of the World Economic conference in
London. Colijn was imprisoned by the Germans in World War II.
His death was reported Sept. 16, 1944.

COLIMA, 2 small Pacific coast state of Mexico, lying be-
tween Jalisco on the N.W. and N., and Michoacan on the E.
Including the Revilla Gigédo islands its area is only 2,009 sq.mi.,
which thus makes it the second smallest of the Mexican states.
Pop. (1940) 78,806. The larger part of its territory is within

-the narrow, flat coastal plain, beyond which it rises toward the

northeast into the foothills of.the Sierra Madre, the higher
masses of the range, including the Colima volcano, lying outside
the state. It is drained by the Ameria and Coahuayana rivers
and their affluents, which are largely used for irrigation. There
are tidewater lagoons and morasses on the coast which accen-
tuate its malarious character. One of the largest of these, Cuitlan,
immediately south of Manzanillo, is the centre of a large salt-
producing lndustry

The soil is generally fertile and productlve but lack of trans-
portation facilities has been a serious obstacle to any produc-
tion greatly exceeding local demands. The dry and rainy sea-
sons are sharply defined. The climate is hot, humid and malari-
ous, becoming drier and more healthful on the higher mountain
slopes of the interior.

Stock raising is an important mdustry in the higher parts of
the state, but the horses, mules and cattle raised have been
limited to local demands. Agriculture, however, is the principal oc-
cupation of the state, the more important products being sugar,
rice, Indian corn, palm oil and coffee. The “Caracolillo” coffee,
produced on the slopes of the mountains culminating in the vol-
cano of Colima, is reputed the best in Mexico.

There are important mineral deposits in the state, including
iron, copper and lead. Palm-leaf hats, hides and deerskins are
exported in large quantities. A narrow-gauge railway had been
in operation between the capital and Manzanillo for many years,
and in 1907 a branch of the Mexican Central was completed be-
tween Guadalajara and the capital, and the narrow-gauge line to

‘the coast was widened to the standard gauge. The capital of the -

state i Colima, pop. (1940) 22,601; other cities, with 1940
populatlons are Manzanillo (6, 831) Tecoman (3, 295) ; and Co-
mala, 5 mi..from the capital (2, 842)

COLIMA, a city of Mexico and capital of a state of the same
name, 570 mi. (direct) W. by S. of Mexico City and about 36 mi.
inland from the Pacific coast. Pop. (1940) 22 ,601. Colima is pic-
turesquely situated on the Colima river, in a large fertile valley
about 1,650 ft. above the sea, and lies in the midst of fine moun-
tain scenery. About 30 mi. to the northeast the volcano of Colima,
in the state of Jalisco, rises to an elevation of 12,685 ft.; it is the
most westerly of the active volcanoes of Mexico. Colima enjoys a
moderately cool and healthful climate, especially in the dry season
(November to June). ‘The city is regularly laid out and is in great
part well built, with good public buildings, several churches, a
theatre, two hospitals and a handsome market, completed in 1905.
Tramways: connect the central plaze with the railway station,
cemetery, and the suburb of Villa de Alvarez, 24 mi. distant. The
local industries include cotton mills, an ice plant, corn-grinding
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mill and cigarette factories. The city is on the line of the Mexican
National railway which connects Guadalajara with the port of
Manzanillo. Colima was founded in 1522 by Gonzalo de Sandoval.
It has not played a very prominent part in Mexican history be-
cause of its inaccessibility, and for the same reason has suffered
less from revolutionary violence.

COLIN, ALEXANDRE (1526~1612), Flemish sculptor,
was born at Malines. In 1563 he went, at the invitation of the
Emperor Ferdinand I., to Innsbruck, to work on the magnificent
monument which was being erected to Maximilian I. in the nave
of the Franciscan church. Of the 24 marble alti-rilievi, repre-
senting the emperor’s principal acts and victories; which adorn

- the sides of this tomb, 20 were executed by Colin, apparently in
three years.

Colin, who was sculptor in ordinary both to the emperor and
to his son, the Archduke Ferdinand of Tirol, did a great deal of
work for his patrons at Innsbruck and in its neighbourhood, in-
cluding the sepulchres of the archduke and his first wife, Philip-
pine Welser, both in the same church as the Maximilian monu-
ment, and of Bishop Jean Nas.

COLISEUM: see COLOSSEUM.

COLL ISLAND: sce HEBRIDES.

COLLAERT, HANS, Flemish engraver, son of Adrian Col-
laert, a draughtsman and engraver of repute, was born at Antwerp
about 1545. After working some years in his father’s studio, he

went to Rome to perfect himself in his art. His engravings after.

Rubens are very highly esteemed. He left many works: among
the best may be mentioned a “Life of St. Francis,” 16 prints; a
“Last Judgment,” folio; “Monilium, Bullarum, Inauriumque
Artificiosissimae Icones,” 10 prints (1581); “The Dead Christ in
his Mother’s Lap”; “Marcus Curtius”; “Moses Striking the
Rock,” and “The Resurrection of Lazarus,” after Lambert Lom-
bard; “The Fathers of the Desert”; and “Biblia Sacra and the
History of the Church,” after Rubens. ‘

COLLAPSE: see SHOCK AND COLLAPSE. e

COLLAR, something worn or fastened round the neck, par-
ticularly a band of linen, lace or other material, ‘which, under
various shapes at different periods, has been worn by men and
women to serve as a completion or finish to the neckband of a
garment (see DRESs); also a chain, worn as a personal orna-
ment, a badge of livery, a symbol of office or as part of the insig-
nia of an order of knighthood, an application of the term with
which the present article deals. The word is also applied to that
part of the draught-harness of a horse which-fits over the animal’s
neck, to which the traces are attached, and against which the
strain of the drawing of the vehicle is exercised, and to a circular
piece of metal passed round the joints of a rod or pipe, to prevent
movement or to make the joint steam- or water-tight.

Necklaces with beads and jewels threaded thereon or the plain
laces with a hanging ornament are among the common braveries
of all times and countries. From these come thecollar and the
neck-chain. Torques or twisted collars of metal are found in bury-
ing-places of the barbarous people of northern Europe. British
chiefs wore them, and gold torques were around the necks of the
leaders of the first of the Saxon invaders of Britain, among whose
descendants, however, the fashion seems to have languished.
Edward the Confessor was buried with a neck-chain of gold 2ft.
long, fastened with a jewelled locket and carrying an enamelled
crucifix.

The extravagant age of Richard II. saw a great revival of the
neck-chain, heavy links twisted of gold or silver. From this time
onward neck chains, with or without pendant devices, were com-
monly worn by men and women of the richer sort. - The men
abandoned them in the time of Charles I.

Closely allied to the chain are the livery collars which appeared
in the 14th century, worn by those who thus displayed their
alliances or their fealty. Thus Charles V. of France in 1378
granted to his chamberlain Geoffrey de Belleville the right of
bearing in all feasts and in all companies the collar of the Cosse
de Geneste or Broomcod, a collar which was accepted and worn
even by the English kings, Charles VI. sending such collars to
Richard II. and to his three tincles. This French collar, a chain
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of couples of broom-cods linked by jewels, is seen in the con-
temporary portrait of Richard II. at Wilton. The like collar was
worn by Henry IV. on the way to his crowning. Livery collars
of the king of France, of Queen Anne and of the dukes of York
and Lancaster are numbered with the royal plate and jewels which
in the first year of Henry IV. had come to the king’s hands. The
inventory shows that Queen Anne’s collar was made up of sprigs
of rosemary garnished with pearls. The York collar had falcons
and fetter-locks, and the Lancaster collar was doubtless that collar
of Esses (or SS) used by the duke’s son, Henry of Bolingbroke,
as an earl, duke and king. This famous livery collar, which has
never passed out of use, takes many forms, its Esses being some-
times linked together chainwise, and sometimes, in early examples,
bestowed as the ornamental bosses of a garter-shaped strap-
collar. The oldest effigy bearing it is that in Spratton church of
Sir John Swinford (d. 1371). Swinford was a follower of John
of Gaunt, and the date of his death easily disposes of the fancy
that the Esses were devised by Henry IV. to stand for his motto
or “word” of Soverayne. Many explanations are given of the
origin of these letters, but none has as yet been established with
sufficient proof. During the reigns of Henry IV., his son and
grandson, the collar of Esses was a royal badge of the Lancastrian
house and party, the white swan being its pendant. In one of
Henry V1.’s own collars the S was joined to the Broomcod of the

"French device, thus symbolizing the king’s claim to the two

kingdoms.

The kings of the house of York and their chief followers wore
the Yorkist collar of suns and roses, with the white lion of March,
the Clare bull or Richard’s white boar for a pendant device.
Henry VII. brought back the collar of Esses, a portcullis or a rose
hanging from it, although in-a portrait of this king, now possessed
by the Society of Antiquaries, his neck bears the rose en soleil
alternating with knots, and his son, when young, had a collar of
roses red and white. Besides these royal collars, the 14th and
15th centuries show many of private devices. A brass at Milden-
hall shows a knight whose badge of a dog or wolf circled by a
crown hangs from a collar with edges suggesting a pruned bough
or the ragged staff. Thomas of Markenfield (d. ¢. 1415) on his
effigy has a strange collar of park palings with a badge of a hart in
a park, and the Lord Berkeley (d. 1392) wears one set with mer-
maids.

Collars of various devices are now worn by the grand crosses
of the European orders of knighthood. The custom was begun by
Philip of Burgundy, who gave his knights of the Golden Fleece, an
order founded on Feb. 10, 1429-30, badges of a golden fleece hung
from that collar of flints, steels and sparks which is seen-in so
many old Flemish portraits.. To this day it remains the most
beautiful of all the collars, keeping in the main the lines of its
Flemish designer, although a vulgar fancy sometimes destroys the
symbolism of the golden fleece by changing it for an unmeaning
fleece of diamonds. Following this new fashion, Louis XI. of
France, when instituting his order of St. Michael in 1469, gave
the knights collars of scallop shells linked on-a chain. The chain
was doubled by Charles VIII., and the pattern suffered other
changes before the order lapsed in 1830. Until the reign:-of Henry
VIII., the Garter, most ancient of the great knightly orders, had
no collar, 'But the Tudor king must needs match in all things
with Continental sovereigns, and the present collar of the Garter
knights, with its golden knots and its buckled garters enclosing
white roses set on red roses, has its origin inthe Tudor age. The
collar of the Thistle with the thistles and rue-sprigs is as old as
the reign of James II. The Bath collar, in its first form of white
knots linking closed crowns to roses and thistles issuing from
sceptres, dates from 1725, up to which time the knights of the
Bath had hung their medallion from a ribbon. (See KNIGHTHOOD
AND CHIVALRY.)

Founding the order of the Saint Esprit in 1578; Henry IIIL. of
France devised a-collar of enflamed fleur-de-lis and cyphers of H
and L, a fashion which was soon afterwards varied by Henry his
successor. Elephants have been always borne on the collar of
the Elephant founded in Denmark in 1478, the other links of
which have taken many shapes. Another Danish order, the Dan-



- COLLARDS—COLLATION

ne-brog, said to be “re-instituted” by Christian V. in 1671, has
a collar of crosses formy alternating with the crowned letters
C and W, the latter standing for Waldemar the Victorious, whom
a legend of no value described as founding the order in 1219.
Of other European orders, that of St Andrew, founded by Peter
of Russia in 1698, had eagles and Andrew crosses and :cyphers,
while the Black Eagle of Prussia had the Prissian eagle with
thunderbolts in its claws beside roundels charged with ciphers of
the letters F.R.

Plain collars of Esses are now worn in Great Britain by kings-
of-arms, heralds and serjeants-at-arms. Certain legal dignitaries
have worn them since the 16th .century, the collar of the lord
chief-justice having knots and roses between the letters. Henry
IV.s parliament in his second year restricted the free use of the
king’s livery collar to his sons and to all dukes, earls, barons and
bannerets, while simple knights and squires might use it when in
the royal presence or in going to and from the hostel of the king.
The giving of a livery:collar by the king made a squire of a man
even as the stroke of the royal sword made him a knight. Collars
of Esses are sometimes seen on the necks of ladies.

Since 1545-the lord mayor of London has worn a royal livery
collar of Esses. This collar, however, has its origin in no royal
favour, Sir John Alen, thrice a lord mayor, having bequeathed it
to the then lord mayor and his successors “to use and occupie
yerely at and uppon principall and festivall dayes.” It was en-
larged in 1567, and in its present shape has 28 Esses alternating
with knots and roses and joined with a portcullis. Lord mayors
of York use a plain gold chain of a triple row of links given in
1670; this chain, since the day when certain links were found
wanting, is weighed on its return by the outgoing mayor. In Ire-
land the lord mayor of Dublin wears a collar given by Charles II.,
while Cork’s mayor has another which the Cork council bought of
a silversmith-in 1755, stipulating that it should be like the Dublin
one. The lady mayoress of York wears a plain chain given with
that of the lord mayor in 1670, and, like his, weighed on its return
to official keeping. For some 230 years the mayoress of Kingston-
on-Hull enjoyed a like ornament until a thrifty council in. 1835
sold her chain as a useless thing. (0. B.; X))

COLLARDS or COLLARD, (Brassica oleracea form ace-
phala) bears the same botanical name as kale, from which it dif-
fers only in leaf characters. The leaves are like those of common
cabbage, forming a large, prolific rosette like a cabbage plant that

"is approaching the formation of a head, but never forming a true
head. Even when fully grown the plants may be left: unprotected
in the garden, through the winter, in the southern half of: the
United States.. The larger leaves may be removed for use singly
as the stem elongates, or the entire rosette may be harvested.
The plant is a prolific source of nutritionally important minerals,
and vitamins A and C. It is widely adapted, easily grown, and is
probably the least exacting of any of the Crucifers in its require-
ments for successful seed production. Seed is sown in August or
September and the plants thinned to stand about 1 ft. apart in
rows 2 to 3 ft. apart. (See CABEAGE.) (V.R. B)

COLLATERAL, a term used in law in several senses. Col-
lateral relationship means the relationship between persons who
are descended from the same stock or ancestor, but in a different
line; as opposed to /ineal, which is the relationship between as-
cendants and descendants in a direct line, as between father and
son, grandfather and grandson. A collateral agreement is an agree-
ment made contemporaneously with a written contract as part of
the transaction, but without being incorporated with it. Collateral
facts, in evidence, are those facts which do not bear directly on
the matters in dispute. Collateral security is an additional secu-
rity for the safety of the mortgagee, e.g., a deed of guaranty, or
property deposited, to secure the fulfilment of an obligation. -,

Collateral, in banking is the security which a borrower gives
over to a lender as a pledge to guarantee the payment of the debt.
If the debt is paid when and as agreed upon, the collateral is re-
turned to the borrower but if default in payment is made the
lender has the right to sell the collateral and from the proceeds
retain the amount due for principal and interest, returning the re-
mainder, if any, to the borrower. Almost any kind of property
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which is saleable may be used as collateral but as a matter of
practice only certain types are generally acceptable to the lending
banks. :

The “financial type” of collateral is one of the greatest in im-
portance. Certificates of stock in business corporations are ac-
cepted as collateral if they are marketable and give evidence that
they will remain so till the expiration of the time of the loan.
Corporate, municipal or government bonds are acceptable if they
are sound and marketable. Securities which are listed on the
Stock Exchange are much preferred as collateral over unlisted and
outside market securities because of their exceptional marketa-
bility. The borrower usually has the privilege of substituting
other collateral for that already pledged provided the new collat-
eral is satisfactory to the lender. This privilege of exchanging
collateral is especially important and necessary in the case of the
investment banker who is constantly buying and selling and thus
changing his securities, and in the case of the stock-broker who is

.continuously dealing for his clients. The “merchandise type” of

collateral consists of negotiable warehouse receipts, negotiable
bills of lading and trust receipts. Other collateral may be classed
as “personal type,” under which are included deeds, deeds of
trust, mortgages, leases and similar rights in good real estate;
deeds, deeds of trust, bills of sale and similar rights in movable
goods capable of transfer, such as portable machinery, furniture,
livestock, crops and many similar things. Savings bank pass-books,
which serve as vouchers or receipts for deposits made, and with-
out the presentation of which withdrawals cannot be made, are
often assigned to a bank as collateral for loans. Banks will de-
mand that the market:value of the collateral exceed the amount
of the loan so as to safeguard the bank in case of possible shrink-
age of the value of the collateral. The excess margin usually re-
quired is about. 209, and when, through decrease in value of col-
lateral, it falls below this percentage the bank can, under its cus-
tomary agreement, require the borrower to deposit additional
collateral equal in value to the decline, or to pay off a part of the
loan so that the present collateral will again supply the required
margin. On a large loan bankers demand “mixed collateral,” con-
sisting probably of railroad, industrial and other securities, rather
than “straight collateral,” consisting of securities of only one
class. Likewise they do not grant too many small loans, each se-
cured by the same type of collateral. Extremely high-priced
stocks with wide market fluctuations are not considered desirable.
0Odd .lots, z.e., batches of less than 100 shares of any stock, are
unpopular because they are harder to keep track of and rather
troublesome to market if.a sale becomes necessary. Where cor-
porate securities are used as collateral they should be conservative,
rather than speculative issues; active on the market rather than
inactive; and should have good delivery, that is, be negotiable in
form and indorsed in blank by the borrower. Property other than
securities is not acceptable unless it has a determinable value and
a.potential market.

COLLATIA, an ancient town of Latium, 1om. E. by N. of
Rome, by the Via Collatina. Later it became a mere village. It
is the legendary scene of the rape of Lucretia. The site is on the
hill now oecupied by the large mediaeval fortified farmhouse of
Lunghezza, immediately south of the Anio.

COLLATION, the bringing together of things for the pur-
pose of comparison, and thus the critical examination of the texts
of documents or mss. (Lat. collatio from conferre, to bring
together or compare); also used in printing and bookbinding for
the register of the “signatures,” the number of quires and leaves
in each quire of .a book or ms. In Roman and Scots law “colla-
tion” answers to the English law term “hotch-pot” (g.v.). From
another meaning of the Latin word, a consultation or conference,
and so a treatise, comes the title of a work of Johannes Cassianus
(g.v.), the Conferences of the Fathers (Collationes Patrum).
Readings from such works were customary in monasteries. By -
the rule of St. Benedict it is ordered that after supper collationes,
passages from the lives of the Fathers, etc., should be read. On
fast days it was usual in monasteries to have a light meal after
the Collatio, hence the meal itself came to be called “collation,”
a term now used of any light repast.
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COLLE CHARLES (1709-1783), French dramatist and

song-writer, the son of a notary, was born in Paris. In 1729 he
became a member of the famous “Caveau,” which numbered
among its members Helvétius, Charles Duclos, Pierre Joseph
Bernard, called Gentil-Bernard, Jean Philippe Rameau, Alexis
Piron and the two Crébillons. The society was dissolved in 1739,
and was not reconstituted till 20 years afterwards. His first
comedy, La Vérité dans le vin, appeared in 1747. The greater
part of his genre pieces, Thédtre de Société (3 vols., 1777) were
composed for the regent, Orleans, who was a good comedy actor,
especially in low life parts. In 1774 appeared La Partie de chasse
de Henri Quatre (partly taken from Dodsley’s King and the Miller
of Mansfield), Collé’s last and best play. From 1748 to 1772,
besides these and a multitude of songs, Collé was writing his
Journal, a curious collection of literary and personal strictures on
his boon companions as well as on their enemies, on Piron as
on Voltaire, on La Harpe as on Corneille. The subjects of
his lyrics are love and wine; occasionally, however, as in the
famous lyric (1756) on the capture of Port Mahon, for which the
author received a pension, the note of patriotism is struck.

See H. Bonhomme’s edition (1868) of the Journal et Mémoires
(1748-72) ; Grimm’s Correspondance, and C. A. Sainte-Beuve,
Nouveaux lundis, vol. vii.

COLLECTIVISM, a theory that society and industry should
be based upon the collective, or national, ownership of land and
capital, Z.e., of the means of production, distribution and exchange.
Under such a system, the private ownership of capital would be
abolished, but private property in personal goods would remain.
Thus, the cotton-mills would be owned collectively by the nation,
and the products of the cotton mills would be dealt in collec-

tively by the nation, but the consumer who bought the collec- |

tively produced cotton products would own them as his inalien-
able personal property. Collectivism is thus not the common
ownership of wealth, but the common ownership of the means
of producing wealth. For a full discussion of the points involved
see SOCIALISM.

COLLECTOR, a term used for various officials, and par-
ticularly in India for the chief administrative official of a district.
The title is confined to the regulation provinces; in the non-
regulation provinces the same duties are discharged by the deputy-
commissioner (see COMMISSIONER).

COLLEGE (Collegium), in Roman law, a number of persons
associated together by the possession of common functions—a
body of colleagues; in many respects the collegium was what we
should now call a corporation (g.v.). Collegia might exist for pur-
poses of trade like the English gilds, or for religious purposes
(e.g., the college of augurs, etc.), or for political purposes; e.g.,
tribunorum plebis collegia. By the Roman law a collegium must
have at least three members. The name is now usually applied
to educational corporations, such as the colleges of Oxford and
Cambridge, with which, in the numerous English statutes relating
to colleges, the colleges of Winchester and Eton are usually asso-
ciated. These colleges are in the eye of the law eleemosynary cor-
porations. In some of the earlier statutes of Elizabeth they are
spoken of as having an ecclesiastical character, but the doctrine of
the common law since the Reformation has been that they are
purely lay corporations, notwithstanding that most or all of their
members may be persons in priest’s orders.

Colleges appear to have grown out of the voluntary association
of students and teachers at the university. According to some
accounts these must at one time have been numerous and flourish-
ing beyond anything we are now acquainted with. We are told,
for example, of 300 halls or societies at Oxford, and 30,000 stu-
dents. In early times there seems to have been a strong desire to
confine the scholars to certain licensed houses beyond the in-
fluence of the townspeople. Men of wealth and culture, and
notably the political bishops and chancellors of England, obtained
charters from the Crown for the incorporation of societies of
scholars, and these in time became exclusively- the places of abode
for students attending the university. At the same time the cor-
porations thus founded were not necessarily attached to the
locality of the university. The early statutes of Merton college,

COLLE—COLLETTA

for example, allow the residence of the college to be shifted as
occasion required; and the foundations of Wolsey at Oxford and
Ipswich seem to have been the same in intention. In later times
(until the introduction of non-collegiate students) the university
and the colleges became coextensive; every member of the uni-
versity had to attach himself to some college or hall, and every
person admitted to a college or hall was obliged to matriculate
himself in the university.

The fellowships, scholarships, etc., of colleges were until a
comparatively recent date subject to various restrictions. Birth in -
a particular county, education at a particular school, relationship
to the founder and holy orders, are amongst the most usual of
the conditions giving a preferential or conclusive claim to the
emoluments. Most of these restrictions have been swept away.

The American college has no exact counterpart in the educa-
tional system of other countries. It was developed from the
European systems and particularly from the British Universities.
While the older colleges such as Harvard, Princeton and Yale are
in primary form of organization quite similar to the Universities
of Oxford and Cambridge, the representative American college is
an institution with adaptations widely different from the older
schools. The three commonly accepted divisions of education in

| the United States, primary, secondary and higher stages, are fully

recognized but are not rigorously followed. The typical American
college is a composite institution, in part secondary and in part
higher in its organization. It normally consists of a four-year
course of study leading to a bachelor’s degree. The many ten-
dencies at present existing in American institutions of higher edu-
cation are discussed under UNIVERSITIES; EDUCATION; SCHOOLS.

The term “college” (like “academy”) is also applied to various
institutions; e.g., to colleges of physicians and surgeons, and to
the electoral college in the United States presidential elections,
etc. .

For the Sacred College, see CARDINAL

COL LEGNO (1t.), “with the wood,” a direction in music
signifying that the notes so marked are to be played, not in the
usual way, but by striking the strings with the stick of the bow.

COLLEONI, BARTOLOMMEO (1400-1475), Italian sol-
dier of fortune, served the Venetian republic for many years under
Gonzaga and Francesco Sforza. He defeated the Milanese at the
battles of Brescia, Verona and on Lake Garda. He transferred his
services to the Milanese in 1443, but the suspicious nature of
Visconti was awakened by his conduct, and he was imprisoned at’
Monza until the duke died in 1447. He left the Milanese service
in 1448, and returned to that of Venice; but dissatisfied at not
having been appomted captain-general he agam entered the Milan-
ese service.

The offer of increased pay brought him back once more to
Venice, and in 1455 he was appointed captam—general for life. He
died in 1475.

BisrrocrapaY—For an account “of Colleoni’s wars, S. Romanin,
Storia documentata di Venezia vol. iv. (Venice, 1855), and other
histories of Venice; see also G. M. Bonomi, Il Castello di Caverrago
e i conti Martinengo Colleoni (Bergamo, 1884); O. Browning, Life
of Bartolommeo Colleoni (1891) ; B. Belotti, La Vita di Bartolommeo
Colleoni (Bergamo, 1923) .

COLLETTA, PIETRO (1775-1831), Neapolitan general and
historian, served in the Neapolitan artillery against the French in
1798. He adhered to the Parthenopean republic, and on the sur-
render of Naples was imprisoned, but, more fortunate than many
of his comrades, he was pardoned. When Joseph Bonaparte seized
the Neapolitan throne in 1806, Colletta was reinstated in his rank
and in 1812 he was promoted general. On the return of Ferdinand,
Colletta not only retained his rank, but was given command of a
division. When the revolution broke out in 1820, Colletta put
down the separatist movement in Sicily with great severity. On
the re-establishment of autocracy (1821) he was exiled to Brunn
in Moravia, but two years later he returned to Florence, where
he wrote his Storia del reame di Napoli (st ed. Capolago, 1834). -
This work, which deals with the period 1734-1825, is still the
standard history of the subject, despite its manifest bias.

See Gino Capponi’s memoir in Storia del reame di Napoli (2nd ed.
Florence, 1848).
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COLLEY, SIR GEORGE POMEROY (1835-1881),
British general, third son of George Pomeroy Colley, of Rath-
angan, Co. Kildare, Ireland, was born on Nov. 1, 1835. Entering
the 2nd Queen’s Regiment in 1852, he served in South Africa
(1854-60), and in the Anglo-French expedition to China (1860).
In 1870 he went to the War Office to assist in the preparation of
Lord Cardwell’s measures of army reform, and in 1871 was ap-
pointed professor of military administration at the Staff college.
Joining Sir Garnet Wolseley at the Gold Coast in 1873, he took
charge of the transport in the Ashanti expedition. On his return
from Natal where he had accompanied Wolseley in 1875 he was
appointed military secretary, and in 1877 private secretary, to
Lord Lytton, governor-general of ‘India. In 1879 he joined
Wolseley as chief of the staff and brigadier-general in south-east
Africa, but on the murder of Cavagnari at Kabul, returned to
India. In 1880 he succeeded Wolseley in south-east Africa as
high commissioner, and conducted the operations against the
rebel Boers. Defeated at Laing’s Nek and at the Ingogo river, he
was killed at Majuba hill on Feb. 27, 1881.

See W. F. Butler, Life of Sir George Pomeroy Colley (1899).

. COLLIER, ARTHUR (1680-1732), English philosopher,
was born at the rectory of Steeple Langford, Wiltshire, and edu-
cated at Oxford. In 1704 he was presented to the family living
of Langford Magna and held it to his death. His philosophical
opinions grew out of a diligent study of Descartes and Male-
branche.. He makes no reference to Locke, and shows no knowl-
edge of -his works. His chief work appeared in 1713, under the
title Clavis Universalis, or a New Inquiry after Truth, being a
Demonstration of the Non-Existence or Impossibility of en Ex-
ternal World (printed privately, Edinburgh, 1836, and reprinted
in Metaphysical Tracts [1837] edited by Sam. Parr). -

* His views are grounded on two presuppositions: first, the utter
aversion of common sense to any theory of representative per-
ception; second, the opinion shared with Berkeleyy that the dif-
ference between imagination and sense perception is only one
of degree. The former is the basis of the negative part of his
argument; the latter supplies him with all the positive account
- he has to give, and that is meagre enough. The Clavis consists of
two parts. After explaining that he will use the term “external
world” in the sense of absolute, self-existent, independent matter,
he attempts in the first part to prove that the visible world is
not external, by showing—first, that the seeming externality of
a visible object is no proof of real externality; and second, that
a visible object, as such, is not external. The second part of
the book is taken up with a number of metaphysical arguments
to prove the impossibility of an external world. From the hy-
pothesis of an external world a series of contradictions. are
deduced, such as that the world is both finite and infinite, is
movable and immovable, etc.; and finally, Aristotle and various
other philosophers are quoted, to show that the external matter
they dealt, with, as mere potentiality, is just nothing at all.
As cause of our sensations and ground of our belief in externality,

Collier substituted for an unintelligible material substance an’

equally unintelligible operation of divine power. In philosophy
he is a curiosity, and nothing more. :

In theology Collier was an adherent of the High Church party,
though his views were by no means orthodox. In the Jacobite
Mist’s Journal he attacked Bishop.Hoadly’s defence of sincefe
errors.- His views on the problems of Arianism, and his attempt to
reconcile it with orthodox theology, are contained in 4 Specimen
of True Philosophy (1730, reprinted in Metaphysical Tracts,
1837) and Logology, or a Treatise on the Logos in Seven Sermons
on John i. 1, 2, 3, 14 (1732, analysed in Metaph. Tracts). These
may be compared with Berkeley’s Siris.
~ See -Robt. Benson, Memoirs of the Life and Writings of Arthur
Collier (1837) ; Sir W. Hamilton, Discussions (1852) ; A. C. Fraser, ed.
of Berkeley’s Works (1871) ; G. Lyon, “Un Idealiste anglais au XVIIIe
siécle,” in Rev. philos. (1880), x. 375. .

COLLIER, JEREMY (1650-1726), English nonjuring di-
vine, was born at Stow-with-Quy, Cambridgeshire, on Sept. 23
1650. He was educated at Ipswich free school, of which his
father was master, and at Caius college, Cambridge, He was
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appointed in 1679 to the small rectory of Ampton, near Bury
St. Edmunds, and in 1685 he was made lecturer of Gray’s Inn.
He was a nonjuror, and at the Revolution he was sent to Newgate
for writing in favour of James II. a tract entitled The Desertion
discuss’d in a Letter to a Country Gentleman (1688), in answer
to Bishop Burnet’s defence of King William’s position. He was
released after some months of imprisonment, without trial, but in
1692 he was again in prison under suspicion of treasonable cor-
respondence with James. His scruples forbade him to acknowl-
edge the jurisdiction of the court by accepting bail, but he was
soon released. In 1696 for his boldness in granting absolution
on the scaffold to Sir John Friend and Sir William Parkyns, who
had attempted to assassinate William, he was obliged to flee, and
for the rest of his life continued under sentence of outlawry.
When the storm had blown over, he returned to London. In
1697 appeared the first volume of his Essays on Several Moral
Subjects, to which a second was added in 1703, and a third in
1709. In 1698 Collier produced his famous Short View of the
Immorality and Profaneness of the Englisk Stage, . . . He at-
tacked the immorality of the contemporary stage, supporting his
contentions by references to the comparative decency of: Latin
and Greek drama, the profane language of the plays, the abuse
of the clergy common in the drama, the encouragement of vice
by representing the vicious characters as admirable and success~
ful; and, supported his general position by the analysis of par-
ticular plays, Dryden’s Amphitryon, Vanbrugh’s Relapse and
D’Urfey’s Don Quixzote. Collier had no artistic appreciation of
the subject he discussed, and he mistook cause for effect in -
asserting that the decline in public morality was the result of .
the flagrant indecency of the stage. He owed a good deal to
Thomas Rymer’s Tragedies of the Lost Age printed 20-years
before. Dryden contented himself with protesting against Col-
lier’s insolence; but Congreve made an angry reply; Vanbrugh
and others followed. Collier defended himself in numerous tracts:
a Defence (1699), a Second Defence (1700), and Mr. Collier’s
Dissuasive from the Playhouse, in ¢ Letter to a Person of Quality
(1703), and a Further Vindication (1708). -The fight lasted in
all about ten years. The actual effect on the stage of Collier’s
onslaught has been much exaggerated by historians. The drama-
tists were incensed, but they did not mend their ways. ‘
From 1701 to 1721 Collier was employed on his Great His-
torical, Geographical, Genealogical, -and Poetical Dictionary,
founded on, and partly translated from, Louis Moréri’s Dictione
naire - historique, and in the compilation and issue of the two
volumes folio of his own Ecclesiastical History of Great Britain
from the first planting of Christianity to the end of the reign of
Charles II. (1708-14). The latter work was attacked by Burnet
and others, but the author showed himself as keen a controver-
sialist as ever. Many attempts were made to shake his fidelity
to.the lost cause of the Stuarts, but he continued indomitable to
the end. In 1712 George Hickes was the only survivor of the
nonjuring bishops, and in the next year Collier was consecrated.
He had a share in an attempt made towards. union with the
Greek Church. He had a long correspondence with the Orthodox
authorities, his last letters on the subject being written in 1725.
Collier preferred the version of the Book of Common Prayer
issued in 1540, and regretted that certain practices and petitions
there enjoined were omitted in later editions. His first tract on
the subject, Reasons for Restoring some Prayers (1717), was
followed by others. In 1718 was published a new Communion
Office taken partly- from Primitive Liturgies and partly from the
first English Reformed Common Prayer Book . . . which em-
bodied the changes desired by Collier. The controversy that
ensued made a split in the nonjuring communion. His last work
was a volume of Practical Discourses, published in 1725.- He
died April 26 1726. , ‘
BisriocrapmY.—There is an excellent account of Collier in A.

Kippis’s Biographia Britanwica, vol. iv. (1789), where some sensible
observations by the editor are added to the original biography. A full

-list of Collier’s writings is given by the Rev. William Hunt in the

article in the Dictionary of National Biography. For particulars of
Collier’s history as a’ nonjuring bishop, see Thomas Lathbury, 4; His-
tory of the Nonjurors . . . (1845). There is an excellent account of
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the Short View and the controversy arising from it in A. Beljame’s
Le Public et les hommes de lettres en Angleterre au XVIIIe siécle

(2nd ed., 1897), pp. 244-263.
COLLIER, HON. JOHN (1850-1934), British painter, son

of the 1st Lord Monkswell, was born in London on Jan. 27, 1850,
and educated at Eton. He studied painting at the Slade school,
London, and in Paris, Heidelberg and Munich. He enjoyed great
popularity with the public as a painter of what were styled “prob-
lem pictures” or pictures depicting some highly dramatic incident;
but his best work was done in portraiture.. His portraits include
“His Majesty the King when Duke of York” (19o1), “Professor
E. Ray Lankester” (1906), “Professor Huxley” (1891) and “H.
Pelissier” (1909). _

COLLIER, JOHN PAYNE (1789-1883), English Shake-
spearian critic, was born in London, on Jan. 11, 1789. The son of
a journalist, he was on the staff of the Morning Chronicle and then
of The Times for some time. He entered the Middle Temple in
1811, but was not called to the bar until 1829. The delay was
partly due to his indiscretion in publishing the Criticisms on the
Bar (1819) by “Amicus Curiae.” Collier’s first important work
for the English drama was a new edition of Dodsley’s Old Plays
(1825-27), and a supplementary volume, Five Old Plays (1833).
In 1831 appeared his History of English Dramatic Poetry and
Annals of the Stage to the Restoration. He then became librarian
to the duke of Devonshire, and gained access to the chief collec-
tigns of early English literature throughout the kingdom, espe-
cially to the treasures of Bridgewater House. From 1835 to 1839
he published New Facts, New Particulars and Further Particulars
respecting Shakespeare, and in 1852 the famous Perkins Folio, a
copy of the second folio (1632), so-called from a name written
on the title page. On this book were numerous Ms. emendations
of Shakespeare said by Collier to be from the hand of “an old
corrector.”. He published these corrections as Notes and Emenda-
tions to the Text of Shakespeare (1852), and incorporated them
in his edition (1853) of Shakespeare. Their authenticity was
disputed by S. W. Singer in The Text of Shakespeare Vindicated
(1853) and by E. A. Brae in Literary Cookery (1855) on inter-
nal evidence; and when in 1859 the folio was submitted by its
owner, the duke of Devonshire, to experts at the British museum,
the emendations were incontestably proved to be forgeries of
modern date. Collier was exposed by Mr. Nicholas Hamilton in
his Tnquiry (1860). The point whether he was deceiver or de-
ceived was left undecided, but the falsifications of which he was
unquestionably guilty among the Mss. at Dulwich college have
left little doubt. He forged the name of Shakespeare in a genu-
ine letter at Dulwich, and the spurious entries in Edward Alleyn’s
Diary were proved to be by Collier’s hand when the sale of his
library in 1884 gave access to a transcript he had made of the
Diary with interlineations corresponding with the Dulwich for-
geries. No statement of his can be accepted without verification,
and no manuscript he has handled without careful examination,
but he did much useful work. He compiled a valuable Biblio-
. graphical and Critical Account of the Rarest Books in the English
Language (1865); he reprinted a great number of early English
tracts of extreme rarity. His Old Man’s Diary (1871—72) is an
interesting record. He died at Maidenhead on Sept. 17, 1883.

For an account of the discussion raised by Collier’s emendations see
C. M. Ingleby, Complete View of the Shakespeare Controversy (1861).
See-also H. B. Wheatley, Life of J. P. Collier (London, 1884).

COLLIER: see HEWER., -

COLLIMATOR, a lens (g.v.) placed at a distance equal to
its focal length from the luminous object under examination; the
rays proceeding from the lens are thus rendered parallel, which
is ‘equivalent to the removal of the luminous object under
examination to an infinite distance, without the loss of light
intensity which such a procedure entails. ’

In measurements in geometrical and physical optics and spec-
troscopy (g.v.) certain technical advantages require this collima-

tion of the light. In these cases tbe collimator is usually a tele-

scope with a slit at the principal focal length from the lens. Light
from the luminous source is focused on this slit by a lens of sim-
ilar focal length and the slit then serves as the luminous object
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of the optical system.

COLLIN, HEINRICH JOSEPH VON (1771-1811), Aus-
trian dramatist, was born in Vienna on Dec. 26, 1771. In 1805
and in 1809, when Austria was under the heel of Napoleon, Collin,
who was a civil servant, was_entrusted with important political
missions. He died on July 28, 1811. His tragedy, Regulus (1801),
was written in strict classical form in conformity with French
taste. But in his later dramas, Coriolan (1804), the overture to
which- was composed by Beethoven, Polyxena (1804), Balboa
(1806), Bianca della Porta (1808), he made some attempt to
reconcile the pseudo-classic type of tragedy with that of Shake-
speare and the German romanticists. As a lyric poet (Gedichte,
collected 1812), Collin has left a collection of stirring Wehr-
mannslieder for the fighters in the cause of Austrian freedom, as
well as some excellent ballads (Kaiser Max auf der Martinswand,
Herzog Leupold vor Solothurn). His younger brother Matthaiis
von Collin (1779-1824) was in sympathy with the Romantic
movement, and as editor of the Wiener Jahrbiicher fiir Literatur,
was a-potent force in the literary life of Vienna. His dramas on
themes from Austrian national history (Belas Krieg mit dem
Vater, 1808, Der Tod Friedrichs des Streitbaren, 1813) may he
regarded as the precursors of Franz Grillparzer’s historical trag-
edies. ’

H. J. von Collin’s Gesammelte Werke appeared in 6 vols. (1812—14).
See an excellent monograph by F. Laban (1879) ; also A. Hauffen, Das
Drama der klassischen Periode, ii, 2 (1891).

Matthaiis von Collin’s Drematische Dichtungen were published in
4 vols. (1815-17) ; his Nachgelassene Schriften, edited by J. von Ham-
mer, in 2 vols. (182%). A study of his life and work by J. Wihan will
be found in Euphorion, Erginzungsheft (1go1).

COLLIN D’HARLEVILLE, JEAN FRANCOIS (1755~
1806), French dramatist, was born at Mévoisins, near Maintenon
(Eure-et-Loire), on May 30, 1755. His best plays are L’Optimiste,
ou Phomme toujours content (1788), and Le Vieux Célibataire
(1793). Collin was one of the original members of the Institute
of France, and died in Paris on Feb. 24, 1806.

The 1822 edition of his Thédire et poésies fugitives contains a
notice. by his friend the dramatist ‘Andrieux. His Thédtre was also
edited by L. Moland in 1876; and by Edouard Thierry in 1882. )

COLLING, ROBERT (1749-1820), and CHARLES
(1751-1836), English stock breeders, famous for their improve-
ment of the Shorthorn breed of cattle, were the sons of Charles
Colling, a farmer of Ketton, near Darlington, where Charles con-
tinued to farm, while Robert took a farm at Barmpton. An ani-
mal which Robert bought on. Charles’ advice for £8 and after-
ward sold to his brother, became known as the celebrated “Hub-
back,” a bull which- formed the basis of both the Ketton and
Barmpton herds. The two. brothers pursued the same system of
“in and in” breeding which they had learned from Robert Bake-
well (¢.v.), and both the Ketton and the Barmpton herds were
sold by auction in the autumn of 1810. Robert Colling died at
Barmpton on March 7, 1820. Charles Colling died on Jan. 16,
1836. (See AGRICULTURE: A GENERAL SURVEY; CATTLE.)

COLLINGS, JESSE (1831-1920), British politician, was
born at Littleham, Exmouth, Devon, on Jan. 9, 1831. In 1866 he
settled in Birmingham, where he was intimately associated with
Joseph Chamberlain, and in 1878 was elected mayor of Birming-
ham. In 1880 he entered parliament as Liberal member for
Ipswich, and became a famous advocate of the Radical land pol-
icy, associated with the phrase “three acres and a cow.” In 1886
he became parliamentary secretary to the local government board,
but resigned with Chamberlain over William Gladstone’s home
rule policy. In 1895 Collings became under-secretary to the home
office, retaining the post till 1go2. He resigned his seat in parlia-
ment in 1918, and died at Edgbaston on Nov. 20, 1920. He was
the founder (1872) of the Rural Labourers’ league. His works
are: Land Reform (1906); The Colonisation of Rural Britain
(1914, 2 vols.) ; and Autobiography (1920)."

COLLINGSWOOD, a borough of Camden county (N.]J.),
U.S.A,, 3mi. SE. of Camden on the Pennsylvania railroad. It has
some manufactures, including loom works and printing, but is
primarily a suburban residence town, with a population of 8,714
in 1920, and 12,685 (federal census) in 1940. A commission form
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of government was adopted in 1917.

COLLINGWOOD, CUTHBERT COLLINGWOOD
BaroN (1750~1810), Bntlsh naval commander, was born at
Newcastle-on-Tyne on Sept. 26, 1750, educated at a grammar
school, and when eleven years old was sent to sea in the frigate
Shannon in the care of his cousin, Captain Braithwaite. He served
for some years on the home statlon with this officer and also under
Admiral Roddam. In 1774 he served on the North American sta-
tion under Admiral Graves, and was in the naval brigade that saw
service at the battle of Bunker’s Hill, here winning his lieutenancy
(June 17, 1775). In the following year he was lieutenant of the
sloop Hornet in the West Indies, and thereafter began his close’
association with Nelson whose proximity generally seems to have
inspired him to his most brilliant work. He followed Nelson as
first lieutenant of the Lowestoft, as Commander of the Badger,
and post-captain of the fngate Hinchinbrook (March 1780). Im-
medlately afterwards he was one of those employed under Nel-
son in the San Juan expedltlon which failed owing to the appalling
climate which killed nine-tenths of the personnel. After command-
ihg another frigate and the Sampson Collingwood found himself
again with Nelson in the West Indies, this time in the frigate
Mediator. He remained there three years and was present during
the quarrel between Nelson and the commander-in-chief concern-
ing the severity with which the navigation laws ought to be

enforced against the late American colonists, agreeing with Nelson, /

with whom he was by now on most mtlmate terms, that no
leniency should be exercised.

In 1786 Collingwood returned home and, with the exception of
one brief command, remained there till 1792, marrying in 1791
the grand-daughter of one of his old commanders, Admiral Rod-
dam. On the outbreak of war, he was appointed Flag-Captain to
Rear-Admiral Bowyer in the Prince, and with him he shifted to the
Barfleur and took part in Howe’s victory on the “Glorious 1st of
June,” 1794. In August 1795 he was appointed to the Excellent
for his first experience of the Mediterranean station; he was en-
gaged in the blockade of Toulon and took a conspicuous part in
Jervis’s great victory off St. Vincent (Feb. 1797). As ]erv1s
pierced the Spanish line, the Excellent was the rearmost ship in
his fleet and when Nelson had, without orders, taken his ship from
the line to oppose the Spaniards that seemed likely to escape, it
was to Collingwood that Jervis signalled orders to go to his friend’s
assistance. He and Nelson thus found themselves greatly out-
numbered until other ships, in the ordinary course, arrived to
help,—a situation offering scope for heroic deeds of which both
took full advantage. The Spanish flight was held up and two ships
struck to the Excellent. In 1799 Collingwood became Rear-Ad-
miral, and he was at sea in the T#iumph and other ships until the
peace of Amiens gave him some respite.

On the renewal of war in 1803, Collingwood was at once, em-
ployed, and he continued .in active service until his death. He
began in the Channel fleet under Cornwallis which was blockading
Brest. He remained there until May 1805 (having in the mean-
time been promoted to Vice-Admiral in May 1804), when he was
given command of a small squadron which was intended to re-
inforce the Mediterranean fleet under Nelson. He placed himself
off Cadiz when Villeneuve, after his return from the West Indies,
made that port, and there he was joined by Nelson, .so becoming
second-in-command at Trafalgar. In this battle he carried out
brilliantly the part assigned to him.by the commander-in-chief.
With 15 ships he was to attack the rear 11 of the enemy, breaking
through and fighting from to leeward so as to prevent their
escape, Nelson with 12 ships undertaking that the enemy’s van
and centre should not interfere with him. ‘Collingwood carried his
detachment into action in line of bearing—his own contribution
to the tactics of the battle—but, owing to the irregularity of the
allied line, became engaged with 16, instead of 11, ships. As,
however, he demolished them with ease, this was positively a
gain. His own ship, the Royal Sovereign, being a very fast sailer,
was in action some 20 minutes before the rest of his detachment,

and was consequently surrounded by enemies, but she got free

and caused the Spanish flagship to strike to her. On Nelson’s
death, the command passed to Collingwood, and he had the diffi-
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cult task of conserving the fleet and its prizes during the storm
which followed. For his services in the battle he was created Baron
Collingwood of Coldburne and Heathpool, and granted a pension

~of £2000 a year.

The very completeness of Trafalgar prevented Nelson’s imme-
diate followers from achieving any comparable success. Colling-
wood received the Mediterranean command and held it, with dis-
tinction, till his death, but the French were not easily induced to
leave port and on the’ only occasion that he had a chance of catch-
ing them he was hampered by lack of intelligence of their move-
ments. Collingwood was not only a distinguished officer in the
ordinary sense, he was also a gunnery expert, a man of great
political insight and diplomatic ability, a humanist, objecting
strongly to the cruder methods of maintaining discipline cus-
tomary in his time, and a letter-writer of the first class. He died
while on the way home, on March 7, 1810. His health had long
been declining, but the Admiralty had been loath to dispense with
the services of such a popular and versatile officer. He was, very

| fittingly, laid to rest in St. Paul’s by Nelson’s side.

See G. C. M. Collingwood, Selection from the Public and Private
Correspondence of Lord Collingwood (1828) ; W. Clark Russell, Life
of Admiral Collingwood (1891) ; Admiralty Commlttee Report, Evi-
dence relating to the Tactics employed by Nelson at the Battle of
Trafalgar (1913). (G.A.R.C;J.G.B)

COLLINGWQOD, a c1ty of Bourke county, VlCtOI‘la, Aus-
tralia, a suburb of Melbourne on the N.E,, on the Yarra river.
Pop. (1933) was 30,065. It was the first towrl in' Victoria in-
corporated after Melbourne and Geelong. It is now well within_
Greater Melbourne, and less than 2 mi. from the centre.

COLLINGWOOD, a town of Simcoe county, Ontario, Can-
ada, gom. N.N.W. of Toronto, on Georgian bay, and on the Ca-
nadian National railway. Pop. (1941) 6,270. It has steamer com-
munication with all Lake and St. Lawrence ports. It contains a
large stone dry-dock and shipyard, pork factory, and saw and
planing miills, and has a large lumber, graln and produce export
trade, beSIdes a shipbuilding plant and steel works,

COLLINS ANTHONY (1676-1729), English deist, was
born at Heston, near Hounslow in Middlesex, on June 21, 1676.
He was educated at Eton and King’s college, Cambridge. The
most interesting episode of his life was his intimacy with Locke,
who in his letters speaks of him with affection and admiration.
He died 4t his house in Harley street, London, on Dec. 13, 1729.

His writings are important as gathering together the results of -
previous English Freethinkers.. In spite of unorthodoxy Collins
was not an atheist or even an agnostic. In his own words, “Ignor-
ancé is the foundation of atheism and freethinking the cure of it”
(Discourse of Freethinking, 105).

His first work of note was his Essay concerning the Use of
Reason in Propositions the Evidence whereof depends on Human
Testimony (1707), in which he rejected the distinction between
above reason and contrary to reason, and demanded that revela-
tion should conform to man’s natural ideas of God. Like all his
works, it was published anonymously. Six years later appeared
his chief work, A Discourse of Freethinking, occasioned by the

‘Rise and Growth of a Sect called Freethinkers (1713). In spite

of-its indiscriminate attack on the priests, the book contends for
no more than every Protestant must allow. In England this
essay, which was regarded ‘and treated as a plea for deism, made
a great sensation, calling forth several replies, among others from
William Whiston, Bishop Hare, Bishop Hoadly, and ‘Richard
Bentley. Swift, also being satlrlcally referred to in the book,
made it the sub]ect of a caricature.

In 1724 Collins published his Discourse of the Grounds and
Reasons of the Christian Religion, with An Apology for Free
Debate and Liberty of Writing prefixed. Ostensibly, it is written
in opposition to Whiston’s attempt to show that the books of the
Old Testament did originally contain prophecies of events in the
New Testament, which had been eliminated or corrupted by the
Jews, and to prove that the fulfilment of prophecy by the events
of Christ’s life is all “secondary, secret, allegorical and mystical,”
since the original and literal reference is always to some other
fact. Since, further, according to him the fulfilment of prophecy
is the only valid proof of Christianity, he thus sectetly aims a



20

blow at Christianity as a revelation. No less than 35 answers
were directed against this book, the most noteworthy of which
were those of Bishop Edward Chandler, Arthur Sykes and Sam-
uel Clarke. To these Collins replied by his Scheme of Literal
Prophecy Considered (1727). An appendix contends against
Whiston that the book of Daniel was forged in the time of
Antiochus Epiphanes (see Dism).

In philosophy, Collins, is a defender of Necessitarianism. His
brief Inquiry Concerning Human Liberty (1715) has not been
excelled, at all events in its main outlines, as a statement of the
determinist standpoint. Attacked by Samuel Clarke he replied
after Clarke’s death with Liberty and Necessity (1729).

Besides these works he wrote A Letter to Mr. Dodwell, argu-
ing that it is conceivable that the soul may be material, and,
secondly, that if the soul be immaterial it does not follow, as
Clarke had contended, that it is immortal; Vindication of the
Divine Attributes (1710); Priestcraft in Perfection (1709).

See Kippis, Biographia Britannica; G. Lechler, Geschichte des en--

glischen Deismus (1841) ; J. Hunt, Rehgwus Thought in England, ii.
(1871) ; Leslie Stephen, English Thought in the 18th Century, i.
(1881) ; A. W. Benn, Hist. of English Rationalism in the 19th Century
8906) J. M. Robertson, Short History of Freethought (1906) ; and

eism. .

COLLINS, JOHN CHURTON (1848-1908), English liter-
ary critic, was born March 26 1848 at Bourton on the Water,
Gloucestershire, and died at Lowestoft Sept. 15 1908. He was
educated at King Edward’s school, Birmingham, and Balliol col-
lege, Oxford. In 1904 he was appointed professor of English
literature at Birmingham.

His works include: Bolingbroke and Voltaire in England (1886), a
Study of English Literature (1891), a study of Dean Swzft (18903),
Essays and Studies (1895), Ephemera Critica (1901), Essays in Poetry
and Criticism™ (1905), and Rousseau and Voltaire (1908), his original
essays being sharply controver51a1 in tone, but full of knowledge.

COLLINS, MICHAEL (189o-1922), Irish politician, was
born near Clonakilty in County Cork, the eighth child of John
Collins, a prosperous farmer who, at 62, married Kate O’Brien,
his junior by 40 years. Michael Collins entered the second division
of the British civil service and went to London as a junior postal
clerk in 1907. After two years he left the civil service to be clerk
in an accountant’s office. During this period he joined the Irish
Republican brotherhood.

At the beglnmng of 1916 Collins returned to Ireland, jbined.the
Irish volunteers in Dublin, and was one of those who fought urider
Pearse in the general post office during Easter week. He escaped
being taken under arms, but later was arrested and sent with the
great body of suspects to the detention camp at Frongoch. Re-
leased with the rest in July 1917, he was returned at the general
election in Dec. 1918 as Sinn Fein member for County Cork. Out
of 73 elected only 29 were present when they met in the Mansion
house and declared for the Irish Republic. E. de Valera, their
elected president, was in gaol, so was the vice-president, Arthur
Griffith. All effective decisions were taken by the men who were
clever enough to avoid arrest. These were Collins, Cathal Brugha
and the headquarter staff of the Irish volunteers. ;

Brugha (Charles Burgess), as minister of defence in de Valera’s
Republican Ministry, was head of the TIrish volunteers, known
later as the I.R.A. (Irish Republican Army). In this military or-
ganization Collins was head of the intelligence department; but in
the administration ‘as a whole he was minister of finance. In this
dual capacity Collins controlled the entire correspondence of the
movement. All enterprises were considered, financed, and many
were carried out'by him. In March 1919 he and Harry Boland
arranged the escape of de Valera from Lincoln gaol. How far he
was responsible for the spread of the guerrilla war cannot now be
ascertained. But by 1920 his name, first gradually and then uni-
versally, had become known as that of the man most wanted by
the British authorities. A reward of £10,000 was offered for his
arrest, and pictures of him were published. Yet he used no dis-
guise, went about Dublin alone on a bicycle and frequently made
appointments for an interview in the public streets. He demoral-
ized the British secret service and created a most effective spy
system of his own.

At the close of 1920 secret negotiations, conducted through the
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Australian Archbishop Clune, were held with Collins, who afters
wards maintained that all the concessions obtained six months
later could have been secured then but for the action of a county
council which called for cessation of hostilities. This, he held, en-
couraged the British to insist on a surrender of arms, upon which
demand the negotiations broke down. In July 1921 when the truce
with Britain was proclaimed, Collins for the first time became di-
rectly known to the Irish public. No other figure was so popular.
When the negotiations between de Valera and Lloyd George failed
to reach any conclusion, Griffith, Collins and three others were
appointed to renew the attempt. Collins, by his genial personality,
undoubtedly smoothed over many of the difficulties, and though
in principle a republican he knew when the utmost possible had -
been gained. Griffith alone could not have forced the Dail to ac-
cept the treaty against de Valera’s opposition; this achievement
was mainly due to the magnetic personality of the younger man.
When the result of the voting showed the narrow margin of seven
for acceptance, Collins instantly rose and gravely warned the
assembly of the anarchy that might follow dissension. He pro-
posed a joint committee of public order, but the proposal was
rejected. In the debate he had declared that he accepted the
treaty as a stepping stone to a republic, but he was careful both in
his speech and his published volume, Tke Path to Freedom, to
disavow any desire to force a separation which would injure
Britain or leave her exposed. In his opinion, the Dominions were
destined to detach themselves naturally and without a wrench,
like ripened fruit.

The first result of the Dail’s decision was confusion. Griffith
was elected president, not of the Free State but of the Irish Re-
public. Collins was appointed chairman of the provisional Govern-
ment. But administration in the ordinary sense was impossible.
Civil life had been destroyed in the guerrilla war; the police were
now necessarily disbanded, since the struggle had left a blood
feud between them and the people; the British garrison was evacu-
ating the country, and the Irish army, still considered the army of
the Republic, was deeply disaffected.

Collins’s first object was to reach a settlement with Ulster. He
therefore entered into personal negotiations with Sir James Craig,
(Lord Craigavon) premier of Northern Ireland. No settlement
was reached, largely because of the imminence of civil war in
the South. Mutiny broke out in the army, and Collins, hoping
against hope to avoid civil strife, refrained from drastic action.
He was instrumental in postponing the general election (stipulated
for under the treaty), and when at last a date for it was fixed in
June he entered at the eleventh hour into a compact with de
Valera by which he and the Republican leader agreed to appeal for
the unopposed return of candidates jointly nominated by them.
This would have given a very large representation to opponents
of the treaty. But when independent candidates were put for-
ward, Collins at the last moment advised his countrymen to vote
as they wished. This he knew would mean the acceptance of the
treaty. At the elections the republicans were heavily beaten and
the Irish Government, challenged by force even in the capital,
decided to use force in return.

Civil war began; and Collins, assuming chief command, flung '
himself ‘into the struggle with all his energy. Opposition. was
crushed in Dublin and all the large towns. Suddenly, on Aug. 12,
Griffith fell dead and Collins became at once head of the State and
of the army. ‘The newly enrolled forces needed impetus and he
went down to give it to them by his presence in Munster, where
the chief resistance lay. On Aug. 22, 1922, motoring with a strong
escort from Skibbereen to Cork, his party was ambushed, and in
the skirmish he was shot through the head. No man since Parnell
had so caught the imagination of Ireland. Perhaps the moment of
his death was fortunate, for he died when victory was more ap-
parent than real, and he was spared the task of executing those
who had been his comrades. But his work stands, and he emerges
from the struggle with a reputation less tarnished than some of
his contemporaries. (S. G)

COLLINS, MORTIMER (1827-1876), English writer, was
born in Plymouth June 29 1827, and died July 28 1876. His
longest and best sustained poem is The British Birds, a Com-
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munication from the Ghost of Aristophanes (1872). He also
wrote several novels, the best of which is perhaps Sweet Anne
Page (1868).

COLLINS, WILLIAM (1721:-1759), English poet, was born
on Dec. 25, 1721. He divides with Gray the glory of being the
greatest English lyrist of the 18th century. After some childish
studies in Chichester, of which his father, a rich hatter, was the
mayor, he was sent, in Jan, 1733, to Winchester college, where
Whitehead and Joseph Warton were his school-fellows.

In 1734 the young poet published his first verses, in a six-
penny pamphlet, on The Royal Nuptials, of which, however, no
copy has come down to us; another poem, probably satiric, called
The Battle of the Schoolbooks, was written about this time, and
has also been lost. ‘Fired by his poetic fellows to further feats
in verse, Collins produced, in his 17th year, those Persian
Eclogues which were the only writings of his that were valued by
. the world during his own lifetime. They were not printed for
some years, and meanwhile Collins sent, in Oct. 1739, some verses
to the Gentleman’s Magazine, which attracted the notice and ad-
miration of Johnson, then still young and uninfluential. In March
1740 he was admitted a commoner of Queen’s college, Oxford, but
did not go up to Oxford until July 1741, when he obtained a
demyship at Magdalen college. At Oxford he continued his af-
fectionate intimacy with the Wartons, and gained the friend-
ship of Gilbert White. Early in 1742 the Persian Eclogues ap-
peared in London. They were four in number, and formed a
modest pamphlet of not more than 300 lines in all. In a later
edition, of 17509, the title was changed to Oriental Eclogues.

A few days after taking his degree in 1743 Collins published
his second work, Verses humbly addressed to Sir Thomas Hanmer.
This poem, written in heroic couplets, shows a great advance
in individuality, and resembles, in its habit of personifying qual-
ities of the mind, the riper lyrics of its author. For the rest, it is
an enthusiastic review of poetry, culminating in a laudation of
Shakespeare. A second edition of it, differing considerably from
the first, was published in the following year. To this edition was
added the Song from Cymbeline in its original form, which was
not strictly adhered to by the editor, Cave, when he published it
in the Gentleman’s Magazine for Oct. 1749. Collins’s indolence,
which had been no less marked at the university than his genius,
combined with a fatal irresolution to make it extremely difficult
to choose for him a path in life. The army and the church were
successively suggested and rejected; and he finally arrived in
London, bent on enjoying a small property as an independent
man about town. He made the acquaintance of Johnson and
others, and was urged by those friends to undertake various im-
portant writings—a History of the Revival of Learning, several
tragedies and a version of Aristotle’s Poetics, among others—
all of which he began but lacked force of will to continue. He
soon squandered his means, plunging, with most disastrous effects,
into profligate excesses.

It was at this time, however, that he composed his matchless
Odes—12 in number—whlch appeared on Dec. 12, 1746, dated
1747. Collins’s little volume fell dead from the press, but it won
him thé admiration and friendship of the poet Thomson, with
whom, until the death of the latter in 1748, he lived on terms
of affectionate intimacy. In 1749 Collins was raised beyond the
fear of poverty by the death of his uncle, Colonel Martyn, who
left him about £2,000, and he left London to settle in his native
city. He had hardly begun to taste the sweets of a life devoted to
literature and quiet, before the weakness of his, will began to
develop in the direction of insanity, and he hurried abroad to
attempt to dispel the gathering gloom by travel. In the interval
he had published a short piece of consummate grace and beauty—
the Elegy on Thomson, in 1749. In the beginning of 1750 he
composed the Ode on the Popular Superstitions of the Highlands,
which was dedicated to the author of Douglas, and not printed till
long after the death of Collins, and an Ode on the Music of the
Grecian Theatre, which no longer exists. With this poem his lit-
erary career closes, although he lingered in great misery for nearly
nine years. From Gilbert White, who ]otted down some pages
of invaluable recollections of Collins in 1781, and from other
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friends, we learn that his madness was occasionally violent, and
that he was confined for a time in an asylum at Oxford. But for
the most part he resided at Chichester, suffering from extreme
debility of body when the mind-was clear, and incapable of any
regular occupation. In this miserable condition he passed out of
sight of all his friends, and in 1756 it was supposed, even by John-
son, that he was dead; in point of fact, however, his sufferings did
not cease until June 12, 1759. No journal or magazine recorded
the death of the forgotten poet, though Goldsmith, only two
months before, had begun the laudation which was soon to be-
come umversal

No English poet so great as Collins has left so small a bulk
of writings. Not more than 1,500 lines of his have been handed
down to us. His odes are the most sculpturesque and faultless
in the language. They lack fire, but in charm and precision of dic-
tion, exquisite propriety of form and lofty poetic suggestion, they
stand unrivalled. The ode named Tke Passions is the most pop-
ular; that To Evening is the classical example of perfect un-
rhymed verse. In this, and the Ode to Simplicity, one seems to
be handling an antique vase of matchless delicacy and elegance.
In his descriptions of nature it is unquestionable that he owed
something to the influence of Thomson. Distinction may be said
to be the crowning grace of the style of Collins; its leading pecu-
liarity is the incessant personification of some quality. of the
character. In the Ode on Popular Superstitions he produced a
still nobler work;. this poem, the most considerable in size "Which
has been preserved, contains passages which are beyond question
unrivalled for rich melancholy fullness in the literature between
Milton and Keats.

_ See his life in Johnson’s Lives of . the Poets and the b1ography by
M. Thomas (1853). There is a bibliography of his writings in Seven
18th Century Bibliographies by 1. A. Williams (1924). (E.G)

COLLINS, WILLIAM WILKIE (1824-1889), English
novelist, elder son of William Collins, R.A. (1787-1847), the
landscape painter, was born in London on Jan. 8, 1824, and died
there on Sept. 23, 1889. He was educated at a private school in
Highbury, and when only a small boy of twelve was taken by
his parents to Italy, where the famlly lived three years. On his
returh he was articled to a firm in the tea trade, but later aban-
doned that business for the law, and was entered at Lincoln’s Inn
in 1846, being called to the Bar three years later. He took little
interest, however, in his new career. On his father’s death in
1847, Collins made his first essay in literature with The Life of
William Collins (1848). In 1850 he published his first novel,
Antonina, or The Fall of Rome, which was clearly inspired by his
life in Italy. Basil appeared in 1852, and Hide and Seek in 1854.
About this time Collins made the acquaintance of Charles Dickens, .
and began to contribute to Housekold Words, where After Dark
(1856) and The Dead Secret (1857) ran serially. Among his
most successful subsequent books were The Woman in White
(1860), No Name (1862), Armadale (1866), and The Moonstone
(1868). After The New Magdalen (1873) his ingenuity seemed
to become exhausted.

Collins’ popularity was great in his own day. He subsequently
shared the temporary eclipse of most of the Victorian authors,
but regained some of his vogue through the increasing popularity
of mystery stories in the early years of the twentieth century.
His style approximates, at its worst, to the melodramatic, and
he sometimes exhibits all the violence and crudity ‘of the “penny
gaff.” But he was undeniably a first-class story-teller, a master
of situation and effect. His method of telling a story through the -
mouths of several characters, though sometimes criticised, has
been imitated with success by subsequent writers of similar
stories, such as Bram Stoker in Dracula, and is certainly well
adapted to the progressive elucidation of a mystery. Some of his
characters are not only real but uncommon. Later admirers of
“Professor Moriarty” and “Arséne Lupin” could find a peer and

Jn many respects a superior to these and similar personages in

Count Fosco in The Woman in W kite, who is the spiritual parent

of scores of subtly humorous sardonic villains.
COLLINSVILLE, a city of south-western Illinois, U.S.A.,

on the Pennsylvania Rallroad 12m. EN.E. of St. Louxs The
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population in 1930 was 9,235; 1940, 9,767 by the federal census.
It is in a coal-mining and farming region; has a dress factory,
flour mills, a large poster-printing plant, a tomato products factory,
and manufactures pressed bricks and cowbells. It was settled
about 1810 and incorporated as a city in 1873.

COLLODION, a colourless, viscid fluid, made by dissolving
gun-cotton and the other varieties of pyroxyhn in a mixture of
alcohol and ether. It was discovered in 1846 by Louis Nicolas
Meénard in Paris, and independently in 1848 by Dr. J. Parkers
Maynard in Boston. The quality of collodion differs according to
the proportions of alcohol and ether and the nature of the pyroxy-
lin it contains. Collodion in which there is a great excess of ether
gives by its evaporation a very tough film; the film left by col-
lodion containing a large quantity of alcohol is- soft and easily
torn. Under the microscope, the film produced by collodion of
good quality appears translucent and colourless. To preserve
collodion it should be kept cool and out of the action of the light.
For the iodizing of collodion, ammonium bromide and iodide, and
the iodides of calcium and cadmium are the agents employed.
(See PuoToGRAPHY.) Collodion is used in surgery since, when
painted on the skin, it rapidly dries to a thin contractile film,
affording both pressure and protection. Flexible collodion, con-
taining Canada balsam and castor oil, does not crack, but, on the
other hand, does not contract. M. E. Gripon found (Compt. rend.,
1875) that collodion membranes, like glass, reflect light and
polarize it both by refraction and reflection; they also transmit
a very much larger proportion. of radiant heat for the study of
which they are preferable to mica.

BisriocrAPEHY.—Medical uses of collodion: -W. H. Martindale &
W. W. Westcott, Extra Pharmacopeia (1924, 1925; 19th ed. vol. i,

1928) ; Photographic use of collodion: T. E. Thorpe, Dictionary of
Applied Chemistry, vol. v. (1924).

COLLOIDS. In a paper entitled “Liquid Diffusion applied
to Analysis” published in 1861 in the Philosophical Transactions,
Thomas Graham (q.v.) described the results of an investigation
carried out with very simple means. Aqueous solutions were
placed in a cylindrical vessel the bottom of which was formed
by a piece of animal membrane, like pig’s bladder, or by the
recently invented parchment paper, and the membrane immersed
in water. The amount of dissolved substance which diffused into
the outer water was determined from time to time. Graham
found that the numerous substances examined fell into two
classes: those which diffused in appreciable amounts and those
which hardly passed through the membrane in perceptible quan-
tities. The former were without exception substances known to
crystallize from their solutions, like various salts or sugar, while

. the latter, among which were albumin, gum arabic or gelatin,
had never been known as crystals. Graham accordingly called
the first class crystalloids and the second class colloids (from
colla, glue).

Graham made the further dlscovery that a number of sub-
stances known to be insoluble in water could, by appropriate
procedure, be brought into a state of solution. Thus prussian
blue, the well-known pigment, is quite insoluble in water, but
dissolves in a solution of oxalic acid. If such a solution is placed
in Graham’s apparatus, the oxalic acid diffuses into the outside
water and the prussian blue remains behind, but still forms what
appears a perfectly clear solution, and thus behaves like Graham’s
other colloids. He called this method of separating crystalloid
from colloid constituents “dialysis” and the apparatus used for it

a “dialyser,” terms still in use.

Graham studied by the same method a number of -similar
preparations, one of which only need be mentioned. If a dilute
solution of sodium silicate (the “waterglass” of commerce) is
poured- into dilute hydrochloric acid, silicic acid. and sodium
chloride are formed. If this mixture is now dialysed, the sodium
chloride passes out and a perfectly clear and colourless solution

of silicic acid remains in the dialyser, although this substance,

which occurs in great quantities in nature; is almost completely
insoluble in water. Both this solution and that of prussian blue,
however, exhibit very striking differences from ordinary solutions
of crystalloids beyond the fundamental one of not passing through
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the dialysing membrane. On addition of a few drops of any acid

or salt solution the prussian blue is immediately coagulated and
in a short while settles out as a flocculent precipitate, leaving the
liquid quite clear and colourless. The silicic acid solution even
undergoes a spontaneous change on keeping: it gradually becomes
more and more viscous, develops a bluish opalescence and finally
sets to a jelly; the change can be enormously accelerated by the
addition of a few drops of am-
monia or even by bubbling carbon
dioxide gas through the solution.
Both these transformations are
irreversible: neither the precipi-
tate of prussian blue nor the jelly
of silicic acid can be re-trans-
formed into the original solution
by washing or the like.

Graham gave the convenient
name of sol to a solution which
did not dialyse, and the name of
gel to its product of transforma-
tion; both terms have come into
general use and will be employed
in the rest of this article.

Earlier Observations.—Gra-
ham’s method of preparing sols
or colloidal solutions of many
substances known to be insoluble
was new and fundamental, but
numbers of such apparent solu-
tions had been observed long be-
fore him. - Berzelius (q.v.) had
already noticed that silicic acid,
sulphur and several metallic
sulphides formed such solutions
in certain conditions; Francesco
Selmi (1817-81) had investigated
prussian blue and sulphur sols
and expressed very modern views
on - the constitution of these
“pseudo-solutions,” as he called
them, and many other isolated
observations are on record.

Of particular interest is the first systematic investigation of
what is now called colloidal gold or gold sol, a preparation which
has been of immense importance in the study of colloids. It
was known already to the alchemists of the 17th century that
very dilute gold chloride solutions, when treated with reducing
agents, turned red or purple. In a paper entitled “On the experi-
mental relations of gold (and other metals) to light” published
in the Philosophical Transactions in 1857, Faraday described
such ruby and purple fluids obtained with various reducing agents
and gave an extremely complete account of their properties.
They were at once turned blue and eventually precipitated by
traces of electrolytes; this change, which was irreversible, was
even produced after a time by the minute amount of matter
dissolved out of the glass vessels. ‘Faraday expressed the definite
view that the gold in these liquids was present in the form of
extremely minute particles, much too small to be visible in the
microscope; their presence could, however, be made evident “by
gathering the rays of the sun into a cone by a lens and sending
the part of the cone near the focus into the fluid”; the cone
becomes visible which it would not be in a liquid entirely free
from suspended particles.

This method of illumination was later used extensively by
Tyndall and is generally known as the Tyndall cone; it has
become one of the most delicate means of making small particles
collectively visible in liquids or gases. '

The Invention of the Ultra-Microscope.—Faraday’s paper
was almost completely overlooked for about fifty years. Towards
the end of the last century R. Zsigmondy (now professor at
Gottingen) prepared “ruby liquids” similar to those of Faraday
by a new method of reduction, which he at first described as

FI1G. 1.—CATAPHORESIS TUBE FOR
COLLOIDAL SOLUTIONS DEMON-
STRATING THAT THE ' BOUNDARY
BETWEEN ~ COLLOIDAL SOLUTION
AND WATER MOVES TOWARDS THE
POLE WITH THE OPPOSITE SIGN TO
THAT OF THE ELECTRIC CHARGE
ON THE COLLOIDAL PARTICLES
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“aqueous solutions of metallic gold.” The questi.on of their
constitution—and that of most other sols—was however eventu-
ally solved by means of the: “Ultra-microscope” (see Micro-
SCOPE), "designed by Zsigmondy and H. Siedentopf (the scien-
tific adviser of the firm of Carl Zeiss) in 1903. In this instrument
a small, but extremely intense, Tyndall cone is projected into
the liquid and is viewed at a right angle to its axis with a micro-

scope. Particles which, for rea- v -
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sons inherent in the formation of
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microscopic images, cannot be
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seen in the ordinary microscope
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on account of their small size,
become visible in the ultra-micro-
scope as bright discs on a dark
ground. - The apparent size of
the discs is no measure of the
actual size of the particles which
can, however, be calculated |y

from the number counted in a [me
known volume * of illuminated
liquid and from the known con-
centration. Discs
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Avery largenumber of sols have or Ge
been examined with the ultra-

microscope since . its 1nventhn Porous

and have been found to.contain ‘ H—CLay

particles of very various sizes, the
upper limit of which is rough-
ly 1oo-150uu (up=one-millionth
of a millimetre; this is  the
usual unit of ultra-microscopic OF INDIA RUBBER IN VARIOUS SOL-
measurements). The lower limit VENTS

of visibility depends, apart from the intensity of the illumination,
an the size of the particle and on the optical difference between
its substance and that of the liquid; the difference is greatest
with metallic particles, and, with sunlight as the source of illumi-
nation, gold particles of about 5.uu can just be made visible.

The presence of particles within the range described and thus
very much larger than even complicated molecules is the char-
acteristic of all colloidal solutions. Some substances, like albumin,
gum arabic in cold ‘and gelatin in warm water, are spontaneously
dispersed, as the usual term, is, into particles of  such size;
inorganic compounds such as have been mentioned, and very
many others, must be produced by reactions which, by suitable
choice of concentration, temperature and other factors, are so
controlled that the particles formed cannot grow beyond the
limit of colloidal sizes. This result has now been. achieved in
many hundreds of ‘cases, and it is clear that Graham’s distinc-
tion between colloids and crystalloids as two different kinds of
matter is no longer tenable. Sulphur crystallizes:from solution in
carbon disulphide, while common salt does so from aqueous solu-
tion; sols of sulphur in water and of salt: in several organic
liquids can, however, be prepared by a variety of methods.
Although the term ‘“colloid” is used for convenience, it now
means, not a peculiar type of matter, but merely matter which is,
or can be made to appear in, a particular state of subdiyision.
Some substances, which were among  those investigated by Gra-
ham, invariably and spontaneously assunre this state when brought
into contact with a suitable liquid, while others have to be
produced in conditions so controlled that the required . subdi-
vision is brought about.

Brownian Movement and Stability.—When particles can
be observed at all they are always seen to be in constant motion
of a very peculiar kind; they quiver and describe irregular paths,
the distances traversed by small particles sometimes amounting
to several times their diameter. The motion is not confined to
ultra-microscopic particles, but was first observed in 1827 by
Robert Brown, the botanist, with: microscopic particles (pollen
grains). The motion, which is called the Browmnian movement
(g.v.) is now known to be caused by the impact of the molecules

FiG. 2.—APPARATUS FOR DETER:
MINING ,THE DEGREE OF SWELLING

of the surrounding liquid on the particle, and its amplitude

increases as the size of the particle decreases.: The impacts take

23

place in all directions and the fraction of component which acts
vertically upwards is sufficient to counteract gravity and to keep
the particles from settling out in the course of time; in the
absence of the Brownian movement' even ultra-microscopic
particles would shew appreciable sedimentation within a few
hours or days. g

Although the particles move in all directions they never, in a
stable sol, are observed to collide with one another. Since there
is nothing in the nature of the movement itself to render such
collisions impossible, there must be something in the particles
themselves which prevents collision. What this factor is will
become clear when we have considered the classification of sols.

Classification of Sols.—In spite of the great diversity of

“behaviour exhibited by individual sols two main types can be

clearly distinguished, one resembling the Prussian Blue or the
gold sol, the other the gum arabic or albumin sol. The first type

is generally very dilute and strikingly sensitive to small concen-

trations of electrolytes, which produce immediate coagulation
followed by settling out of the dispersed substance. The coagulum
in the great majority of cases cannot be made to pass into col-
loidal solution again. On the other hand sols of the second type,
e.g. of albumin, are not perceptibly affected by small electrolyte
concentrations; very high concentrations, such as saturation with
ammonium sulphate, cause coagulation, but with this and some
other salts the coagulation is reversible and the albumin disperses
again when the salt is removed by dialysis. A somewhat similar
effect is produced by alcohol or acetone, organic liquids which
strongly attract water. ' ,

Colloids of the first class are called lyopkobic and those of the
secondlyophilic, i.e., translated literally, such as hate and such
as like the state of solution, the classification of Prof. Herbert
Freundlich (1880-1941) and many authors. Prof. Wolfgang Ost-
wald of Leipzig distinguished suspensoids and emulsoids; these
classes coincide roughly, though not quite exactly, with the lyo-
phobic and'lyophilic respectively. These terms imply that the one
class resembles suspensions, the usual description of a liquid in
which solid particles are distributed, while the other resembles
emulsions, which contain globules of one liquid distributed in an-
other. The assumption that the particles in this class are liquid
rests on inferences which are not generally accepted.

The Lyophobic or suspensoid sols shew a much more uniform
behaviour than the lyophilic ones and may therefore be described
first. They are all fairly dilute, concentrations of a few per cent
being rarely exceeded, clear or slightly opalescent; their colour
may vary widely for a given substance: thus gold sols may be
red, purple or blue, and silver sols any colour from blue through
purple and red to yellow. Their common and most striking
characteristic, the sensitiveness to electrolytes, has already been
mentioned repeatedly. A further property common to all of
them, whatever the chemical nature of the dispersed substance,
is the existence of a difference of electric potential between the
surface of the particles and the surrounding liquid.. The conse-
quence is that in an electric field they move towards one pole,
as was first shewn (for arsenic trisulphide sol) by S. Linder and
H. Picton, working in Ramsay’s laboratory in 1892. This phe-
nomenon, known as cataphoresis, is demonstrated in the simple
apparatus illustrated in Fig. 1.  The lower portion of the U-tube
is filled with the sol to be investigated, while the limbs contain
distilled water, into which dip two electrodes. When these are
connected to an -electric supply, the particles move towards the
electrode of the sign opposite to that on their surface, and, if the
sol is coloured, the boundary between it and the water above
can be seen to move accordingly. It can now be shewn that
the existence of the charge at the surface of the particles is
necessary for the stability of the sol. By careful addition of
electrolyte in small amounts the charge on the particles can be
neutralized, which shews itself by their no longer travelling in the
electric field; when this point is reached, or even before the
potential difference is quite  reduced to zero, the sol becomes
unstable and eventually precipitates. The particles which, not-
withstanding the Brownian movement, did not collide while
charged, now come into collision, adhere to one another and
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finally form aggregates sufficiently large to settle out.

Many theories, which cannot be discussed here, have been
advanced to explain the origin of the potential difference, why
it prevents collision is still obscure, although the facts are clearly
established.

The great majority of lyophobic sols, like those of sulphur, the
sulphides, ferrocyanides, gold, silver, platinum, -etc. contain
particles which are negatively charged towards the liquid and
travel to the anode; the particles of a number of oxide sols, like
those of iron, chromium, aluminium and cerium, are positive and
travel to the cathode.

Electrolyte Coagulation.—The concentration of electrolytes
required to bring about coagulation of a lyophobic sol (arsenic
trisulphide) was investigated for the first time by Hans Schulze
in 1882. He found that the concentration of salt depended on
the nature of its metal or, as we now say, its cation and to a
very marked degree on its valency. Potassium salts, with a
~ univalent cation, had to be used in concentrations 4o0-50 times

as great as the corresponding salts of bivalent cations like
magnesium or barium, and in concentrations about soo times as
great as the corresponding salts of a tervalent cation like al-
uminium. The coagulation of the arsenic trisulphide sol, with
negative particles, was again studied with great thoroughness
by Linder and Picton, who confirmed Schulze’s results and ex-
tended his rule by examining the ferric oxide sol, the particles
of which are positive. They found that in this case the valency
of the acid or anion was the determining factor. A very consider-
able amount of study has since been devoted to the phenomenon,
which substantially confirms the findings of the pioneer workers;
the valency of the ion of the sign opposite to that of the sol
particles determines the concentration required to produce coag-
ulation, but the ion which has the same sign makes itself felt by
a slight antagonistic effect: thus potassium chloride or nitrate
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FIG. 3.—LIESEGANG RINGS OF SILVER CHROMATE WHICH STRIKINGLY
RESEMBLE THE BANDING IN MANY MINERALS, SUCH AS AGATE, AND ARE
BELIEVED TO EXPLAIN ITS FORMATION

will coagulate a negative sol in somewhat lower concentration
than potassium sulphate or citrate.

It has been mentioned as one of the chief characteristics of
the second or lyophilic class of colloids that they are little
affected by low electrolyte concentrations. If a lyophilic colloid
in small amount is added to a lyophobic sol it imparts to it this
enhanced resistance to electrolytes or, as it is usually called,
“protects” it. This protective action had been observed already
by Faraday, who noticed that the addition of ‘“‘a little jelly” made
his ruby fluids much more stable. Gelatin is, indeed, one of
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the most effective protective agents for gold sols; a few milli-
grammes per litre prevent coagulation by salt concentrations
many times higher than those which precipitate the unprotected
sol. Gum arabic, albumin and its products of decomposition as
well as tannin act in the same way. Various body fluids contain
mixtures of proteins which act as protective colloids; in the
cerebro-spinal fluid the protective effect is altered by various
diseases and a diagnosis can be made by coagulating, by a stand-
ard sodium chloride solution, mixtures of the fluid with standard
gold )sol and noting the colour change produced (Lange’s test,
1912).

The suspensoid of lyophobic sols are all laboratory products
and, while of the greatest theoretical interest, do not play as
important a part in nature or in the arts as do the lyophilic
colloids. A number of sols, e.g. of ferric oxide, manganese dioxide,
silver, selenium, sulphur, etc., are used in medlcme all sols made
for this purpose are protected Sols of graphite in water or oil
find extensive use as lubricants. Coagulation by electrolytes -
is used in a number of processes to precipitate finely divided
matter suspended in liquids and, indeed, occurs on a huge scale
in nature; clay and other particles carried down by rivers are
coagulated on contact with salt water and are deposited to form
such deltas as are present at the mouths of the Nile and the
Mississippi.

Lyophilic Colloids.—The lyophobic collords however differ-
ent their chemical constitution, shew on the whole a remarkable
uniformity of behaviour. The lyophilic colloids, on the other
hand, exhibit very considerable variety and have no such striking
feature in common as the electrolyte coagulation characteristic
of all lyophobic sols. Nevertheless a fundamental similarity can
be perceived when the properties of a few representatlves of
the group are surveyed and compared

Albumin.—White of egg is a mixture of several proteins
(g.v.) the most important of which, albumin, can be isolated
by a simple procedure. The white is beaten to a froth, the clear
liquid which drains from it suitably diluted, and -sufficient
ammonium sulphate is added to form a half-saturated solution.
A precipitate forms, consisting of globulin, another protein, while
the liquid contains albumin and ammonium sulphate, which can
be removed by dialysis. The remaining sol of natural albumin
can be shewn to contain negatively charged particles; on the
gradual addition of acid it loses the charge and at a fairly con-
stant acid concentration becomes neutral or “iso-electric” (Hardy,
1900).

Addition of neutral salts produces coagulation, but the con-
centrations required are enormously greater than those required
for the precipitation of lyophobic sols, and in many cases, e.g.
ammonium sulphate, amount to saturation. Salts fall into three
classes according to their cation: salts of the alkalis form
reversible coagula, which on dilution or dialysing out the salt
disperse again; salts of the alkaline earths in about the same .
concentrations produce precipitates which are at first reversible
but soon become permanently insoluble, while, ﬁnally, salts of
the heavy metals produce irreversible precipitates in much smaller
concentrations.

If salts of the first class with the same catlon, say potassium
or ammonium, are compared, it is found that the concentration
required to precipitate of, as it is often called, “salt out” natural
albumin depends markedly on the anion or acid. If the salts
are arranged in increasing order of the concentrations required
to produce coagulation, i.e. in decreasing order of their efficacy,
the following sequence of anions is found:

Citrate—Tartrate—Sulphate;Acetate——Chloride—
Nitrate—Chlorate—(Iodide—Thiocyanate)

The salts of the two anions in parenthesis do not salt out even
in saturated solutions. This sequence, which is of fundamental
importance in the theory of lyophilic sols, was found by Hof-
meister (Professor at Strasbourg) in 1888 and is generally called
after him.

Albumin, like the ma]orlty of aqueous lyophilic sols, is also
precipitated by alcohol; the concentration required is smallest
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at the iso-electric point, a significant fact to which reference
will be made again. .

Albumin finally undergoes a specific change familiar to every-
one when heated for some time above 65° C: it coagulates irre-
versibly. When concentrated it forms a stiff white gel (boiled
white of egg), when dilute an opalescent sol which has distinctly
lyophobic character and is precipitated by low electrolyte concen-
trations.

Another protein, glutin, is the principal constituent of a
lyophilic colloid well known to most people, gelatin. If the sheet
or powder, as which it occurs in commerce, is placed in cold
water, it swells until it has taken up six to ten times its weight
of water. On warming to about 30° the gel disperses to form a
faintly turbid sol which remains liquid above about 25° and on
cooling “sets” to a jelly, the change being completely reversible.

High salt concentrations produce a stringy coagulum from the
sol, ‘and alcohol also precipitates gelatin. The most striking
effect of salts, however, is shown in .the viscosity of the sol and
in the sol-gel transformation or setting. Here the Hofmeister
series of anions appears again quite unmistakably: the salts at
the beginning of the series make the sol more viscous, favour
setting so that it takes place at higher temperature, and produce
a stiffer jelly; these effects decrease towards the end of the series
and the last members, iodide and thiocyanate, lower the viscosity
of the sol, retard setting and, in sufficient concentrations, even
prevent it altogether.

A substance shewing a behaviour quite parallel to that of
gelatin, though differing from it profoundly in chemical consti-
tution, is agar, much used as a culture medium in bacteriology.
It is prepared from a number of Japanese seaweeds and occurs
in commerce as shreds or powder, the principal constituent. of
which is a carbohydrate (g.v.). In cold water the substance
swells and on heating to boiling point forms a sol, which on
cooling to about 30° sets to a jelly at concentrations as low as
0-29%. The effect of the Hofmeister series is again exactly the
same as on gelatin, which excludes the possibility of ascribing
it to any sort of chemical action; the anions at the beginning
favour setting, while those at the end retard or prevent it.

At sufficiently low concentrations the agar sol does not set to
a jelly, and such dilute sols have been the subject of theoretical
investigations of much importance (by Prof. Kruyt of Utrecht
and his pupils) which afford an insight into the character.of
lyophilic sols in general.

Agar sol, like many others of this class, is an almost clear
liquid and shews no particles in the ultra-microscope, but only a
diffuse cone of light. It has already been emphasized that two

factors determine the possibility of making ultra-microscopic’

particles visible, sufficient intensity of illumination being assumed:
the size and the optical difference between particles and medium.
It is the latter which is small in lyophilic sols, in which however
the existence of particles falling within the colloidal range can
be demonstrated, and their size estimated, by indirect methods
which cannot be discussed here. A starch sol, e.g., which.in-many
respects resembles the agar sol closely, contains particles of

about 14uu diameter. From the number of particles and the

known quantity of dry starch used in making the sol it can
however be calculated that this would account for particles of
about 6uu diameter only, so that we must conclude the starch
to be somehow associated with sufficient water to make up the
larger volume, i.e. one part of starch with about eleven of water.
Such hydrated—as the usual term is—particles are present in all
lyophilic sols.

The particles of the agar sol are negatively charged, and the
charge can be neutralized by small additions of electrolytes of the
same order of concentration as are necessary for the coagulation
of lyophobic sols. The agar sol however shews no perceptible
change when this has been done, so that there must be some
factor other than, or additional to, the electric charge which
keeps it stable. This factor is the hydration or water associated
with the particles, as can be shewn by adding some liquid which
strongly attracts water, such as alcohol or acetone, to the sol
which has been rendered electrically neutral by small electrolyte

e
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concentrations: coagulation takes place as soon as sufficient
alcohol has been added to produce dehydration, i.e. withdrawal
of water from the particles. The inverse order of procedure
confirms the result just described; on addition of alcohol to agar
sol without electrolyte the clear liquid becomes opalescent and
shews copious particles in the ultra-microscope. The withdrawal
of water from them increases the optical difference between them
and the surrounding liquid, so that, al-
though smaller, they become visible.. The
sol has, in fact, been transformed into a
Iyophobic sol, but is still stable because it
retains its electric charge; this can be
neutralized in the usual way by small
additions of electrolytes, which again bring
about coagulation.

There are thus two factors which main-
tain the stability of the lyophilic sols, elec-
tric charge and hydration, and both have
to be removed to bring about precipitation.
Removal of the charge alone or dehydra-
tion alone alters the character of the sol
but leaves the altered sols stable.

These considerations also elucidate
satisfactorily the meaning of the Hof-
meister series, which has been mentioned

"several times. The action of salts in e.g.
salting out albumin is twofold: the first
small addition neutralizes the charge, while
the furthér large amounts required for
coagulation act, like alcohol, by reducing
the hydration of the particles. It is well
known that the ions, into which the salts
dissociate, are themselves hydrated, i.e.
attach water molecules to themselves, to
very different degrees and in proportion to
this degree of hydration withdraw water
from the colloid particles. The ions also
have an effect on the water, to which brief

reference only is possible: water at ordinary temperature is
known to contain multiple or associated molecules, and its solvent
properties are dependent on the proportion of those of the “degree
of association.” The degree of association itself is proved to be
affected by the presence of the ions of the Hofmeister series.

We have so far spoken of lyophilic colloids in,water only, and
experimental investigation has, until recent times, been largely
confined to them and more particularly to the proteins. The
reason is the enormous importance of the proteins in living
organisms; to take a-single example, blood or, more exactly, the
serum in which the red and white corpuscles are suspended, is
a sol containing a mixture : of several proteins with different
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F1G. 4.—STRATIFICATION
OF MAGNESIUM HYDROX-
IDE, SHOWING THE CLEAR
SPACES BETWEEN THE
STRATA

' properties which have been gradually elucidated by the methods

of colloid chemistry. There are however many lyophilic sols
of the greatest importance in the arts, in ‘which the medium is
not water but an organic liquid or a whole group of such. Thus
india rubber forms sols in many hydrocarbons like petroleum
ether, benzene or toluene, and also in substituted hydrocarbons
like carbon tetrachloride or tetrachloro-ethane; the rubber solu-
tion used for mending tyres is a familiar example. Cellulose
nitrates (one of which is gun-cotton) form sols in many organic
solvents, such as acetone, glacial acetic acid, amyl acetate and in
a mixture of ether and alcohol, though not.in either of them
separately. Cellulose acetate likewise forms sols in’ organic sol-
vents and is now one of the materials for the manufacture ot
artificial silk; as is another derivative of cellulose, viscose or
cellulose xanthate. It may be of interest to mention in this
connection that cellulose itself, though not dispersed either by
water alone or by any organic solvent, forms sols in various
concentrated salt solutions when digested under pressure.

The most striking and obvious characteristic of the lyophilic -
sols in organic solvents is undoubtedly their very high viscosity
at low concentrations. A sol containing 1 gm. of rubber in
100 cc. of benzene may have a viscosity s0-8¢ times as: high as
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that of the solvent, while sols of certain brands of cellulose
nitrate in-acetone at the same concentration have viscosities
many hundred times that of the solvent. For comparison it
may be worth mentioning that a 409 sugar solution has a vis-
cosity only 7-47 times as high as that of water at 15°. As there
is generally a whole series of organic solvents available for every
colloid of this class, it is possible to compare the viscosities
produced by equal concentrations in a number of them, when it
is found that they vary considerably in different liquids, a fact
the significance of which will be discussed below.

The conditions which determine the stability of sols in organic
solvents have not been studied to the same extent as those in
aqueous sols. It is however fairly certain that electric charges,
if present at all, do not play any great part, and that the prin-
cipal or only factor is solvation, 7.e. some sort of combination
with the liquid, by which a' great portion of it is held by the
particles just as water is held by the agar or starch particles. No
particles can be seen in benzene-rubber: sol, but they’ become
visible after the addition of alcohol, which w1thdraws benzene
from them as it withdraws water from agar particles.

Gels.—Reference has already been made to the products of—
reversible or irreversible—transformation of sols, to which Gra-
ham gave the name of gels. The gels of the lyophilic sols, to
which the term has now become more or less confined, are of
particular interest and- importance; one of the typical forms is
the gel of gelatin, familiar to everyone in the shape of table
jellies. These contain 5-69% of the dry substance and thus
exhibit at once the most striking characteristic of gels: that they
retain their shape and behave up to a point like solids, although
consisting very largely of liquid. ,

Gelatin gel is reversible: on warming it “melts” to sol, which on
cooling sets again to gel. If the temperature is not raised above
the melting point it can be dried without passing through the
sol state until it contains in ordinary atmospheric conditions
about 15% of water; the sheets or powder of commerce are such
dry gel. A piece of this dry gel, placed in cold water, takes it up
and swells, until the quantity taken up reaches 8-10 times its
own weight, when the process stops. In thus swelling, the gel
exerts considerable force, which can be measured by placing it
in an enclosure permeable to water, but impermeable to the gel.
An apparatus of this description (Posnjak, 1912) is shewn in
sectional elevation in fig. 2. A cylindrical glass tube is luted
at the lower end into a porous clay pot, while the upper end
is closed by a screw cap. Discs of the gel to be examined, of
exactly the same diameter as the inside of the tube, are placed
on the bottom of the porous pot, and the whole tube is then
filled with mercury, which reaches into the calibrated capillary
tube. This is connected to a pressure gauge and a steel bottle
containing compressed gas, by means of which any desired pres-
sure up to about 6 atmospheres can be put on the mercury and
through it on the gel. The lower end of the tube is placed in a
vessel containing water, which passes through the porous clay cell
to the gel, and the increase in volume of the latter can be
calculated from the displacement of the mercury column in the
capillary. In this way it has been found that gelatin; in taking
up about half its weight of water, can overcome a pressure of
about 5 atmospheres; in other words, this pressure has to be
exerted on it to prevent it from swelling further. The first
portions of water have the greatest effect, but when the gel
has taken up over twice its weight of water 1t still exerts a pres-
sure of about o-5 atmospheres.

The swelling of gelatin is very greatly affected by electrolytes;
all acids in low concentrations increase it markedly, but have the
opposite effect when an optimum concentration has been exceeded.
The effect of salts is still more complicated and cannot be briefly
summarized here.

It may be mentioned here in parenthesis that a large number
of organic tissues share with simple gels the property of swelling
in water; the swelling of wood even in moist air, that of dry
peas in water, etc. and the great forces exerted in these processes
are everyday examples. The proper water content (or degree
of swelling) of such living tissues as consist of proteins depends,

COLLOIDS

like that of gelatin, on the electrolyte content and especially on
the reaction, which healthy organisms regulate within very
narrow hmlts

As mentioned, gelatin gels containing as little as 5% of dry
substance retain their shape, while those of 10-159% are suf-
ficiently strong ‘to permit a study of their elastic properties.
Their Young’s modulus has been determined by several observers
and has been found to be of the order of grammes per sq. cm.
and roughly proportional to the square of the gelatin content.
Further investigation shews that the gel combines in a curious
way the properties of the solid and liquid- state. The volume
remains-almost exactly constant during deformation, a behaviour
caused by the low compressibility of the liquid portion; if the
deformation is maintained beyond a short time, the gel yields
and the force required to maintain a given deformation, say a
given elongation in a stretched rod, becomes less and less with
time.  Gels free from strain are, like liquids, optically isotropic,
but when strained become double refracting (see LicHT), as is
revealed by examination in polarized light. When the stress is
applied for a considerable time, and especially if the gel is dried
while stressed, the double refraction remains permanent; it is a
curious and significant fact that many structural elements of
organisms, which consist of gels or mixtures of such, always
exhibit double refraction.

A gel very similar to gelatin gel is that of agar, whlch has
received comparatively little study so far. The gelatinizing prop-
erties of agar are much more marked than those of gelatin: a
concentration of 19 is sufficient to form a fairly stiff gel. Owing
to this property and to its being tasteless, as well as difficult
to detect by chemical tests, agar has been much used for adulter-
ating jams and jellies. .

Lyophilic gels in which the liquid constituent is an organic
solvent are also numerous and interesting. Cellulose acetate and
benzyl alcohol behave, exactly like gelatin and water: the acetate
swells in the cols solvent, disperses on warming to about 40° to
form a sol, which on cooling sets to a jelly resembling gelatin
gel in appearance and elastic properties: Both natural and vul-
canized rubber swell in hydrocarbons, although' the latter does
not form sols. The volumes of liquid taken up and the pressures
generated are much greater than with gelatin: rubber, when it
has taken up about 3.5 times its weight of benzene, stlll exerts
a pressure of over 5 atmospheres. Rubber swells in a great
number of organic liquids, but to very different degrees, which
have been determined by several observers, who find that e.g.
the quantity of carbon tetrachloride or of chloroform taken up
is almost double that of benzene or toluene. Here a remarkable
parallelism with the viscosity of sols shews itself: sols of equal
concentration in carbon tetrachloride or chloroform are much
more viscous than “those in benzene. The inference is natural
that the sol particles themselves are more ‘“swollen” in the sol-
vents containing chlorin than in the simple hydrocarbons, which
would explain the higher viscosity of the sols in the former.

The gels described so far dry without the formation of any
pores or voids; at no stage will they imbibe liquids other than
those which have the specific-effect of causing swelling. No or-
ganic liquid will penetrate into dry gelatin, nor water or aqueous
solutions "into dry rubber. A different behaviour is shewn by a
number of gels, the most important representative of which is
that of silicic acid. It has already been mentioned that this gel
forms, spontaneously or on addition of electrolytes, from the
sol and that it is a transparent or translucent mass with bluish
opalescence. Unlike gelatin gel it cannot be deformed, but is
brittle. Gels containing ahout 9go% of water can be handled and
keep their shape; on drying they shrink considerably and finally
turn to a perfectly transparent mass resembling glass, but much
lighter. If the gel is placed in water during any stage of the dry-
ing process it does not take up water and swell; it is therefore
generally described as a rigid gel, in contradistinction to the type
represented by gelatin and rubber, which are known as elastic gels.

When the gel has reached the glassy stage it still contains some
water, which can be removed over concentrated sulphuric acid or
at higher temperature; in this final drying, however, the volume
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undergoes no further reduction. The gel has now become a porous
mass and the last-stage of drying merely removes water con-
tained in the pores. The existence of the pores can be easily
demonstrated by immersing the gel in a liquid: &ir bubbles escape
and the gel imbibes the liquid, of course without change of volume.
The pores can be shewn by methods which cannot be described
here to be of ultra-microscopic diameter. A gel resembling these
artificially prepared ones is found in the internodial spaces of the
bamboo; the optical properties of this substance, which is known
as tabasheer and credited with curative properties, were investi-
gated by Sir David Brewster (1819). Various forms of silica
found in nature, such as opal and agate, probably originated from
gels dehydrated under considerable pressure. Moist ‘silicic acid
gel has been found in fissures during the construction of the Simp-
lon tunnel, and in mining operations in Australia.

Gelatin gel can be transformed into a rigid gel by the action of
various agents, the most energetic/of which is formaldehyde. The
gel thus treated is quite brittle and no longer swells in water, nor
disperses when the temperature is raised.

Diffusion and Reactions in Gels.—A further property of
gels traceable to their high content of liquid is the small resistance

which they offer to the diffusion of dissolved substances. This can’

be shewn by half filling test tubes with say 5% gelatin, allowing
it to set and then pouring on the gel solutions of coloured salts or
some of the simpler dyes, like fuchsin or fluorescein; the colour
will be seen to penetrate fairly rapidly into the jelly. Graham, who
carried out the first quantitative investigations on the rate of
diffusion of a number of substances, found that it was not much
lower in dilute gels than in the pure solvent and many measure-
ments have been carried out in such, as the difficulties arising from
vibration and convection are eliminated. In more concentrated
gels, however, the rate of diffusion is markedly reduced. Colloidal
solutions, which do not pass through membranes, do not diffuse
into gels either, and the simple test described above can there-
fore be used—instead of dialysis—for deciding whether a given
solution is colloidal. If a gold or other coloured sol is placed on
the gelatin gel, no trace of colour shews in the latter even after
days.

Since dissolved substances diffuse readily into gels, it is possible
to allow reactions between two of them to proceed in such media
either by letting the two solutions diffuse into a cylinder of the

-gel from opposite directions, or else by dissolving one of the sub-

stances in the gel itself and placing an aqueous solution of the
other on it. The results are of considerable interest when one of
the products of the reaction is an insoluble precipitate: as the
solutions mix very gradually and as the first particles of precipi-
tate are held fixed by the gel, thus acting as nuclei for further
material, the conditions are favourable for the formation of large
crystals. Many substances which are precipitated from aqueous
solutions as microscopic particles only, can be obtained as large
crystals when the reaction is produced in a gel, especially that of
silicic acid; even metals can be obtained in well developed crys-
tals of several mm. e.g. as glistening tetrahedra and gold as bril-
liant hexagonal plates.

The Liesegang Phenomenon.—An extremely curious phe-
nomenon, generally called after its discoverer, R. E. Liesegang
(Frankfurt), is observed with certain reactions, The original ex-
periment is as follows: a thin layer of gelatin gel containing a
little potassium dichromate is prepared on a glass plate, and a
drop of strong silver nitrate solution placed in the centre. The
silver nitrate at once diffuses into the gel and reacts with the
dichromate, forming dark red, insoluble silver chromate and potas-
sium nitrate. Diffusion proceeds continuously and it would seem
that the precipitation of silver chromate should likewise be con-
tinuous and should lead to the formation of a gradually widening
band of precipitate round the original drop. What actually hap-
pens, however, is that the chromate appears in a number of con-
centric rings separated by clear intervals, which become wider as
the distance from the.centre increases. (Fig. 3.) Similar results
can be obtained by placing gel containing one substance in the
lower half of test tubes and pouring the solution of the other sub-
stance on it, in which case parallel strata of precipitate are formed
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at increasing distances from each other. Fig. 4 shews diagram-
matically the position of strata of magnesium hydroxide produced
by letting a solution of ammonia diffuse into a gelatin gel contain-
ing magnesium chloride; the spaces between the strata are per-
fectly clear.

Many other reactions have been found, in carefully adjusted
concentrations, to give similar stratiﬁcations and investigation
has also shewn that the gel does not take a passive part only, by
securing quiet diffusion and fixing the precipitate where it is
formed, but has a specific effect. Thus lead iodide and lead chro-
mate form beautiful stratifications in agar, but not in gelatin,
while on'the other hand silver chromate forms them in gelatin, but
not in agar.

Various interesting theories have been propounded to explain
the phenomenon, none of which has found general acceptance or
covers all the facts; in particular, most of them fail to explain the
very marked spec1ﬁc effect of the gel.

Syneresis.—All gels at certain concentrations, specific for each
substance, shew a characteristic phenomenon: they spontaneously
contract With exudation of liquid. Graham, who first described
this behaviour, called it syneresis (from the same Greek root as
heresy, a separation or splitting off). Silicic acid shows it ‘at high
concentrations; sols can be prepared which set within a-minute to
gels apparently dry on the surface and adhering to the vessel.
After about ten minutes the surface is covered with minute drops
of liquid and in an hour so much liquid has exuded between the
walls of the vessel and the gel that the latter can be tipped out.
Gelatin and agar, on the other hand, exhibit syneresis at low con-
centrations only; so do some gels with organic solvents, like that
of vulcanized india rubber, which contracts to %o of its volume in
a few days.. The syneretic liquid is not pure solvent but always
contains some colloid.

The Sol-Gel Transformation.—The formation of a gel, with
some of the properties of a solid, from a sol which may contain
as little as 0-59% of dry matter (agar) is an extremely striking
change, which has very naturally been the subject of much specu-
lation. Most gels are not differentiated in the ultra-microscope,
so that theory has to rely on inferences from their known proper-
ties. The most generally received opinion is that the particles
somehow join up to form chains and a network, or “ramifying
aggregates,” ‘which some investigators (McBain) assume to be, to
some extent, present already in the sol and to account for its
viscosity. ‘It is also probable that such a linking-up is accom-
panied by some change in the hydration of the particles. In any
case, there must almost certainly be continuous liquid paths
through a gel, to account for the ease with which diffusion pro-
ceeds through it.

Colloids in Nature and the Arts.—This necessarily brief
account of the chief properties of a few typical colloids would be
incomplete without a few words on the part played by colloids in
nature and in the arts. Their importance in nature it is impossible
to exaggerate: all organisms consist very largely of colloidal ma-
terial, or more precisely of complicated mixtures and intricate
structures composed of such. While the simple sols and gels of
the laboratory are but the crudest models of even the simplest
organic structures, the knowledge gained from their study -is
providing, if not a solution, new and promising methods of .attack
on problems which-have proved intractable by the methods of
physical chemistry. The selective permeability of cell membranes,
e.g. to different ions is one of these probléms, which any theory
of solutions fails to explain, but for which known properties of
colloidal systems provide at least a parallel.

As regards the arts, many of the oldest, like bread making,
tanning, ceramics or dyeing, employ typically colloidal material
and have empirically attained a high degree of perfection. In
these the part of science is to find rational explanations of meth-
ods discovered by accident and improved by trial and error, and
colloid science is playing this part successfully. The study- of
gelatin has thrown a great deal of light on obscure features of
the tanning process; a study of the electric -charges on dye parti-
cles and fibres has elucidated methods of dyeing, and so on. The
industries just mentioned are of prehistoric origin, but even the
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_ processes which go on in so modern and astonishingly perfect a
product as the photographic dry plate remained very obscure until
the behaviour of colloidal silver and silver compounds embedded
in a gel received systematic investigation.

More recent industries, the rise of which has coincided with the
modern development of colloid chemistry, like the artificial silk
and the rubber industry, have benefited much more directly.
Some of the most important new developments, especially in the
manufacture of rubber goods, are direct applications of theoretical
knowledge. It may be mentioned that a recently published work
dealing with colloids in the arts runs to over a thousand pages.

Bisriocrarry.—Introductions and short textbooks. H. Freundlich,
The Elements of Colloidal Chemistry (London, Methuen & Co. Ltd,,
1926) ; E. Hatschek, An Introduction to the Physics and Chemistry of
Colloids (London, J. & A. Churchill, 5th ed., 1925) ; J. Duclaux, Les
Colloides (Paris, Gauthier-Villars & Cie., 3rd ed., 1925) ; H. R. Kruyt,
Colloids: a Textbook (London, Chapman & Hall, 192%).

Textbooks and Handbooks. H. Freundlich, Kapillarchemie (Leipzig,
Akademische Verlags-Gesellschaft, 3rd ed., 1922; English translation,
London, Methuen & Co. Ltd.) ; R. Zsigmondy, Kolloidchemie (Leipzig,
Otto Spamer, 3rd ed., 1920) ; English translation: London, Chapman &
Hall, 191%7) ; Wolfgang Ostwald, Grundriss der Kolloidchemie (Dresden,
Theodor Steinkopff, 7th ed., 1923); Jerome Alexander (Editor),
Colloid Chemistry, Theoretical & Applied, by selected international
contributors (New York, Chemical Catalog Co. 1926).

Colloids in the Arts. R. E. Liesegang, Kolloidchemische Technologie
(Dresden, Theodor Steinkopff, 1926).

Journals. Two monthly journals are devoted exclusively to Colloids:
Kolloid-Zeitschrift (Dresden, Theodor Steinkopff) and Revue Generale
des Colloides (Paris, Dunod). (E.H.)

COLLOT D’HERBOIS, JEAN MARIE (1750-1796),
French revolutionist, was a Parisian by birth and an actor by
profession. He became director of the playhouse at Geneva. By
the publication of L’Almanach du Pére Gérard (1791), a little
book setting forth, in homely style, the advantages of a constitu-
tional monarchy, he suddenly acquired fame. He intervened on
behalf of the Swiss of the Chiteau-Vieux regiment, condemned
to the galleys for mutiny at Nancy, and secured their liberation.
He was a member of the Commune of Paris on Aug. 10, 1792, and
was elected deputy for Paris to the convention, where he was
the first to demand the abolition of royalty (on Sept. 21, 1792),
and he voted the death of Louis XVI. “sans sursis.” After the
coup d’état of May 31, 1793, he made himself conspicuous by his
pitiless pursuit of the defeated Girondins. In June he was made
president of the convention; and in September became a member
of the committee of public safety. The convention sent him, on
Oct. 30, 1793, to suppress the revolt of Lyons. There he introduced
the Terror in its most terrible form.

In May 1794 an attempt was made to assassinate Collot; but it
only increased his popularity, and this won him the hatred of
Robespierre, against whom he took sides on the gth Thermidor,
when he presided over the convention during a part of the session.
During the Thermidorian reaction he was one of the first to be
accused of complicity with the fallen leader but was acquitted.
Denounced a second time, he defended himself by pleading that
he had acted for the cause of the Revolution but was condemned
to transportation to Cayenne (March 1795), where he died on
Jan. 8, 1796. Collot d’Herbois wrote and adapted from the Eng-
lish and Spanish many plays, one of which, Le Paysan magistrat,
kept the stage for several years.

See. F. A. Aulard, Les Orateurs de la Législative et de la Con-
vention, t. ii pp. so1-512 (1885-86). The principal documents relative
to the trial of Collot d’Herbois, Barére, and Billaud-Varenne are
indicated in Aulard, Recueil des actes du comité de salut public,
t. i pp. 5 and 6.

COLLOTYPE. A photomechanical printing process for re-
producing illustration copy with fine detail, practical only for
runs of limited quantity. It is a planographic process, derived
from the application of photography to lithographic printing. It
was first developed on a practical scale in France, about 1863,
by T. du Motay and C. R. Maréchal. The first collotype printing in
the U.S. was done by Ernest Edwards in Boston in 1872.

Collotype differs from other reproductive processes in that the
image is not broken up by any form of screen. From the original
copy is made a continuous tone photographic negative with the
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image reversed by a prism. From the negatives are made blue-
print proofs, which are pasted up to show their position on the
sheet. Printing areas are cut out of a mask of opaque paper and
the negatives mounted on this mask in position.

The printing plate for flatbed printing is a sheet of plate glass
about 4 in. thick, which is first coated with a substratum solution
with a high affinity for glass. The plates are dried in an oven,
levelled and preheated to the temperature of the sensitized coat-
ing solution. This latter, made up of gelatin, water and a bi-
chromate sensitizer, is flowed onto the plate and drawn across
the surface. The plate is then subjected to higher heat in the
oven, until all moisture is driven off. As the coating dries it
becomes sensitive to light. The assembled masked negatives are
then printed down on the plate. Light coming through the nega-
tives reduces the capacity of the gelatin film to absorb moisture.
After exposure to light, the plate is washed to remove the re-
maining sensitizing agent, the surface hardened with an alum
solution, and then soaked in a water and glycerine solution. The
gelatin film absorbs this solution selectively in proportion to the
exposure, which causes the plate to accept or reject printing ink
in proportion to the amount of solution absorbed. The plate is
clamped to the bed of a flatbed press, similar to a stone litho-
graphic press. The inking rollers which pass first over the plate,
applying a stiff, greasy ink, are of leather with the flesh side out.
Composition rollers follow to smooth out the image.

As sheets come off the press, they are slipsheeted, because of
the heavy film of an ink which dries slowly. The speed of flatbed
collotype printing is slow, about 200 impressions per hour. An
average day’s product on a press will not much exceed 1,000
sheets. The cost of platemaking, however, is low, making the
process economiical for relatively short funs of fine illustrations.
For greater production metal sheets can be coated with the gela-
tin emulsion and printed on a direct rotary or offset press.

Fine colour printing by the collotype process has been done
in England and Austria. Excellent single-colour full-tone repro-
ductions are made in the U. S. Other names by which the process
is known are albertype, autotype, phototype, heliotype, Licht-
druck, photocollotype, photogelatin, or simply gelatin printing.

(D. C. McM.)

COLLUSION. In judicial proceedings, and particularly
in matrimonial causes (see DIvoRCE), collusion is a deceitful
agreement between two or more persons, or between one of them
and a third party, to bring an action against the other and
obtain a judicial remedy which would not otherwise have been
obtainable.

COLMAN, SAINT (d. 676), bishop of Lindisfarne (661),
was an Irish monk at Iona. He attended the synod of Whitby
in 664, when the dispute between the Roman and the Celtic
parties on the date of Easter was considered. He upheld the
Celtic usages, but King Oswy decided against him. After this
event Colman returned to Iona; and then with many of the
Columban clergy went to Ireland. He settled on Inishbofin, where
he built a monastery and where he died on Aug. 8, 676.

Colman must be distinguished from St. Colman of Cloyne
(¢c. 522-600), an Irish saint, who became a Christian about 570;
and also from. another Irishman, St. Colman Ela (553-610), a
kinsman of St. Columba.

COLMAN, GEORGE (1732-1794), English dramatist and
essayist, usually called “the Elder,” and sometimes “George the
First,” to distinguish him from his son, was born in 1732 at
Florence, where his father was resident at the court of the grand
duke of Tuscany. Colman’s father died within a year of his
son’s birth, and the boy’s: education was undertaken by William
Pulteney, afterwards Lord Bath, whose wife was Mrs. Colman’s
sister. He was sent to Westminster school and then to Christ
Church, Oxford. Here he made the acquaintance of Bonnell
Thornton, the parodist, and founded T/e Connoisseur (1754—56),
a periodical which reached its 14oth number. He left Oxford in'
1755 and.was called to the bar at Lincoln’s Inn in 1757.

In 1760 he produced his first play, Polly Honeycomb, which
mocked at the sentimentalities of the popular novel. In 1761
The Jealous Wife, a comedy partly founded on Tom Jones, made
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Colman famous. The Jealous Wife is one of the earliest instances
of the successful dramatisation of a novelist’s material, and is
genuine comedy. The death of Lord Bath in 1764 placed Colman
in possession of independent means. In 1765 appeared his metrical
translation of the plays of Terence, and in 1766 he produced The
Clandestine Marriage, jointly with Garrick. In the next year he
purchased a fourth share in the Covent Garden theatre. Colman
was acting manager of Covent Garden for seven years, and during
that period he produced many pieces of his own and several
“adapted” plays of Shakespeare. In 1774 he sold his share in the
playhouse, which had involved him in much litigation with his
partners, to Leake; and three years later he purchased of Samuel
Foote, then broken in health and spirits, the little theatre in the
Haymarket. He was attacked with paralysis in 1785; in 1789
his brain became affected, and he died on Aug. 14, 1794. Besides
the works already cited, Colman was author of adaptations of

. Beaumont and Fletcher’s Bonduca, Ben Jonson’s Epicoene, Mil-

ton’s Comus, and of other plays. He also produced an edition
of the works of Beaumont and Fletcher (1778), a version of the
Ars Poética of Horace, an excellent translation from the Mercator
of Plautus for Bonnell Thornton’s edition (1769~72), some thirty
plays, many parodies and occasional pieces. An incomplete
edition of his™ dramatic works was published in 1777 in four
volumes.

COLMAN, GEORGE (1762-1836), “the Younger,” son of
the above, was born on Oct. 21, 1762. He passed from West-
minster school to Christ Church, Oxford, and King’s college,
Aberdeen, and was finally entered as a student at Lincoln’s Inn,
London. In 1782 he produced, at his father’s playhouse in the
Haymarket, his first play, The Female Dramatist, for which
Smollett’s Roderick Random supplied the material. It was
unanimously condemned, but Two to One (1784) was entirely
successful. - It was followed by Turk and no Turk (1783), a
musical comedy; Inkle and Yarico (1787), an opera; Ways and
Means (1788); The Iron Chest (1796), taken from William
Godwin’s Adventures of Caleb Williams; The Poor Gentleman
(1802) ; John Bull, or an Englishman’s Fireside (1803), his most
successful piece; The Heir at Law (1808), which enriched the
stage with one immortal character, “Dr. Pangloss,” and numerous
other pieces, many of them adapted from the French.

The failing health of the elder Colman obliged him to relinquish
the management of the Haymarket theatre in 1789, when' the
younger George succeeded him, at a yearly salary of £600. On
the death of his father, he was involved in litigation with Thomas
Harris, and was forced to take sanctuary within the Rules of the
King’s Bench. Here he resided for many years continuing to direct
the- affairs of his theatre. Released at last through the kindness
of George IV., who had appointed him exon of the Yeomen of the
Guard, he was made examiner of plays by the duke of Montrose
then lord chamberlain.

Colman died in Brompton, London, on Oct. 17, 1836. He had,
as early as 1784, contracted a runaway marriage with an actress,
Clara Morris, to whose brother, David Morris, he eventually
disposed of his share in the Haymarket theatre. Many of the
leading parts in his plays were written especially for Mrs. Gibbs
(née Logan), whom he was said to have married secretly after
the death of his first wife.

See the second George Colman’s memoirs of his early life, entitled
Random Records (1830) and R. B. Peake, Memoirs of the Colman
Family (1842).

COLMAN, SAMUEL (1832-1920), American landscape
painter, was born at Portland (Me.), March 4, 1832. He was a
pupil of Ashur B. Durand in New York, and in 1860-62 studied
in Spain, Italy, France, and England. In 1871~76 he was again
in Europe. In 1860, with James D. Smilie, he founded the
American Water Colour Society, and became its first president
(1866-67), his own water-colour paintings being particularly fine.
He was elected a member of the National Academy of Design in
1862. . Among his works are “The Ships of the Western Plains,”
in the Union League Club, New York; and “The Spanish Peaks,
Colorado,” in the Metropolitan Museum, New York. He died in
New York city, March 27, 19zo0.
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COLMAR, a town of France, capital of the depa.rtment of
Haut-Rhin, on the Logelbach and Lauch, tributaries of the IlI,
40 m. S.S W of Strasbourg on the main railway to Basle. Pop-
ulation (1936) 49,041.

Colmar (probably the columbarium of the Romans) is ﬁrst
mentioned, as a royal villa, in a charter of 823. It was raised to
the status of a town and surrounded with walls by Wolfelin,
advocate (Landuogt) of the emperor Frederick II in Alsace. In
1226 it became an imperial city, and the civic rights (Stadtrecht)
conferred on it in 1274 by Rudolph of Habsburg became the
model for those of many other cities. A long struggle between
democratic gilds and aristocratic “families” ended in 1347 in the
inclusion of the former in the governing body, and in the 17th
century in the complete exclusion of the latter. In 1255 Colmar
joined the league of Rhenish cities, and in 1476 and 1477 took a
vigorous share in the struggle against Charles the Bold. It suf-
fered in the wars of the 17th century, was formally annexed to
France in 1681, and to Germany in 1871, and again became a
part of France in 1919.

The Roman Catholic parish church (Miinster) of St. Martin
dates from the 13th and 14th centuries. Other notable buildings
are the Lutheran parish church (i5th century); the former
Dominican monastery (1232-1289), known as “Unterlinden” and
now used as a museum; the Kaufhaus (trade-hall) of the 15th
century. Colmar is the centre of considerable textile industries,
comprising wool, cotton and silk-weaving, and has important man-
ufactures of sewing thread, starch, sugar and machinery. Bleach-
ing and brewing are also carried on, and the neighbourhood is rich
in vineyards and fruit-gardens.

COLNE, a municipal borough in north-east Lancashire, Eng-
land, 34% mi. northeast from Manchester by the L.M.S.R.
Pop. (1938) 21,960. Area, 9.3 sqmi. It stands above a small
affluent of the river Calder. Nelson and Colne are towns along a
crossway between the Aire valley at Skipton and the Calder
valley at Burnley followed by the Leeds and Liverpool canal.
Roman coins have been found on the site. As early as the 14th
century it was the seat of woollen manufacture. The church of
St. Bartholomew retains some Norman work. There is a cloth
hall or piece hall, originally used as an exchange when woollens
were the staple of the town. The grammar school dates from
Reformation times. Textile workers and weavers form a con-
siderable proportion of the population. In the neighbourhood
are several limestone and slate quarries. The town was incorpo-
rated in 1895 and is in the Nelson and Colne Parliamentary
Borough.

COLOCYNTH, COLOQUINTIDA or BITTER AP-
PLE, Citrullus colocynthis, a plant of the family Cucurbitaceae.
The flowers are unisexual; the male blossoms have five stamens
with sinuous anthers, the female have reniform stigmas, and an
ovary with three large fleshy placentas. The fruit is round, and
about the size of an orange; it has a thick yellowish rind, and a
light, spongy and very bitter pulp, which yields the colocynth of
druggists. The seeds, which number from 200 to 300, and are dis-
posed in vertical rows on the. three parietal placentas of the
fruit, are flat and ovoid and dark-brown; they are used as food
by some of the tribes of the Sahara, and a coarse oil is expressed:
from them. The foliage resembles that of the cucumber, and the
root is perennial. The plant has a wide range, being found in
Ceylon, India, Iran, Arabia, Syria, north‘ Africa, the Grecian
Archipelago, the Cape Verde islands and the southeast of Spain.

The commercial colocynth consists of the peeled and dried
fruits. In the preparation of the drug the seeds are always re-
moved from the pulp. Its active principle is an intensely bitter
amorphous or crystalline glucoside, colocynthin, CssHssOqs, soluble
in water, ether and alcohol, and decomposable by acids.

COLOGNE (Ger. Koln), a fortified town, archiepiscopal see
and third city of the German Reich, in the Prussian Rhine
province. Pop. (1939), 768,426. It lies in the form of a vast
semicircle on the left bank of the Rhine, 44 m. by rail north-east
from Aachen, 24 south-east from Diisseldorf and 57 north-north-
west from Coblenz

Its situation (1) as an 1mportant port on the Rhine (2) at the
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Rhine crossing of the great natural highway from.Paris via the
valleys: of the Oise, Sambre and Meuse along the north-western
margin of the Ardennes and (3) at the emergence of roads along
the Rhine from the incised section of that river has made it one
of the chief cities in western Europe. The value of the site on the
Rhine frontier was realized by the Romans and very little altera-
tion in the town plan had taken place by the days of Archbishop
Hildebold in the gth century. The city was still contained within
the rectangle formed by its Roman walls. Trading facilities during
the r1th century caused a great increase in the size of the town
and early in the 12th century the suburbs of Oversburg, Niederich
and St. Aposteln were included. These were later enclosed by a
rampart, fortified by walls and gates, some of which survived until
the 1gth century. Within the crescent formed by these fortifi-
cations flourished the mediaeval city—a capital of a third of the
Hanseatic league. This mediaeval section of the city still has its
tortuous, narrow and dark streets. The long Hohe-Strasse of this
section is the city’s chief business centre. The mediaeval walls and
ditches were dismantled between 1881 and 1885, and the site of
the old fortifications, bought from the government by the munici-
pality, were converted into a fine boulevard, the Ring, nearly 4
m. long.

Beyond the Ring, about ¥ m. farther out, a new line of fortifi-
cations was built and 1,000 acres, now occupied by handsome
streets, squares and two. public parks, were thus added concen-
trically to the inner town. Still later extensions have been in the
form of “spurs” forming suburbs projecting as it were from the
central core. Among the most important suburbs are Bayenthal,
Lindenthal, Ehrenfeld, Nippes, Siilz, Bickendorf, Merheim, Niehl,
and those on the opposite bank 'of the Rhine. Cologne is connected
with Deutz by bridges. Mulheim, Meiheim and Worringen were
incorporated in the city in 1914. Of the former city gates four
have been retained, restored and converted into museums: the
Severin gate, on the south, contains the geological section of the
natural history museum; the Hahnen gate, on the west, is fitted
as the historical and antiquarian museum of the city; and the
Eigelstein gate, on the north, accommodates the zoological section
of the natural history museum.

The most important squares are the Domhof, the Heumarkt,
Neumarkt, Alte Markt and Waidmarkt in the old inner, and the
Hansa-platz in the new inner town.

The Cathedral and Other Churches.—The cathedral or
Dom stands on the site of a church begun in the gth century by
Hildebold, metropolitan of Cologne, and finished under Willibert
in 873. This structure was ruined by the Normans, was rebuilt,
but destroyed in 1248 by fire. The foundation of the present
cathedral was then laid by Conrad of Hochstaden (archbishop
from 1238 to 1261). The original plan has been attributed to
Gerhard von Rile (d. ¢. 1295). In'1322 the new choir was conse-
crated. After Conrad’s death the work of building advanced
but slowly, and in the 1gth century the building was finally fin-
ished. It contains the shrine of the Magi. The oldest church in
the city is St. Maria im Kapitol, situated within the Roman
nucleus. It was dedicated in 1049 by Pope Leo IX., though a
church built on'the old Roman foundation was in existence as early
as 696. It is Romanesque in style and is noted for its crypt. A
ring of churches surrounded the Roman section of the city, among
them are St. Gereon, St. Ursula, St. Severin and St. Kunibert. St.
Gereon’s was built in the 11th century and shows Romanesque and
Gothic features. It was erected on a Roman rotunda and has a
square front hall.- The crypt has fine mosaics in stone dating from
the 11th century. The church has some fine painted glass. -St.
Kunibert is in the Byzantine-Moorish style, completed in 1248.
There are also the church of St. Peter with the famous altar-piece
of Rubens; St. Martin’s built between the 12th and 13th centuries;
the Minorite church built in the same year as the cathedral was
begun with the tomb of Duns Scotus; St. Pantaleon, a 13th cen-
tury structure; St. Cecilia’s; the church of the Apostles and that
of St. Andrew (1220 and 1414) with the tomb of Albertus Magnus.

Historic Buildings.—The Giirzenich, Rathaus, Tempelhaus
and other buildings tell of the rise of the great merchant classes
and of their struggle for power against the church and the nobility.

COLOGNE

The Giirzenich was a former meeting-place of the diets of the
Holy Roman empire and built between 1441 and 1447. The
ground floor was in 1875 converted into a stock exchange, and
the upper hall utilized for public festivities. The Rathaus (13th
century) has beautiful Gobelin tapestries. The Tempelhaus, the
seat of the patrician family of Overstolzens, is a building of the
13th century, now the chamber of commerce. There is also the
Wallraf-Richartz museum, with a collection of paintings by Italian
and Dutch masters; the Zeughaus, built on Roman foundations;
and the municipal library and archives. The Wolkenburg, a Gothic
house of the 1sth century, was restored in 1874. Near the
cathedral is a museum of church antiquities. Cologne has numer-
ous educational institutions. The municipal theatre (Stadttheater)
is famed for its operatic productions. Many of Cologne’s famous
buildings were destroyed by British bombs in the great raid of May
30, 1942, and subsequent attacks. The British announced in June
1942, however, that the cathedral had escaped serious damage.

Commercially, Cologne is the retail town for the industrial
cities of Rhineland and Westphalia, and has a very important trade
in corn, wine, mineral ores, coals, drugs, dyes, manufactured wares,
groceries, leather and hides, timber, porcelain and many other
commodities. The docks are to the south of the city. Cologne
manufactures sugar, chocolate, tobacco and cigars; the most
famous product is the perfume known as eau de Cologne (g.v.)
(Kilnisches Wasser, i.e., Cologne-water).

HISTORY

Cologne occupies the site of Oppidum Ubiorum, the chief
town of the Ubii, and here in AD. 50 a Roman colony,
Colonia, was planted by the emperor Claudius, at the request
of his wife Agrippina, who was born in the place. After her it
was named Colonia Agrippina or Agrippinensis. Cologne rose
to be the chief town of Germania Secunda and had the privilege
of the Jus Italicum. About 330 the city was taken by the Franks
but was not permanently occupied by them till the 5th century,
becoming in 475 the residence of the Frankish king Childeric.
Counts of Cologne are mentioned in the gth century.

The succession of bishops in Cologne is traceable, except for
a gap covering the sth century, from A.p. 313, when the see was
founded. It was made the metropolitan see for the bishoprics
of the Lower Rhine and part of Westphalia by Charlemagne, the
first archbishop being Hildebold, who occupied the see from 785
to his death in 819. Of his successors one of the most illustrious
was Bruno (g.v.), archbishop from 953 to 965, who was the first
of the archbishops to exercise temporal jurisdiction, and was also
“archduke” of Lorraine. The territorial power of the archbishops
was already great when, in 1180, on the partition of the Saxon
duchy, the duchy of Westphalia was assigned to them. In the
11th century they became ex-officio arch-chancellors of Italy (see
ARCHCHANCELLOR), and by the Golden Bull of 1356 they were
finally created electors of the empire. With Cologne itself, a
free imperial city, the archbishop-electors were at perpetual feud;
in 1262 the archiepiscopal see was transferred to Briihl and in
1273 to Bonn; and the quarrel was not finally adjusted until 1671.
The archbishopric was secularized in 1801, all its territories on
the left bank of the Rhine being annexed to France; in 1803
those on the right bank were divided up among various German
states, and in 1815, by the congress of Vienna, the whole was
assigned to Prussia. The last archbishop-elector, Maximilian of
Austria, died in 1801.

The municipal history of Cologne follows in general the same
lines as that of other cities of Lower Germany and the Nether-
lands. At first the bishop ruled through his burgrave, advocate,
and nominated jurats. Then, as the trading classes grew in wealth,
his jurisdiction began to be disputed. Peculiar to Cologne, how-
ever, was the Richergzeche (rigirzegheide), a corporation of all
the wealthy patricians, which gradually absorbed in its hands the
direction of the city’s government. In the r3th century the arch-
bishops made repeated efforts to reassert their authority, and in
1259 Archbishop Conrad of Hochstaden, by appealing to the
democratic element of the population, succeeded in overthrowing
the Richerzeche and driving its members into exile. His succes-
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GENERAL VIEWS OF THE CITY OF COLOGNE

1. Gurzenich street, running along the south side of the Gurzenich (a 4. General view of centre of old city, showing the station, cathedral
mediaeval building used for municipal celebrations). This thorough- towers and, in the distance, the Rhine, with the Hohenzollern and
fare, built in 1914, starts from the suspension bridge and intersects suspension bridges

the old town east anfi.west: Muph of Cologne was destroyed during . A street in the old town, showing the City Hall in the distance. The
Veorld War Il by British air raids old town Is situated in a broad semicircle on the Rhine within the

2. The cathedral or Dom, considered the finest example of decorated new town. Some of its streets date from the 13th and 14th centuries
Gothic in Germany, situated 60 ft. above the Rhine, near the
Hohenzollern bridge, in the oldest part of the city. Its towers, 515
ft. high, are a distinguishing feature of Cologne and may be seen
from a great distance

3. The City Hall, standing on the site of the old Roman walls. The . Barbarossa p_lace, an open square in the new city, sl_ww.ing the Hohgn-
central portion, with the five-storied tower, dates from the 14th stauffer Ring, one of the broad new boulevards encircling the old city

century; the ornate portico in the Renaissance style was built in . A street along the Rhine, showing the Romanesque church of S. Martin
1569. The carillon was added in 1913 and the suspension bridge, which crosses the river here to Deutz
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. The suspension bridge opposite the Heymarkt, built in 1913-15 from
plans of K. Moritz, to replace the old pontoon bridge. Its central
opening has a span of 605 feet
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 War; L. Korth, Kiln im Mittelalter (Cologne, 18¢0) ; K. Hegel, Stidte

sor, Engelbert IL, however, attempted to overthrow the demo-
cratic constitution, with the result that in 1262 the brotherhoods
combined with the patricians against the archbishop, and the
Richerzeche returned to share its authority with the elected “great
council.” As yet, however, none of the trade or craft gilds, as
such, had a share in the government, which continued in the
hands of the patrician families, until long after the battle of
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BY COURTSY OF THE REICHSZENTRALE FUR DEUTSCHE VEREHRSWERBUNG

. .. COLOGNE CATHEDRAL
This, the largest Gothic cathedral in northern Europe, begun in the 13th
century, was not completed until the 19th century. The towers were com-.
pleted in 1880, five and one-half centuries after the choir was consecrated

Worringen (1288) had secured for the city full self-government,
and the archbishops had ceased to reside within its walls. In the
14th’ century a narrow patrician council selected from the Richer-
zeche, with two burgomasters, was supreme; but in 1396, the
rule of the patricians having been weakened by internal dis-
sensions, a bloodless revolution established a comparatively dem-
ocratic constitution, based on the ojganization of the trade and
craft gilds, which lasted until the French Revolution.

The expulsion of the Jews in 1414, and still more the exclusion
of Protestants from the citizenship and magistracy, deeply affected
the prosperity of Cologne. New trade routes, the decay of the
gilds and many prolonged periods of warfare further contributed
to its decay; and when, in ‘1794, Cologné was occupied by the
French it was a poor city of some 40,000 inhabitants, of whom
only 6,000 possessed civic rights. Incorporated in France in
1801 it ‘was not then important enough to be more than the
chief town of an arrondissement. On the death of the last elector
in 1801 the archiepiscopal see was left vacant. ‘With the assign-
‘ment of the city to Prussia by the congress of Vienna in 1815 a
new era of prosperity began. Cologne university, indeed, was
definitively established at Bonn, but the archbishopric was re-
stored (1821) as part of the new ecclesiastical organization of
Prussia, and the city became the seat of the president of a gov-
ernmental district. :

Its prosperity rapidly increased ; when railways were introduced
it became the meeting-place of several lines, and.in 1881 its
growth necessitated the pushing -outward of the circle of fortifica-
tions. ' '

Cologne, together with a bridge head of 18 sq.m., was occupied
in Dec. 1918 by the Allies under the terms-of the Armistice. It
was made the head-quarters of the British army of occupation
and ‘was not evacuated until Jan. 30, 1926.

During World War II Cologne was bombed by the British re-
peatedly and very heavily. One of the most catastrophic raids
was on the night of May 30, 1942, when 1,130 planes dropped
full loads of explosive and incendiary bombs in go minutes. Six
great city -areas, totalling about 5,000 acres and including the
central part of the city and railway station but not the cathedral,
were destroyed or severely damaged-in this single raid.

BisriocrAPEY.—L. Ennen, Gesch. der Stadt Kiln (Cologne, 1863~

80) to 1648, and Frankreich und der Niederrhein (ib., 1835, 1856), a
history of the city and electorate of Cologne since the Thirty Years’
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und_Gilden der germanischen Vilker im Mittelalter (Leipzig, 1891);
R. Schultze and C. Steuernagel, Colonia Agrippinensis (Bonn, 1895) ;
F. Lau, Entwickelung der Eommunalen Verfassung der Stadt Kéln
bis zum Jahre 1306 (Bonn, 1898) ; K. Heldmann, Der Kilngau und
die Civitas Koln (Halle, 1900) ; W. Behnke, Adus Kolns Franzosenzeit
(Cologne, 1g01) ; Helmken; Koln und seine Sehenswiirdigkeiten (20th
ed., Cologne, 1903) ; H. Keussen, Historische Topographie der Stadt
Koln im Mittelalter (Bonn, 1906). For sources see L. Ennen and G.
Eckertz, Quellen zur Geschichie der Stadt Koln (1860~79) ; U. Cheva-
lier, Répertoire des sources hist. Topo-bibliographie (Montbéliard,
1894-99), -s.v. Cologne, which gives a full bibliography; Dahlmann-
Waitz, Quellenkunde. (Leipzig, 1906), p. 17, Nos. 252, 253. For the’
archdiocese and electorate of Cologne see Binterim and Mooren, Die
Erzdivzese Koln bis zur franzisischen Staatsumwilzung, new ed. by
A. Mooren (Dusseldorf, 1892, 1893).

COLOMEB, PHILIP HOWARD (1831-1899), " British
vice-admiral, historian, critic and inventor, the son of Gen. G. T.
Colomb, was born in Scotland, on May 29, 1831. He entered the
navy in 1846, and served first at sea off Portugal in 1847; after-
wards, in 1848, in the Mediterranean, and from 1848 to 1851
in operations against piracy in Chinese waters; during the Bur-
mese War of 1852—-53; in the Arctic Expedition of 1854; and in
the Baltic during the Russian War, taking part in the attack on
Sveaborg. From 1859 to 1863 he served as flag-lieutenant to
Rear-Admiral Sir Thomas Pasley at Devonport. Between 1858
and 1868 he was employed in home waters on a variety of spe-
cial services, chiefly connected with gunnery, signalling and the

‘tactical characteristics and ‘capacities of steam warships. From

1868 to 1870 he commanded the “Dryad,” and was engaged in
the suppression of the slave trade. In 1874, while captain of
the “Audacious” he served. for thrée years as flag-captain to
Vice-Admiral Ryder in China; and finally he was appointed,
in 1880, to command the “Thunderer” in the Mediterranean.
Next year he was appointed captain of the steam reserve at
Portsmouth; and after serving three years in that capacity, he re-
mained at Portsmouth as flag-captain to the commander-in-chief
until 1886, when he was retired by superannuation before he had
attained flag rank. Subsequently he became rear-admiral, and
finally vice-admiral on the retired list.

- Colomb was one of the first sailors to perceive the vast changes
which must ensue from the introduction of steam into the navy,
which would necessitate a new system of signals and a new method
of tactics. He set himself to devise the former as far back as
1858, but his system of signals was not adopted by the navy until
1867. ‘ o ‘ ‘

What he had done for signals Colomb next did for tactics.
Having first determined by experiment—for which he was given
special facilities by the Admiralty—what ‘are the manoeuvring
powers of ships propelled by steam under varying conditions of
speed and helm, he proceeded to devise a system of tactics based
on these data. In the sequel he prepared a new evolutionary signal-
book, which was adopted by the British navy. His conclusions on
the chief causes of collisions at sea, though stoutly. combated in
many quarters at the outset, were ultimately embodied in the in-
ternational code of regulations adopted by the leading maritime
nations on the recommendations of a conference at Washington
in 1889. '

Colomb helped to initiate an equally momentous change in
the popular, and even the professional, way of regarding sea-power
and its conditions in his book on Naval Warfare (1891). The
central idea of his teaching was that naval supremacy is the
condition precedent of all vigorous military offensive across the
sea, and, conversely, that no vigorous military offensive can be
undertaken across the seas until the naval force of the enemy has
been accounted for—either destroyed or defeated and compelled
to withdraw to the shelter of its own ports, or at least driven
from the seas by the menace of a force it dare not encounter in
the open. He worked ‘quite independently of Admiral Mahan, and
his chief conclusions were published before Admiral Mahan’s
works appeared.

He died on Oct. 13, 1899, at Steeple Court, Botley, Hants.

His younger brother, Sir Joun Coroms (1838-1909), entered
the Royal Marines in 18354, and retired in 1869. His books on
Colonial Defence and Colonial Opinions (1873), The Defence of
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Great and Greater Britain ( 1879), Naval Intelligence and the
Protection of Commerce (1881), The Use and the Application of
Marine Forces (1883), Imperial Federation: Naval and Military
(1887), followed later by other similar works, made him well
known among the rising school of Imperialists, and he was re-
turned to parliament (1886—92) as Conservative member for
Bow, and afterwards (1895—1906) for Great Yarmouth. In 1887
he was created C.M.G., and in 1888 K.C.M.G. He died in London
on May 27, 1909. In Kerry, Ireland, he was a large landowner,
and became a member of the Irish Pr1vy Council (1903), and in
1906 sat on the royal commission dealing with congested areas.

See H. d'Egville, Imperial Defence and Closer Union: record of the
life-work of Colomb (1913).

COLOMBES, a town of France, in the department of Seine,
arrondissement of St. Denis, 7 mi. NNW of Paris. Pop. (1936)
61,944. It has a 16th-century church with 1z2th-century tower,
a race-course, and numerous villas and boarding-schools. Manu-
factures include oil, vinegar and measuring~instruments

COLOMBEY, a village of Lorraine, 4 mi. E. of Metz, fa-
mous as the scene of a battle between the Germans and the
French, fought on Aug. 14, 1870 It is often called the battle of
Borny, from another village 2% mi. E. of Metz. (See METZ and
FrANCO-GERMAN WAR.)

COLOMBIA is a republic occupying the north-western angle
of South America. It is bounded on the north by the Caribbean
sea and Venezuela, on the east by Venezuela and Brazl, on
the south by Brazil, Peru and Ecuador, and on the west by
Ecuador, the Pacific ocean, Panama and the Caribbean sea.
The republic has an extreme length from north to south of
1,050 mi. and an extreme width of 860 miles. The area is 439,714
square miles.

Physical Geography.—The western and north-western por-
tions of Colombia are occupied by the terminal ranges of the great
Andean system. The two closely parallel ranges of northern
Ecuador unite to form the Macizo de Pasto as they enter southern
Colombia. From this great mountain knot, in turn, the Western
and Central Cordilleras of the triple-spurred Colombian Andes
emerge and stretch away side by side toward the north. The
Eastern Cordillera originates in a secondary knot in the central
range not far north of the Pasto macizo, and crosses the country
in a north-easterly direction until it in turn splits asunder, sending
one spur north into the Caribbean to form the Goajira Peninsula,
and the other to the east to form the Sierra de Mérida south
of Lake Maracaibo in western Venezuela.

The Eastern Cordillera sharply divides the mountainous dis-
trict of northern and western Colombia from the torrid, low-lying
plains of the interior which comprise slightly more than half the
total area. To the south, a region covered by nearly impenetrable
jungle growth is drained by the tributaries of the Amazon. Ex-
cept along the principal rivers it is largely unexplored and
inhabited mostly by uncivilized tribes of Indians. The northern
part of these transmontane low-lands, the so-called llanos, is a
region of open tropical plains, alternately flooded and parched
with the changing seasons, and drained by tributaries of the
Orinoco. The approximate length of this region is 64om. and the
average width 320 miles.

The Western Cordillera roughly follows the line of the Pacific
coast, terminating in three low, wooded spurs which merge into
the Caribbean coastal plain in the southern part of Bolivar
department. A short transverse range connects it with the Cor-
dillera de Baud6, which extends from the mouth of the San Juan
river north to form the highlands of Panama. The Western Cordil-
lera is covered with vegetation, and its Pacific slopes are pre-
cipitous and humid. Its highest elevation, the Punta de Mallama,
is 13,780 feet. '

The Central Cordillera, also called the Quindio, is separated
from the eastern and western Andean ranges by the Magdalena
river on one side and its principal tributary, the Cauca, on the
other. It terminates in low hills near the confluence of the two
rivers. The Central Cordillera has a series of lofty volcanoes, some
of them perpetually snow-capped. Its highest elevation is the
Nevado del Huila (18,701ft.), the highest point in the republic.

COLOMBES—COLOMBIA

The Eastern Cordillera is the region of densest population and
is distinguished by its large area of plateau and elevated valley
lying within the limits of the wvertical temperate zone. The
“sabana” of Bogotd (8,661ft.) with an area of 2,000 sq.mi., is a
good illustration of the higher of these plateaux. Mild in tempera-
ture and fertile, it has the varied production of the temperate zone.

The Pacific coast line, omitting minor convolutions, is about

IN THE

THATCHED NATlVE HUTS SHADOWED BY DROOPING PALMS,
WESTERN PORTION OF COLOMBIA

soom. in length; that of the Caribbean is about 700 miles. The
Caribbean ports are Barranquilla, Cartagena, Santa Marta, and
Rio Hacha. There are two commercial ports on the west coast,
Buenaventura and Tumaco. Because of its unhealthful character
and the high mountain barriers, the Pacific coast has played only
a slight role in the country’s development. The Caribbean plain
is hot and low except in the northwestern section of Magdalena
department, where the surface is elevated in the Sierra Nevada
de Santa Marta, whose lofty, snow-covered peaks reach 17,380ft.
in altitude.

Rivers.—For convenience of description the rivers may be
divided into three general classes those which find outlet in the
Pacific, those which flow ifito the Caribbean and those whose
waters reach the Atlantic through the Orinoco and the Amazon.
The most important rivers in Colombia are the Magdalena and
its principal tributary, the Cauca. Both rise in the high plateau
of the Andes adjoining Ecuador. The Magdalena empties into
the Caribbean sea near Barranquilla. It is about 1,0oom. long
and traverses 9° of latitude—nearly the entire country. In the
lower reaches, throughout perhaps half its course, the waters of
the Magdalena are dissipated over a wide area of swamp, lagoons
and lakes, and its course is continually changing through the wear-
ing away of its alluvial banks. The Cauca unites with the Magda-
lena about 200m. from the sea through several channels. The
Cauca is navigable in two widely separated stretches of 2oom.
each. Both the Atrato and Sint rivers flow to the north coast and
are navigable by small steamers.

The rivers of the Pacific coast are numerous. They have short,
precipitous courses with comparatively short navigable channels.
The waters of the rivers of the great eastern plains pass to the
Atlantic through the Orinoco and Amazon rivers. Some of them
are navigable, which fact may be of great importance to the fu-
ture development of this region, which is as yet only partially
explored.

Geology.—The Andes reach their northern end in Colombia,
where they are divided into three principal ranges, of which the
central one is the highest. This range, the Cordillera Central,
which is separated from the western one by the valley of the
Cauca and from the eastern one by the valley of the Magdalena,
includes peaks that rise to heights of more than 18,000 feet. The
highest of these, Tolima (18,438 ft.) and Huila (18,701 ft.), are
volcanic. The cores of all the ranges consist of old granite, gneiss
and schist, which are generally overlain, on the east and west
flanks, by folded and contorted beds of sandstone, shale, slate and
limestone of Cretaceous age, with which are interbedded sheets
and masses of volcanic rock, chiefly porphyry and porphyrite. The
western chain, the Cordillera Occidental, extends northward from
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Ecuador nearly to the Caribbean sea. In its southern part. it is
flanked on its west side by steeply tilted Palacozoic beds; in its
northern part on both sides by Mesozoic beds. The eastem An-
dean range, known as the Cordillera Oriental, or the Cordillera of
Sumapaz, is composed mainly of folded Cretaceous beds. The Cor-
dillera Central, which is the continuation of the Cordillera Oriental
of Ecuador, consists chiefly of beds of Cretaceous sandstone and
porphyritic rocks. The axes of folding in all these ranges conform
in direction with the trend of the ranges. Along the Pacific coast

of Colombia there is a lower range, composed mainly of Tertiary
" volcanic rocks, which are covered in places with soft Quaternary
sandstones and marls containing the remains of species of marine
animals such as inhabit the neighbouring ocean. The Magdaléna
valley is a structural trough 6oo m. long and g to 45 m. wide,
outlined by faults and filled with Tertiary .clay and sandstone,
which unconformably overlie Cretaceous beds. The Cucuta basm
which is a south-westward continuation of the Maracaibo basin of
Venezuela, is occupied by Cretaceous and Tertiary formations re-
lated to those in the Maracaibo basin. The beds in these basins
are wrinkled by small folds that trend north-north-east. The foot-
hills east of the Cordillera Oriental are composed of marine Cre-
taceous and marine and fresh-water Tertiary beds, which are
folded and faulted along lines parallel to the trend of the Andes.
In the part of Colombia that lies east and south-east of the Andes
the surface deposits are mainly Tertiary and Quaternary sand,
loam and gravel.

Colombia produces about half the platinum mined in the world
The emerald mines of Muzo in the eastern Andes are world
famous. Gold is found in both lodes and placers. Many of the
mines are in the department of Antioquia. Some silver, copper,
iron, and coal are mined. Oil, nitre, lead; tin, and mercury are
also produced.

Climate.—Colombia lies almost entirely in.the north torrid
zone. The heat of the tropics is, however, meodified throughout a
large part of the area by the -elevation of the surface and the
action of winds. In general torrid heat prevails within' the
lower areas, including the coastal plains and the valleys of the
larger rivers. These regions are characterized by excessive mois-
ture and dense forests, and are in general unhealthy, except in
communities where development of modern sanitation and medi-
cine have reduced the dangers attendant upon tropical environ-
ment. Above the tropical zone in the mountainous area are found
all gradations of cooler climate. The subtropical districts comprise
the valleys and slopes lying between 1,500 and 7,500ft. of eleva-
tion. Some of them are among the most fertile and productive
areas of the country. The temperate zone lies between 7,500 and
10,000ft. of elevation, and the cold, bleak pidramos at from 10,000
to 15,000. Above these are wastes of ice and snow. Most of the
principal cities are situated in the vertical temperate zone.

In general, the year is divided into a wet season (called invierno,

or winter) and a dry season (called verano, or summer). In some

sections there are two wet and two dry seasons. The time when |

these seasons occur and their duration vary greatly, however,
in the different. regions and even vary from year to year in the
same location.

Fauna—The fauna is . essentially troprcal though species
characteristic of temperate countries are found ‘in the higher
regions, such as the bear, fox, skunk, weasel, squirrel and deer. In
the forested lowlands and ‘the lower mountain. slopes there are
many species of monkeys. The puma, the jaguar and the ocelot

. are widely distributed and are numerous in the Magdalena valley.
The peccary and the tapir are found in many regions of the low-
lands and lower forest zones. Among the other commonly known
animals are the sloth, armadillo, nutria, porcupine and opossum.
There are many varieties of rats, some of them partly amphibious.
Lizards are abundant in most parts of the country in many dif-
ferent species, some of them brilliantly coloured. The alligator
is common along the banks of the larger rivers, though in some
places, especially along the Magdalena, it is becoming scarcer
because of the activities of the hide hunters. The large rivers and
lakes are plentifully stocked with fish and turtles, of which there
are many edible varieties. The shell of one of the varieties of
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originally imported as slaves.
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turtle is known as the tortoise-shell of commerce. Snakes abound
in many regions. .

The condor inhabits the higher Cordilleras. Others of this
order are the eagle, osprey, buzzard, kite and hawk. Parrots and
parakeets are numerous everywhere in tropical and subtropical
regions, also the macaw and toucan. A vast number of water-
fowl throng the shallow lagoons and river beaches at certain
seasons. These are largely migratory and include the crane, heron,
egret, roseate spoonbill, stork, bittern and many species of duck.
There is an infinite variety of insect life in Colombia and the coun-
try is considered one of the best fields for students and collec-
tors;  The varieties include butterflies, spiders, beetles and ants.
Practically all the low country swarms with mosquitoes and other
insect pests, but there are no mosquitoes on the high plateaux.

‘Flora.—The Colombian flora is very rich, ranging as it does
through all varieties from those of the tropics to the:Alpine
species of the highest plateaux. A luxuriant forest growth covers
a large part of the republic, including the foothills, slopes and
valleys of the Cordilleras, a large part of the plains adjacent to
the north coast, the entire surface of the Western Cordillera and
coast and the southern section of the eastern plains. There are
many varieties of forest products, including vanilla and medicinal
plants such as quinine, ipecac, sarsaparilla, gums and balsams,
also rubber, “tanning agents and dyewoods, and the tagua-nut,
known as vegetable ivory. These forest products form a potential
source of wealth as yet little exploited. Up to an altitude of 10,-
oooft. the palm is very abundant and varied, with incredibly
numerous uses. There are extensive groves of the coco-palm on
the Caribbean coast. Orchids are abundant in the forests, and
many valuable varieties have been secured in Colombia.

As the surface of the land rises the character of the vegetation
changes. From 1,500ft: to 4,500ft. there is a great variety of

‘semi-tropical fruits. The temperate zone commences at 6,000ft.

and is the finest agricultural region. Here practically all the
cereals, vegetables and fruits commonly found in the United
States are produced. Above 10,000ft. are the pdramos with
stunted vegetation. Farther up only Alpine species are found.
Colombia is especially rich in fine woods, but very little use has
been made of this resource so far. The varieties include mahog-
any, lignum, vitae, Brazil-wood, pine, walnut, ‘cedar, oak and
many others. One of the most useful trees of the temperate zone
today is the eucalyptus introduced from Australia.
GOVERNMENT AND ADMINISTRATION

Population.—The census of 1938 showed a population of
8,701,816. The population is made up of white, Indian, and Negro,
and their mixtures, in the following proportions: pure whites,
35%; pure Negroes, 5% ; Indians, 2% ; mixed, 58%. The whites
are mainly descendants of Spanish settlers; the Negroes were
In general the mixture of Indian
and white blood predominates in the higher regions, where there
is little or no trace of African blood. On the coast and in the river
valleys the predominating mixture is the Negro and white, with
very few pure whites.

Population of Colombm by Departments. Census of 1938.

Depamnent Population Capital City ' Population
Antloquxa . . 1,188,587 Medellin . . 143,952
Atléntico 268,400 Barranquilla . . 150,395
Bolivar 765,104 Cartagena 72,767
Boyacs, 737,368 Tunja 16,507
Caldas . 760,068 Manizales 51,025
Cauca . . 356,040 Popayén . 18,292
Cundinamarca . . 1,174,607 Bogotd . . 325,058
Huila . . 216,676 Neiva . . 15,006
Magdalena . 342,322 Santa Marta . 25,113
Narifio. . 405,868 Pasto 27,564
Santander del Norte . 346,181 © Clcuta . 37,323
Santander del Sur 615,710 Bucaramanga 41,714

Tolima . . . . 547,796 Ibagué 27,448
Valle del Cauca . 613,230 Cali . 88,306
Intendencies .
Amazonas 6,414  Leticia 1,674
Chocd . 111,210 Quibdé . . 5,278
Meta . 51,674 Villavicencio . 6,074
San Andrés y Provxdencxa 6,528 San Andrés . 4,261

Comisarias (territories) 118,028

8,701,816

Of the aboriginal or Indian inhabitants there remain some scat-
tered tribes in a savage state. Their number is estimated at about
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160,000, and they are found principally on the eastern plains, also
in the Rio Hacha, Valle de Upar, and Santa Marta districts, and
in the Atrato river basin. There are also civilized Indian com-
munities which to some extent retain their own language and
customs. According to one authority nearly 100 native languages
are spoken in Colombia, but these belong principally to small and
isolated communities, and the traveller in the country hears noth-
ing but Spanish along the ordinary routes of travel.

The principal cities are: Bogota, the capital; Medellin, the
centre of commercial activity; Barranquilla, starting point of
steamship service on the Magdalena, which has recently replaced
Puerto Colombia as a port of call; Cali, centre of a rich agricul-
tural district; and the Pacific coast port of Buenaventura.

Health.—In general, the coast and lower river ‘valleys are un-
healthy but there are regions which form exceptions. Among the
latter are the. cities of Barranquilla and Santa Marta on the
Caribbean coast, where health conditions are reported reasonably
good, due largely to improved sanitation. In the low country
malaria and dysentery are very prevalent. The Magdalena valley
is particularly unhealthy because of the vast swamp areas and
the resultant mosquitoes. Hookworm is common in a large part
of the country. The Rockefeller Foundation of New York has
been carrying on an extensive campaign against disease in co-
operation with the Colombian Government, devoting itself espe-
cially to the treatment of hookworm and the prevention of yellow
fever. Very important results are being obtained.

In general, the higher altitudes are healthy. Many of the Colom-
bian cities were lacking in proper water supply, sewage disposal,
street paving, etc., but in most communities this situation- is
rapidly being corrected. Admirable new water supply systems in
Bogota, Cali, Cartagena, and other cities are indicative of this

" trend. The ports are generally free from yellow fever and similar
diseases. v

Immigration.—The law provides some inducements to immi-
grants such as the grant of agricultural land, but so far there has
been little movement of foreign workers into the country. The
settlement of Jewish refugees from European anti-Semitic perse-
cution in Colombia has been minimized by the difficulty such per-
sons encounter in complying with the Government’s requirement
that they settle on the land.

Social Classes.—The settlements of the Spaniards were mainly
in the interior elevated sections. Due to the fact that adequate
communications with the outside world have only recently been
established, communities long remained in great isolation, and the
result has been to preserve the language, manners, and physical
characteristics of the early colonists with less variation than is
found in any other Spanish-American state. The white race, nu-
merically superior, has retained a certain social and economic
dominance with respect to the Indians and Negroes, but the
process of race mixture has progressed so far that, except for the
comparatively few tribal Indians and limited numbers of pre-
dominantly pure Negroes, the country is rapidly attaining racial
homogeneity. Upper class whites in Colombia, as elsewhere, dis-
dain manual labour. The mestizos of Indian stock are in the main
sturdy and patient and furnish the labour of the plateau districts.
In the cities they are artisans, domestics and day labourers and
in the country farm workers and herders. In the hot low country
where the Negro strain is strongest the labour is less efficient than
in the elevated sections. Though the men of wealth and position
in all sections of the country are generally white, there are nu-
merous exceptions to this rule. There is little colour antagonism,
as such, against those of Indian and Negro lineage, and individ-
uals of these races sometimes rise to important positions.

Government.—The Government is that of a centralized re-
public. The executive branch is formed by the president and
nine cabinet ministers and the governors of the departments, who
are appointed by the president, as well as other administrative au-
thorities directly or indirectly controlled by him. The president
is elected by the people for a term of four years. Attached to the
president is a consulting body known as the Council of State,
which is composed of seven members. The national loan board
has jurisdiction over all borrowing done by the Government.
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The legislative power is vested in Congress, consisting of the
senate and the house of representatives. The senate is composed
of 35 members elected for four years by electoral councils ap-
pointed by the departmental assemblies. The house of representa-
tives is elected directly by the people for a period of two years.
All male Colombians, 21 years of age or over, who exercise a
lawful occupation, are citizens and entitled to vote.

The judicial power is vested in the supreme court of 12 mem-
bers at Bogot4 and a superior court in each judicial district. The
supreme court has appellate jurisdiction in judicial matters and
original jurisdiction in impeachment trials and in matters in-
volving constitutional interpretation. There are various inferior
courts. :

Education.—The Constitution provides that public educa-
tion shall be organized and directed in agreement with the Catholic
religion and that primary education, paid for out of the public
funds, shall be free but not obligatory. Primary education is
under the control of the departments, and the status of education
varies in the different departments. At the end of the last
century the proportion of illiterates was authoritatively esti-
mated at g0%. On the basis of the 1918 census the proportion of
illiterates in the adult civilized population was about 50%.
Colombia has, however, made great progress in education, and the
percentage has been very considerably reduced, although no statis-
tics have been published on the subject. The education of the
majority, however, does not extend beyond the most elementary
branches.

The following chart indicates the educational system of Colom-
bia in 1937. Included among the primary schools are 190 Roman
Catholic missions in the national territories. The National
university at Bogota, founded in 1572, and the School of Mines
at Medellin are under the national Government. Four other uni-
versities are departmental; the universities of Antioquia (at
Medellin), Cartagena, Popayan, and Pasto. The Government
maintains a conservatory of music and a school of fine arts in
Bogota.

Education in Colombia in 1937

Total of .
Type of School Official Total of Teaching Enrolment

Schools All Schools Staff
Infant . 05 326 483 15,112
Primary . 8,015 8,714 12,495 573,617
Vocational . 127 163 380 7,512
Evening® . . . . 190 213 340 12,265
Secondary and normal . 75 361 3,307 32,585
Commercial . . . . 10 100 653 8,337
Superior (preparatory) . 19 27 500 3,324
Arts and crafts . . . 19 37 297 3,001
Agricultural . ‘ 7 9 32 426
Art .. . 3 6 73 684
Military 10 10 —_ —
Religious ] 27 211 1,504
Nursing T I 5 15
Abnormals . 4 S 59 243
Unclassified . 7 7 40 539
Total 8,491 10,081 10,037 630,854

Religion.—The Roman Catholic faith was introduced into
Colombia by the Spanish conquerors and up to 1853 was the only
religion permitted to Colombians. Until amended in 1936, the
Constitution provided that Roman Catholicism should be the
national religion protected by the State, but a complete disestab-
lishment was effected in that year. During the colonial period
many churches were built and religious communities established,
and the Church was wealthy and powerful.. Although under Presi-
dent Mosquera (1861) most of the church property was trans-
ferred to the State, the influence of the Church is still quite
strong. Its influence in matters of education was materially

‘decreased by the policies followed under President Lépez (1934~

1938). Ecclesiastically the republic is divided into four arch-
dioceses and eleven episcopal dioceses. The people of Colombia ,
are overwhelmingly Roman Catholic in religion.
Finances.—Many elements have contributed to the marked
improvement which has taken place during the last few years in
the economic situation of the country and in the finances of the
Government. Of these the most far-reaching has been the great
increase in the value of coffee exports, which has materially in-
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creased the wealth of the country, and only to a less degree the
development of the nation’s petroleum resources. The initial
impetus to more orderly finances may be said to have been the
payment by the United States of $25,000,000 in five yearly instal-
ments, from 1922 to 1926 inclusive, in settlement of claims arising
out of the secession of Panama in 1903, and the financial and
monetary reforms of the Kemmerer commission in 1923. These
reforms included the establishment of a new and sound budget ré-
gime, the reorganization of the currency on a gold basis and
establishment of a national bank of issue, the reorganization of
the administration and collection of the national revenues and
the national accountmg, and the creation of a department for the
general supervision of expenditures.

Revenue and Expenditure.—A sudden freshet of borrowed
money from the United States in 1927 and 1928 enabled the bud-
gets for those years to reach record heights, but by 1929 a deficit
brought financial difficulties and necessitated short term "bor-
rowings in the following year. The indebtednesses thus incur-
red have loaded the country with a debt from whose effects it is
but slowly recoverlng

In 1932 the ordinary revenues reached the lowest total for a
decade, but since that time they have mounted steadily, as have
expenditures.

Ordinary R and Expenditures, 1932~1930
" (in thousands of pesos)
1032 | 1933 | 1034 | 1035 | 1036 | 1037 | 1038 | 1030
Revenues . |.35,346 | 30,787 | 53,361 | 57,360 | 70,063 | 82,606 | 83,773 | 89,200
. Expenditures . | 35,458 | 31,810 | 40,365 | 57,070 | 65,301 | 71,802 | 81,237 | 89,800

Revenues come principally from import and export duties, which

- normally account for approximately half the total, especially
since adoption of a high tariff policy in 1930. The income tax
now supplies around 10,000,000 pesos annually. The largest single
item of expenditure in the 1938 budget, which totalled 81,567,979

" pesos, was public works (15,216,541 pesos), with national defence
(13,050,000 pesos) and public debt (10,825,174 pesos) next in
order. Education was allotted 6,840,903 pesos.

Public Debt.—The external debt of Colombia, including that
of departments and municipalities, and of 1nst1tut10na1 indebted-
ness guaranteed by the Government, aggregated $146,265,930 and
£2,666,290 in 1939. Most of this is in complete default, with ac-
crued interest on the dollar loans approximating $53,304,000. In
Feb. 1940, however, an agreement was made for temporary re-
sumption of service on the national government’s $53,839,530 ob-
ligations. Internal indebtedness as of Jan 1, 1939, was officially
reported as 109,418,146.04 pesos. .

Money and Banking.—The monetary unlt is the peso, which
through exchange control has been maintained at approximately
57¢ U.S. This is maintained through the Banco de la Repubhca,
which is also the sole bank of issue in the country.

Weights and Measures.—The metric system of Welghts and
measures is obligatory for official business and is used in inter-
national trade. In the interior, however, the old Spanish weights
and measures are still used to a considerable extent in domestic

transactions, including the lidra of 1-102 1b. avoirdupois, the arroba -

of 25 libras (124kg.), the quintal of 100 Libras (s0kg.), the carga
of 250 libras (125kg.), the vara of 8ocm. and the fenega. The
litre is the standard liquid measure.

National Defence.—Military service is obhgatory under the

law and all males are eligible. The standing army numbers about

6,000. The naval and aerial equipment for national defence is

very limited. ;
ECONOMICS AND TRADE"

Agriculture.—The larger part of the population live by
farming and cattle herding. Coffee production is the principal
source of wealth, there being no other that approaches it in im-
portance. Agricultural statistics for the most part do not exist.
Only a small part of the land is under cultivation, and there are
still vast tracts of virgin land in all the departments. The largest
proportion of cultivated land is in the temperate zone of -the
elevated areas. Modern agricultural methods are unknown; there
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Hectares under Production in
cultivation. metric tons

Cacao . 12 316,451 (trees) 11,359

| Corn 556,147 490,505
| Sugar . 272,818 43,428
Wheat 199,627 90,768
.Beans . 72,496 36,0960
“Potatoes 67,546 285,347
Rice . 67,170 74,645
Cotton - 43,204 18,842
Tobacco 15,087 . 14,829
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are very few ploughs in use, and other agricultural machinery is
practically unknown. There is little or no use of fertilizers. The
most common method of preparing land for cultivation is to burn
it over, and in the aggregate a large area of good timber land
is burned off every year for planting. There are in general use
only a few crude implements, of which the most important is the
machete (heavy knife). Most of the cultivation given the coffee
shrubs is done with this. v

Coffee is grown principally in the zone between 3,000 and
6,000ft. in elevation. Production has increased greatly in the
last quarter century. In 1926 exportation totalled 2,454,288
bags of 1321b. (60 kg.), more than 60% in excess of the average
for the preceding 5 years. Except for 1927, when the total was
97% of that figure, exports have been consistently higher ever
since, and in 1937 aggregated 165% of the 1926 total, or 4,059,642
bags (4,262,366 bags in 1938). No statistics were published for
domestic consumption until 1935, in which year it was estimated
at 350,000 bags (400,000 in 1937). The 1937 crop was.approxi-
mately 10-7% of the world’s total, making Colombia second only
to Brazil (25,944,000 bags) in world production.

In 1937 16-54% of world consumption (in contrast to produc-
tion) was of Colombian coffee (Brazil, 52:89%). The United
States is the heaviest purchaser of Colombian coffee, which sup-
plied 21.72% of her needs in 1937. Colombian coffee is known in
the world’s markets as mild, and is blenided with stronger grades.
It is grown under shade-trees, and a large part of it on mountain
slopes. The departments of Caldas (31-56% in 1937), Antioquia
(16-45%), Tolima (13-71%), Cundinamarca (11 78%), and Valle
del Cauca (10. 87%) are the principal producing regions, but coffee
is also produced in five other departments. Coffee exports in
1938 represented. 55-8%. of export values. Although the total
volume was 5% greater, value declined 5.1% from 99,172,496
pesos in 1937 to 94,160,136 pesos in 1938.

Bananas grow extensively in nearly all regions of the torrid
and temperate zones in a great number of varieties and are one of
the principal foods of the people. The production for export is
practically all in the region about Santa Marta on the Caribbean.
coast.” Other agricultural products exported are cotton, rubber,
tobacco and tagua. Their export value, however, is insigniﬁcant.
Other agricultural production is mainly food for home consump-
tion. The torrid zone prodiices rubber, coco-nuts, tobacco, bananas,
sugar-cane, corn, cotton, cocoa, beans, rice, etc. The subtropical
zone, in addltlon to coffee produces a great variety of fruits such
as banana pineapple, mango, papaya, alligator-pear and citrus

fruits. The temperate zone is the most favourable for agriculture

and produces wheat, barley, potatoes, oats, corn and practically
all the fruits and vegetables known in the United States.

Bananas aggregate around 59 of total exports, averaging around
7,500,000 stems annually (6,685,192 in 1937).

Production and extent of cultivation of some of the other lead-
ing agricultural products were as follows in 1937:

Cattle-raising.—Cattle-raising and crop farming sustain the’
bulk of the population. The largest rural properties are those de-
voted to cattle, and in both the tropical and the temperate zone
there are vast areas suitable for this industry. It is estimated
that the country could support 50,000,000 head. The number of
head of cattle and other livestock in 1937 was: cattle, 7,592,000;
sheep, 830,807; swine, 1,544,617; goats, 517,510; mules, 453,232}
asses, 288,455; horses, 925,733.+ -

The only export whlch has developed is that of hides. In 1938,
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the exportation of hides was valued at 3,871,000 pesos.

An attempt to establish a meat-packing industry shortly after
the close of the War of 1914-1918 failed, and the plant was
abandoned.

An important import trade in cattle from Venezuela helps sup-
ply domestic demands.

Mineral Wealth.—Gold, formerly the principal source of min-
eral wealth, has been supplanted by petroleum. Colombia, with a
current production of about half that of Mexico, is the third
most important petroleum producer among the Hispanic American
countries. Concessions are exploited by foreign companies, of
whom only one, the Tropical Oil Company, a subsidiary of the
Standard Oil Company (N.J.), was actively producing, and the
value accruing to the country is in the royalties on production and
in special taxes. Under the terms of the Tropical Oil Company
grant, 10% of crude production (after deduction of petroleum used
in drilling) goes to the State. Between 1921 and June 1937, the
nation (and the department of Santander del Sur) received ap-
proximately 14,500,000 pesos as its royalty, the amount being paid
in money, not oil. Annual production averaged almost 19,000,-
ooobbl. between 1928 and 1939 inclusive. In 1939 it was 22,998,-
ooo barrels.

Production of gold was valued at $15,447,700 (U.S.) in 1937,
and $18,225,095 in 1938 with a production of 442,222 fine ounces,
the highest on record. Silver production was 167,971 fine ounces,
platinum, 29,315 fine ounces. Slightly over half the gold and over
609, of the silver is mined in Antioquia.

There are abundant resources of coal, which have been exploited
particularly since 1934. Production over the four-year -period
1934-1937 averaged approximately 335,000 metric tons annually.
Salt production is a Government monopoly. Total annual output
averages three million pesos. :

Manufacturing.—Manufacturing was formerly confined to
low grade articles of everyday use, but has made great strides
under a protective tariff policy since 1930. Textile mills, sugar
mills, breweries, and cement plants are the most important indus-
trial enterprises. Practically all the output is for domestic con-
sumption. In 1937, 31,192 persons were employed in factories,
10,009 of them in textile mills. The departments of Cundina-
marca, Atlantico, and Antioquia are the principal centres of indus-
trial activity.

Foreign Trade.—Colombia, by reason of her geography and
topography, has an almost bewildering range of potential exports,
but nevertheless her export trade is confined into such narrow
limits as to put her on the edge of the one-crop country group.
The following chart shows the percentages of each of the principal
commodities exported in 1937, 1638 and 1939 (including gold):

(In thousands of pesos, i.e. add ooo)

Commodity 1937 | % of total | 1938 |9% of total | 1939 |% of total
Coffee . . 00,172 53-8 94,160 558 87,125 49.2
Petroleum. . . 35,070 19'0 37,200 221 31,003 180
Gold (to U.S.) . | 32,019 17°4 18,780 111 40,582 22:9
Bananas . . . 6,083 38 8,684 52 8,079 49
Cattle hides . 5,034 27 3,870 2:3 3,638 2:0
Platinum . 2,660 15 1,651 10 1,126 o6
Tobacco . 400 o3 1,027 06 . [N
Others. 2,834 15 3,253 19 4,001 2°4

Total exports 184,187 1000 168,637 100°0 177,054 100:0
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If gold were deducted from the above totals, coffee alone would
total 61% of all exports. The United States takes around 60% of
the total of Colombia’s exports, including, in recent years, all
the gold and over 75% of the coffee. Until the outbreak of the
European war in 1939, Germany was taking between 109 and
15% annually. Around 129%, representing petroleum for refining,
goes_to Curacao.

Imports are textiles, machinery, and miscellaneous manufac-
tured goods. Approximately 50% of imports are supplied by the
United States. In recent years Germany, with 13.4% in 1937 and
17-3% in 1938, and Great Britain, with 18-829 in 1937 and 12:3%
in 1938, have stood second and third. Imports and exports in re-
cent years have been as follows (not including exports of gold
bullion):

[COMMERCE

Colombian Foreign Trade, 1932-38 (in thousands of pesos)

1932 1033 1034 1935 1036 1937 1038 1939
Imports . 34,327 | 55,627 | 98,066| 110,677| 134,441 | 160,682 | 159,259| 183,461
Exports . 67,100 | 67,586 | 123,801 123,602| 136,844 | 152,169 149,857 (177,054

In 1939, exports (not including 40,582,000 pesos value of gold
to the United States) were valued at 136,472,000 pesos, going
chiefly to the United States (58-9%), Germany (9-5%), France
(41%), Great Britain (1.8%), Italy (1-7%). During the first 8
months Germany purchased 13-7%, but after Sept. 1, 1939, only
0:3%. Imports of 129,807,000 pesos were chiefly from the United
States (55-6%), Germany (12-8%), Great Britain (10-5%). Ger-
man sales dropped from 16.6% in the first 8 months to 3.5% in
the last 4 months.

COFFEE BEING LOADED ONTO CRUDE CARTS

Communications.—The transportation problem in Colombia
is one of peculiar difficulty. With few exceptions, the more densely
populated districts are in the interior, isolated from the coast
by mountain chains, and despite steady and rapid progress in
the last few years, communication is still inadequate. This is
especially true of Bogotd, although development of aviation has
materially alleviated the difficulties. There is no continuous
rail or road communication from the interior to the coast. In-
stead, the Magdalena river is the main artery of traffic. Most
of the railroads run from it to interior points. Its navigation
is slow and is open only to vessels of small draft, necessitating
transhipment at Barranquilla, whose harbour has been recently
improved by extensive port works.

In 1921 the country had 1,511km. of railways in operation,
but since that time the length has been more than doubled, reach-
ing 3,197km. in 1937. Most of the railways are Government-
owned. The National Railway Council administers six lines
(1,513km.) of nationally owned railroads and one principally
owned by the department of Cundinamarca. Two nationally owned
lines (172km.) are operated separately. Five lines (783km.) are
owned by departments. The total of railway mileage owned by
the nation or by departments is 2,468 kilometres. In addition, g

NATIVE RUBBER MOULDED INTO BLOCKS, BEING STACKED FOR SHIPPING
BY MULE OR .CANOE
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separate privately owned railways (729km.) are in operation.

Highway development has received especial stress in recent
years. During the four years ending in 1937, some 3,000km. of
highway were added. In that year there were 11,952km. of high-
ways in the country, and an additional 11,614km. in project.
National highways aggregated 6,866km. in operation, and 8,172km.
in project. Between 1932 and 1936 the number of automobiles in
the country increased by 69% (to 19,435), and was estimated at
21,000 in 1937. About half were in the department of Cundina-
marca, that is, in and around the national capital.

A peculiar feature of Colombian transportation is the use of
aerial cables for handling merchandise and passengers. Three
of these, with a total length of 142km., are in operation be-
tween Gamarra and Ocafla, Manizales and Mariquita, and in the
department of Caldas. The distance between stations on the first
named averages 4,700 metres.

Aviation.—Colombia was the first South American country to

take up air travel on a commercial scale. In 1920 a concession

was granted to the German-Colombian company “Sociedad Colom-
biana Alemana de Transportes Aéreos,” familiarly known as
“Scadta” from its initials. This company and some others: connect
various parts of the country with one another and with the outside.
" The longest non-stop run, from Barranquilla to Bogotd, some 500
miles, takes 2% hours by plane, and a minimum of 6 days by rail
and river. Between 1934 and 1937 inclusive, passenger and freight
traffic quadrupled. Through the internal air’transport system,
regular and frequent connection with foreign air services is avail-
able. -Barranquilla, at the mouth of the Magdalen4, is the coun-
try’s largest port. Other ports are Cartagena and Santa Marta on
the Caribbean, and Buenaventura on the Pacific. Frequent and
regular steamer service by several lines is available to Panama, to
New York and New Orleans, and to European ports.
Telephone, Telegraph, Etc.—Both telegraph and radio sys-
tems are Government-operated. -In 1937 there were 35,990km. of
telegraph line and 898 offices. The larger cities have local tele-
phone service owned by private companies or the municipalities.
The national Government owns long-distance telephone lines con-
necting most of the larger cities. External cable communication is
through Buenaventura and Cartagena. (L. W. BE.; J. F. K1.)

ARCHAEOLOGY

From the archaeological point of view the large expanse of
~ territory represented to-day by the Republic of Colombia must be
considered separately. But investigation is so incomplete that
only the main lines of the prevailing culture can be indicated. The
fine technique of the pottery and gold-work of certain regions, and
also the traditional history of a few tribes, bring the area into
relation with the more organized cultural developments both to
the north and south. Large portions of the country were peopled
by tribes living under primitive conditions, and the manifestations

_ of higher culture are confined, so far as is known, to the Cauca |

valley and the plateau of Bogota.

Historical tradition, as preserved, relates principally to the
tribes of the Bogotad plateau, where, at the time of the Spanish
invasion, political conditions seem to have been much the same
as those of central Peru at the beginning of the rise of the Inca.
The expansion of tribes of kindred culture, ruled by paramount
chiefs, led inevitably to collision, and the Chibcha people had
established a supremacy over their neighbours, which, given time
for development, might well have resulted in an “empire” on Inca
lines. Far less is known from traditional sources of the people of
the Cauca valley, among whom the Quimbaya tribe stand pre-
eminent as potters and gold-workers. Existing evidence would
place culture of the more advanced peoples of Colombia in exactly
that position which their geographical situation suggests. There is
undoubtedly a close: connection with Panama, and remoter- Pe-
ruvian -and Mexican influence. Influence from the' south is a
natural assumption, but, owing to the difficulties of travel by land,
due to the forested area of eastern Panama, sparsely peopled by
tribes of low culture, the very close relationship between the

- Colombians and the Talamancans appears at first sight surprising.
But clearly there was a regular “port-to-port” trade down the
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western coast, which was so continuous that Vasco Nufiez de
Balboa received from the Panamanian chief, Tumaco, an itinerary
by sea to Peru, as yet undiscovered, together with a description
of the llama.

Like the Talamancans, the inhabitants of Colombia did not
practise stone-building, w1th one notable exception. -This is the
prehistoric site of San Agustin, on the upper Magdalena, where
sculptures have been found in a style obviously connected with
the art of the Peruvian Chim@. The pottery, especially in orna-
mentation by means of the “lost-colour” process (the reservation
of designs in the ground-colour by means of wax or resin painting
before the second slip was applied) shows a close relationship with
Talamancan technique, while the forms and paste display near
relationship to the ware of the Ecuadorian highlands. The gold-
work, produced by the cire-perdue process of casting, with soldered
details, or by hammering is, as far as the province of Antioquia
(the Quimbaya area) is concerned, almost indistinguishable from
the Talamancan. But the Chibcha produced castings, of very
inferior quality, in a peculiar style of their own, which is easily
recognizable. Gold was common in the Colombian region, and was
employed for divine offerings, either in the form of dust or of
manufactured articles. At certain ceremonies, practised in com-
mon by the tribes of the Bogot4 plateau, rich offerings of this
metal were thrown into certain sacred lakes (especially Lake
Guatavitd) or deposited on the banks. The particular rite of
investiture of the ruler of Guatavitd, in accordance with which,
plastered with gold-dust, he plunged into the lake, gave rise to the
many stories of “El Dorado” found in the pages of the early
chroniclers. Religion,so far as can be ascertained, was expressed in
the worship of various powers of nature, the sun, moon, rain and
lakes. Creator-gods and culture-heroes were also included in the
pantheon. In outline, religion seems to have corresponded to that
of the early Peruvian tribes, but much of the ritual shows a very
close correspondence with that of the later Mexicans, especially in
the extent, and methods, of human sacrifice. Nahuatl influence
extended into the Talamancan area, and certain features of
Nahuatl ritual may have been introduced into Colombia together
with Talamancan methods of pottery decoration and gold-tech-
nique. Human sacrifice, if it existed under the Inca régime in
Peru, was rare, and was only practised on special occasions. In
this respect. Colombian religion approximates very closely to the
Mexican. For chronology see chronological table, CENTRAL AMER-
1ca: Archaeology. (T.A. J)

HISTORY

The coast of Colombia was one of the first parts of the Ameri-
can continent visited by the Spanish navigators. There, too, at
Darien, was located the first permanent European settlement.on
the American mainland (1510). In 1525 Rodrigo de Badstidas
founded Santa Marta, from which stemmed colonial New Gran-
ada (as Colombia was known until 1861). From Santa Marta, in
April 1536, Gonzalo Jiménez de Quesada pushed inland and
founded Bogotd (Aug. 6, 1538). Soon there were several well
established, growing communities on the coast and in the interior
highlands, among the former the great fortress city of Cartagena,
focal point of foreign attacks throughout the Spanish era. Until
the early 18th century, New Granada was governed by the Viceroy
of Peru. In 1718 (temporarily) and definitely in 1740, however,
New Granada was erected into a viceroyalty which included under
its jurisdiction not only the present Colombia, but what is now
Panama, Ecuador, and Venezuela as well. Throughout the colonial
era geographlcally isolated New Granada was neglected by Spain,
and toward the close of the 18th century, rumblings of discon-
tent were manifest.

In 1811 insurrection against Spanish domination was formally
commenced, and almost incessant warfare was carried on with the
mother country until 1824. Simén Bolivar, the great national hero,
headed- the struggle. In 1831 the republic of New Granada was
founded, which included the territory at present known as Colom-
bia and Panama, and a Constitution was promulgated. From then
up to 1903 the country was carrying on intermittent civil war.
Under President Toméas de Mosquera in 1861 the power of the
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Church was reduced and its property appropriated by the
nation. In 1861 the name The United States of Colombia was
adopted. :

Through the many years of strife the conciliation of warring
factors was effected, the unity of the country consolidated, and
the way laid for permanent peace. There was, however, a con-
stant drain on the manhood and resources of the country, and the
intervals of peace were too short to permit of the development of
the natural resources or progress in transportation. Colombia en-
tered the 20th century as a country in which the principal centres
of population were scattered over a vast territory more or less
isolated from each other. A life of considerable comfort and
culture developed in the various cities, but the country as a whole
remained in a backward state. In 1903 peace was attained, which
has proved to be lasting.

Perhaps the most important event of the 20th century has been
the loss of -‘Panama, which seceded in 1go3 (see PaNamaA). The
differences between Colombia and the United States over the
secession of Panama were adjusted by the Thompson-Urrutia
Treaty, which was finally ratified by the Colombian senate in Dec.
1921. Among other conditions this provided for the payment of
$25,000,000 indemnity t6 Colombia for the loss of Panama in five
yearly payments, Colombia engaging to recognize the independ-
ence of Panama.

Under Gen. Pedro Nel Ospina, who became president in Aug.
1922, an impetus was given to the construction of public works,
especially roads and railroads. For this purpose loans to the
amount of $25,000,000 in July, 1927, and $34,000,000 in March,
1928, were concluded in New York; particular projects involved
included a railway giving Bogot4 direct connection with the Pa-
cific and another extending from Bogot4 northward to connect
with the existing line in the lower Magdalena valley. In 1926 Dr.
Miguel Abadia Méndez was elected to the presidency for a four-
year term. A treaty with Nicaragua, signed March 24, 1928, set-
tled several century-old territorial disputes between the two coun-
tries by awarding the Mosquito Coast and the Great and Little
Corn Islands to Nicaragua and islands of the Andrés Archipelago
to Colombia. In Feb. 1930, Dr. Enrique Olaya Herrera was elect-
ed president, the first Liberal in several decades. The financial
crisis forced the Conservative majority in Congress to provide
checks on the export of gold, regulation of exports and imports,
a virtual suspension of debt payments, a system of agricultural
credits, and appropriations for public works. The Conserva-
tives sought by voting war preparations to magnify a minor
Peruvian invasion of Leticia, Sept. 1931, into a major issue;
only the friendly agency of Brazil, the U.S.A., and the League
of Nations secured the interposition of a League Commis-
sion to administer the province while a Protocol favorable
to Colombia was negotiated; Conservative opposition delayed
ratification until 1935. Meanwhile the Liberals captured control

over Congress and reopened their attack on the favoured position of
the Catholic Church. In the presidential election of 1934, boycotted
by the Conservatives, Dr. Alfonso Loépez, advocate of a “New Deal,”
easily won over his Communist rival. A series of constitutional and
other reforms featured his administration, an eight-hour day law,
the guarantee of labour’s right to strike, and the disestablishment
of the Roman Catholic Church being the most outstanding. A re-
action set in by 19347, however, and the more moderate Liberals were
able to nominate the relatively conservative Eduardo Santos, a promi-
nent newspaper publisher, as the party candidate, and to elect him in
Feb. 1938. The new president’s policy was, in general, one of progres-
sive but not radical action. Meanwhile, in international affairs,
Colombia continued to work in close harmony with the United States.

BisriocraAPEY.—Pan American Union, Bulletin and Commercial
Pan America (Washington, monthly) ; Department of Overseas Trade,
Reports (London, annual) ; G. Arboleda, Historia contemporinea de
Colombia (6 vols.,, Bogota, 1928-35); Contraloria General de la
Reptblica, Anuario de comercio exterior and Anuario gemeral de
estadistica (Bogot4, annual); I. J. Cox, “The Colombian Treaty—
Retrospect and Prospect,” Journal of International Relations (April
1921); R. B. C. Graham, Conquest of New .Granada (London,
1922); J. M. Groot, Historia eclesidstica 'y civil de Nueva Granada
(5 vols., Bogotd, 1889—93); J. M. Henao and G. Arrubla, History of
Colombia, trans. by J. F. Rippy (Chapel Hill, 1938) ; W. D. McCain,
United States and the Republic of Panama (Durham, 193%7); Sir C.
R. Markham, Conquest of New Granada (New York, 1912); E. T.
Parks, The United States and Colombia, 1765-1934 (Durham, 1935);
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C. Pereyra, Historia de la América Espaiiola, vol. vi (Madrid, 1925) ;
J: M. Restrepo, Historia de la revolucion de . . . Colombia (10 vols.,
with atlas, Paris, 1827); J. F. Rippy, Capitalists and Colombia (New
York, 1931), and Crusaders of the Jungle (1933); A. C. Wilgus, ed.,
South American. Dictators in the First Century of Independence
(1937). (L. W. BE.; J. F. K1)

COLOMBO, the capital and principal - seaport of Ceylon,
situated on the west coast. Pop. (1931), 284,155; est. 1943, 345,-
ooo. Near the mouth of the Kelani river, the environs of the
town are low-lying and wide areas are liable to inundations
against which considerable protective works have been con-
structed. Galle, 70 mi. S. by rail, was Ceylon’s principal port of °
call until harbour works were undertaken at Colombo between
1874 and 1886. The large artificial harbour has an area of 643 ac.
at low water. An area of 246 ac. has been dredged to a low-water
depth of 36 ft. and over, 140 ac. to a depth varying between 36 ft.
and 34 ft. and 106 ac. to between 33 ft. and 30 ft.; the remaining
151 ac. have a depth of less than 30 ft. Vessels drawing 34 ft. can
enter by the western channel (630 ft. wide), and vessels drawing
29 ft. by the northern channel (550 ft. wide). Berthing accommo-
dation, exclusive of the graving docks, guide pier and oil jetties, is
available for 35 vessels in the N.E. monsoon and 38 vessels in the
S.W. monsoon. The outer graving dock has a length of 695 ft.,
and the inner, completed in 1938, 350 ft. The Beira lake, and the
canal connecting to the harbour, is an integral part of the port of
Colombo. The canal is navigable by 40-ton barges, and the lake-
side barge yards relieve congestion in the harbour where hitherto
they had been moored.

The business part of Colombo is known as the Fort; it occu-
pies the site of the old fortified area, the defenses of which were
demolished by Lord Rosmead (then Sir Hercules Robinson) in
1869. Here are also Queen’s House, the official residence of the
governor, and the main block of government offices. The law
courts are built on a site in the suburb known as Hultsdorf,
which, during the Dutch period, formed with Wolfendahl the
principal European quarter. Colombo has few buildings of any
architectural interest or value, but mention may be made of the
Dutch church at Wolfendahl and the Buddhist temple at Kota-
hena. - Ceylon University. college, established 1921, prepared stu-
dents for the examinations of the University of London, and Cey-
lon Medical college, founded 1870, provides instruction of such
standard that it has been recognized by the General Medical
Council of the United Kingdom since 1887. These two institu-
tions, by legislation enacted in 1942, were merged to constitute
the University of Ceylon. Colombo has a general hospital with
935 beds and an ophthalmic hospital, hospitals for women and for
children, a Pasteur institute and bacteriological, dental and anti-
tuberculosis institutes. '

Colombo is a municipal town. It is administered by a munici-
pal council, the members (of either sex) being elected by the rate-
payers; the mayor is elected annually from among the council-
lors. The town is not only the administrative capital of the
colony but is by far the greatest business centre. All the principal
firms doing business in Ceylon have their offices in Colombo, and
by means of visiting agents attached to some of these firms the
management of most of the tea and rubber plantations in the
island is controlled. The principal open spaces are the Victoria
park, in the suburb that still bears the name of the Cinnamon
Gardens, the Galle Face esplanade, the Havelock racecourse,
Havelock park and the Ridgeway golf links. There are numerous
cricket fields, several of which are of exceptional quality. The
climate is warm and humid, but the town is healthy and has al-
ways been singularly free from malaria, in spite of its somewhat
low-lying and waterlogged situation. The mean temperature is
80.8° F., and the mean annual rainfall g1 in. The hotel at Mount
Lavinia, a few miles to the south of Colombo, originally built as
a residence for the governor without colonial office authorization
and promptly sold, is a favourite sea-bathing and pleasure resort.
Cotta, a suburb distant some § mi. from the port, was the original
capital of the Sinhalese kings in the neighbourhood. The Kelani
river is spanned by the Victoria bridge, from the head of which
roads lead northward to Negombo and Chilaw, and east by north
to Kandy. South of the Kelani river, main roads lead southward
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along the coast to Hambantota and up the Kelani valley to
Avisawella. From these pomts main roads branch off to every
part of the island.

COLON, a town of Matanzas province, Cuba, on the railway
between Matanzas and Santa Clara, and the centre of a produc-
tive cattle, sugar and tobacco region. Populatlon (1943 census)
11,534 (c1ty), 25,052 (mumczpzo)

COLON the second city of the Republic of Panam4, and the
northern gateway to the Panama canal. The Amerlcan town of
Cristébal, which is within the Canal Zone, adjoins Colén and is
virtually a part of it. The great port works and docks built by
the American government at Cristébal make Colén one of the
most important ports of the Caribbean sea, a considerable portion

BY COURTESY OF U.S. WAR DEPARTMENT
*D** STREET IN COLON BEFORE CONSTRUCTION OF PANAMA CANAL

of the freight for nelghbourmg coastal points in Central America
and northern South America being transshipped there and other
goods being unloaded for storage in the large bonded warehouses
within the Canal Zone. Colén has a population (1940) of 44,393,
not including the residents of the Canal Zone. It is the northern
terminus of the Panama railroad, 48 mi. from the city of Panama.
It is the capital of the province of Colén, thesseat of a Panama.n
custom-house and of consuls of various countrles

Colén is now one of the busiest tourist centres in the world, 1ts
streets lined with shops owned by natives of every land under the
sun, and selling the varied products of the world. The native pop-
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ulation is largely Negro, chiefly descendants of labourers,imported
from the British West Indies during the various periods of con-
struction on the Panama canal, and the rule of the road is to keep
to the left, one of the few cities of importance in Latin America
following the British custom. The town was founded in 1850, at
the Atlantic terminus of the original Panama railway, and was
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first called Aspinwall, after William H. Aspinwall (1807-75), one
of the builders of the railway. The present name, Coldn, is the
Spanish form of Columbus, as the twin city of Cristébal is the
Spanish of his Christian name. On the completion of the railway
in 1855, Colén attained outstanding importance as compared with
the older Caribbean ports of Panama, and with the first plans for
the isthmian canal, took on addltlonal prestlge Prior to the begin-
ning of work on the American canal, in 1903, Colén.was noto-
riously unhealthy, and one of the provisions of the Canal treaty
of 1903, giving the United States full sanitary control over the
cities of Panam4, was to enable it to clean up Colén before the
work of construction was begun, Much of the work of Gen.
Gorgas (g.v.), the sanitary genius of the canal construction, was
done in and about Colén, which was given a new system.of water-
works and sewerage: as well as a complete drainage of the sur-
rounding swamps in the triumphant fight against yellow fever and
malaria. Colén is one of the most healthful tropical cities in the
world. The Hotel Washington, operated by the U.S. government,
is the popular resort of the Canal Zone. . (W. THo.; X))
COLON. (1) In"anatomy, part of the greater intestine (Gr.
k6\ov, from «bMos, curtailed) (see ALIMENTARY CANAL). (2) Orig-
inally -in’ Greek rhetoric ashort clause, hence a mark (:) in
punctuation, used to show a break greater than that marked by

" | the semicolon (;), and less than that marked by the full stop

(Gr. k&Nov, a member, or part). Applied in palaeography to a

_unit of measure in mss., amounting in length to a hexameter line.

- COLONEL, the superior officer of a regiment of infantry or
cavalry (derived either from Lat. columna, Fr. colonne, column,
or Lat. corona, a crown); also an officer of corresponding rank in
the general army list.- The colonelcy of ‘a regiment formerly im-
plied a proprietary right in it. Whether the colonel commanded -
it directly in the field or not, he always superintended its finance
and interior economy, and the emoluments of the office, in the
18th century, were often the only form of pay drawn by general
officers. The general officers of the 17th and 18th centuries were
invariably colonels of regiments, and in this case the active com-
mand was exercised by the lieutenant-colonels. At the present
day, British general officers are often, though not always, given
the colonelcy of a regiment; which has become almost purely an
honorary office.. The ‘sovereign, foreign sovereigns, royal princes
and others, hold honorary colonelcies, as colonels-in-chief or hon-
orary colonels of many regiments. In other armies, the regiment
being a fighting unit—usually of three battalions, the colonel is
its active commander ; in'the British army the battalions of a regi-
ment serve separately—normally one abroad and one at home in
peace—and are organized in brigades composed of battalions of
different . regiments. . Thus 18th century practice has become the
modern regulation, and a lieutenant-colonel is the commanding
officer-of the battalion. of 1nfantry and regiment of cavalry. Col-
onels are actively employed in the army at large in staff appoint-
ments, brigade commands, etc:, extra- regimentally Colonel-gen-
eral, a rank formerly used in many armies, still survives in the
Germa.n service;  a. colonel-general (Geneml Oberst) ranking be-
tween a general of infantry, cavalry or artillery, and a general
field ‘marshal = (General-Feld-marschall). Colonels-general - are
usually given the honorary rank of 'general field marshal.

The United States.—The colonel in the U.S. army is the high-
est rank to which officers are promoted by seniority. His appro-
priate command is 'the regiment. Colonels are assigned to duty as
chief. of staff of divisions, assistant chiefs of staff in the larger
units, and as assistants in the administrative and supply services.
The insignia of rank of the colonel is the silver eagle worn on the
shoulder strap of the uniform.

COLONIAL OFFICE: see GOVERNMENT DEPARTMENTS:

COLONIAL PREFERENCE: sce IMPERIAL PREFERENCE.

COLONIAL STYLE, in architecture, a term loosely applied
to any style developed by colonizers; e.g., the French colonial
architecture of Morocco, the colonial architecture of Bermuda,
etc. When used without a.qualifying adjective, the term denotes
specifically the architecture of the English colonies of the North
American continent during the 17th and 18th, centuries; and also,
by extension, the continuation and development of that style after
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the Revolution, down to the coming of the classic revivals, 18o0—
30 (see MODERN ARCHITECTURE, 18TH AND 19TH CENTURIES).
The peculiar characteristics of any colonial architecture result
from the attempt to reproduce as closely as possible the architec-
ture of the mother country in places where labour may be limited
or untrained or influenced by native tradition, materials may be
different and climate and environment may be unfamiliar.
COLONNA, a noble Roman family, second only to the
Gaetani di Sermoneta. in antiquity, and first of all the Roman
houses in importance. The popes Marcellinus, Sixtus ITI., Stephen
IV. and Adrian III. are said to have been members of it, but the
authentic pedigree of the family begins with Pietro, lord of Col-
umna, Palestrina and Paliano (about 1100), probably a brother of
Pope Benedict IX. His great grandson Giovanni had two sons,
respectively the founders of the Colonna di Paliano and Colonna
di Sciarra lines. The third, or Colonna-Romano line, is descended
from Federigo Colonna (1223). In the r2th century we find the
Colonna as counts of Tusculum, and the family was then famous
as one of the most powerful and turbulent of the great Roman
clans; its feuds with the Orsini and the Gaetani are a character-
istic feature of mediaeval Rome and the Campagna; like the
other great nobles of the Campagna, the Colonna plundered trav-
ellers and cities and did not even spare the pope himself if they
felt themselves injured by him. Boniface VIIL. attempted to
break their power, excommunicated them in 1297, and confiscated
their estates. He proclaimed a crusade against them and cap-
tured Palestrina, but they afterwards revenged themselves by be-
sieging him at Anagni, and Sciarra Colonna laid violent -hands
on His Holiness, being with difficulty restrained from actually
murdering him (1303) In 1347 the Colonna, at that time almost
an independent power, were defeated by Cola di Rienzi, but soon
recovered. Pope Martin V. (1417-1431) was a Colonna, and con-
ferred immense estates on his family, including Marino, Frascati,
Rocca di Papa, Nettuno, Palinao, etc., in the Campagna, and other
fiefs in Romagna and Umbria. Their goods were frequently con-
fiscated and frequently given back, and the house was subject to
many changes of fortune; during the reign of Pope Alexander VI.

they were again humbled; but they always remained powerful and-

important, and members of the family rose to eminence as gener-
als, prelates and statesmen in the service of the Church or other
powers. In the war of 1522 between France and Spain there were
Colonna on both sides, and at the battle of Lepanto (r571) Marc
" Antonio Colonna, who commanded the papal contingent, greatly
distinguished himself. A detailed record of the Colonna family
would be a history of Rome. To-day there are three lines of Col-
onna: (1) Colonna di Paliano, with two branches, the princes and
dukes of Paliano, and the princes of Stigliano; (2) Colonna di
Sciarra, with two branches, Colonna di Sciarra, princes of Car-
bagnano, and Barberini-Colonna, princes of Palestrina; and (3)
Colonna-Romano. The Colonna palace, one of the finest in Rome,
was begun by Martin V. and contains a valuable gallery.

BIBLIOGRAPHY.—AImanach de Gotha (1775, etc.) ; A. von Reumont,
Geschichte der Stadt Rom. (1868), containing an elaborate account of
the family; F. Gregorovius, Geschichte der Stadt Rom in Mittelalter,
8 vols. (Stuttgart, 1859—72 trans. from the 4th Ger. ed. by G. W.
Hamilton, 8 vols. 2nd ed. rev. 1900-09) ; A. Norvack, Die Reichsgrafen
Colonna Freiherrn von Fels (Gross-Strehlitz, 1902); L. Ross, Die
Colonna, 2 vols. (Leipzig, 1912).

COLONNA, VITTORIA (1490-1547), marchioness -of
Pescara, Italian- poetess, daughter of Fabrizie Colonna, grand
constable of the kingdom of Naples and of Anna da Montefeltro,
was born at Marino, a fief of the Colonna family. She married at
19 Ferrante de Avalos, marquis of Pescara, who was subsequently
a noted captain of Charles V., and who died of wounds at Milan
in 1525. During their long separation they corresponded with

“each other in passionate terms in prose and verse. After her
husband’s death, Vittoria lived at Ischia where she composed the
first of the Rime spirituali that are a characteristic feature of her
poetic genius. In 1539 she was living in Rome, and was the ob-
ject of a romantic friendship on the part of the ageing Michel-
angelo. Among her other friends were Cardinal Reginald Pole,
Contarini, Cardinal Bembo and Baldassare Castiglione. Her
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amatory and elegiac poems were printed at Parma in 1538; a
third edition, containing 16 of her Rime spirituali, was published
at Florence soon afterwards; and a fourth was printed at Venice
in 1544.

BieriocrAPHY.—A great deal has been written about Vittoria
Colonna, but perhaps the best account of her life is A. Luzio, “Vit-
toria Colonna” in the Rivista Storica Mantovana, vol. i.. (Mantua,
1885) ; A. von Reumont, Vittoria Colonna Vita, fede e poesia, (Italian
revised ed., Turin, 1883), and Amy A. Bernardy, La vita e Popere di
Vittoria Colonna (Florence, 1927) are also excellent. For English
readers M. Roscoe, Vittoria Colonna (1868) and the biography by
M. F. Jerrold (London, 1906) may be recommended. The best edi-
tion of her Rime e lettere is by G. E. Saltini (Florence, 1860). See
also D. Tordi and G. Sassi, “Michelangelo e Vittoria Colonna,” Nuova
Rivista Storica, X, 478 ff. (1926).

COLONNADE, in architecture, a row of columns. When a
colonnade completely surrounds a building or a court-yard, it is
known as a peristyle (g.v.). When it projects as a separate motif
or as an entrance porch, it is called a portico (¢.v.). Colonnades
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BY COURTESY OF (A) ARCHITECTURAL FORUM; (B) SWEDISH STATE RAILWAYS
TWO EXAMPLES OF THE COLONNADE SHOWING (ABOVE) THE PURELY
DECORATIVE TYPE AND (BELOW) ITS USE AS COVERED PASSAGEWAY

were frequently used in the Hellenistic period to line the streets
of towns in Syria and Asia Minor, and this custom spread
throughout the Roman empire; the c1ty of Rome was particularly
rich in examples of this usage.

COLONNE, EDOUARD (1838-1910), French conductor
of Italian origin, was born at Bordeaux on July 23, 1838. He be-
gan to earn his living when he was eight years old, but later was
able to study at the Paris Conservatoire, and from 1858-67 was
first violin at the Opéra. In 1873, with the music publisher Hart-
man, he established a series of concerts which were devoted more
especially to the production of modern French works. Subse-
quently he continued the concerts alone on the basis of an asso-
ciation of artists supported by the general public, and under the
name of the Concerts Colonne they acquired great fame and pop-
ularity. Colonne conducted also at the Opéra, and appeared
further in London and other European centres. The Concerts
Colonne were of great value to French music because of the large
number of new works by Lalo, Dubois, Franck, Reyer, and other
modern French composers which were given at them for the first
time. Much attention was given also in their programmes to Ber-
lioz, whose works were frequently performed, in many cases after
long-continued neglect. Colonne died in Paris on March 28,
1910.

COLONSAY : sece HeBriDES.

COLONY, a term denoting the settlement of the subjects of
a State beyond its territorial limits. It is applied by usage to a
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group of the subjects of one sovereign State living within the
bounds of another, and, in this sense, most of the European coun-
tries have “colonies” in London. By a variant of this usage the
term is applied also to groups of persons of one original nation-
ality admitted as denizens to another State. Thus in the United
States there are many “colonies” or emigrants from European
powers. More strictly the term refers to (a) the settlement of the
subjects of a State in an area outside its geographical boundaries,
but within its administrative sphere; or (b) a territorial unit out-
side the limits of a State but closely associated with it by ties of
nationality, administration, economic interest or sentiment. The
first finds examples in the Teutonic colonies settled in the Baltic
provinces and in colonies of similar type but different nationali-
ties in the Balkan peninsula. The second and more general defi-
nition covers all the variations of colony connected with those
States which are commonly described as “colonial powers.”

Early Period.—The history of colonization in the European
sphere is generally opened with the activities of the Phoenicians
on the Mediterranean sea-board. At first from Tyre, and later
also from Carthage, the Phoenicians founded a series of settle-
ments among the islands and along the North African. coast.
Their establishment was due to the necessities of trade expansion,
and they remained trading-posts of the type which became gen-
eral in a later age in the history of European contact with the
East. v .

The next colonizing power in this region was Greece. In this
case the character of the colonies and the motives of their estab-
lishment were more diverse, and present many points of compari-
son with modern colonization. Some were, like the Phoenician
colonies, outposts for trade; but desire for adventure, political
discontent and the pressure of population all contributed to the
exodus from the city-states, as they did later to emigration from
Britain. The system of government in these colonies was of a
kind less familiar in modern times. All the Greek colonies, except
those founded by Athens, were independent of the parent State,
bound to it only by economic or military advantage or by senti-
ment; and this independence was, moreover, assumed from the be-
ginning, in contrast to the slow growth of autonomy in the British
dominions.

The Roman colony was again of a different type. The expansion
of'Rome was by land, and its method was by conquest, and its
modern parallel is to be found in the Balkans or the Baltic
rather than among the colonies of “colonizing powers.” The
Roman colonies of Imperial Rome were settlements within a prov-
ince, with certain characteristics and privileges, and were primarily
centres for the spread of Roman influences in civilization and
culture.

Between the downfall of Rome and the great expansion of
Europe in the 15th and 16th centuries, the chief exponents of
colonization were the city-states of the Italian sea-board. Both
Genoa and Venice planted colonies in the 12th and 13th centuries
along the Spanish and Barbary coasts, in Dalmatia and among the
Greek islands. Like the Phoenician settlements these were mainly
out-posts for trade, though the grant of land to the great Venetian
families in Dalmatia and the islands offers a closer approximation
to modern colonizing methods.

The Period of World Colonization.—These Italian settle-
ments ended the period of colonization in which the Mediterra-
nean was the centre. Henceforth the history of colonization
pivoting about the Atlantic, Indian and (later) Pacific Oceans,
came to imply the spread of European influence in the non-
European world. Before the end of the first half of the 16th
century, the Spanish empire had grown up in Central and South
America, at Cuba and Hispaniola among the islands and in New

Spain and Peru on the mainland. By that time too Portugal had
" established her claim to Brazil, and had set her mark on the west
coast of India and in the Spice islands. France, England and the
Dutch followed close upon them, wresting from Spain and Portu-
gal their early monopoly and founding new colonies in North
America and the West Indies and trading settlements on the
African coast and in the East. The Danes and the Swedes took
part also in this wave of expansion, but the west European powers
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kept their leadership throughout the 17th and 18th centuries.

The motives of colonization in this period included most of
those which had Ied to earlier activities. The increase of trade
was perhaps the most important factor, but desire for adventure
and the force of religious or political discontent explained much
of the emigration. The proselytizing zeal of Portugal and Spain
was also of some importance, while the whole movement gained
strength and persistence from international rivalries. Colonies
changed hands as the result of European wars; the Dutch suc~
ceeded Portugal in the Spice islands, and England struggled with
France for trading predominance on the African coast and in
India, while the French colonies of Canada .and certain West
Indian islands passed to English control. Trade was the most im-
portant consideration for all these colonizing powers, and all fol-
lowed the lead of Spain and Portugal in seeking a monopoly of
their colonial products. They met  with varying success. Both
the competition and the colonies grew rapidly in the 17th century,
and two factors came to determine the measure of the success of
the parent State: sea-power was needed to ward off interloping
rivals, and cargoes of manufactured goods to supply the colonists’
demands. Spain lacked both in the 17th century; Holland could
not compete with France or England, and these two were left
as the chief protagonists in the colonial struggle. /

The government of the colonies had another feature in common
besides the principle of trade monopoly, for the tendency in all
States was to reproduce in their outlying parts their own constitu-
tional system. This was less marked in the case of Spain than in
that of France or England; but while the Spanish king ruled the
Indies, as he did Spain, as part of a medley of dominions which
had little uniformity of government, yet in many details he fol-
lowed Spanish procedure. France introduced into Canada the sys-
tem of legislation by royal edict registered in local parlements and
the reliance on intendants for maintaining local government;
while the English colonies possessed legislative assemblies which
reproduced the spirit and the forms of Stuart parliaments.

The 19th and 20th Centuries.—This period of colonization
ends with the close of the 18th century. The economic changes
which formed the Industrial Revolution (g.v.) destroyed the eco-
nomic basis of the colonial system, and the revolutionary era in
Europe was accompanied by a movement for colonial freedom.
The United States started the change, and were followed by the
revolt of Central and South America and the ruin of the empires
of Spain and Portugal. g

Alone among the colonizing powers Britain carried forward
some of her colonial traditions to the new age. The early years of
the 19th century saw the expansion of Canada and the growth of
new colonies in Australia, South Africa and New Zealand. The
great emigration of the middle years of the century, and the in-
creasing demand of industrial England for food-stuffs and raw
materials transformed these colonies into great dominions who
could support a quasi-national status. At the same time trading
interests led to the expansion of control in tropical and semi-
tropical regions and the establishment of new “crown colonies”
under the administration of the Colonial Office. International
rivalry re-appeared in the last quarter of the 1gth century. French
colonization on the south side of the Mediterranean and inland
penetration from the west coast led to the growth of French con-
trol over a large part of North Africa, while Spain and Italy later
extended their interests in the same region. At the end of the
century Germany started- her colonial period. The partition of
Africa followed, with its welter of delimiting treaties and its
multiplication of the types of colony, protected areas, and spheres
of influence. The struggle for Pacific islands and trading posts in
China accompanied this process, and the United States appeared
as a colonizing power. The World War brought some readjust-
ment in the distribution of colonies, and added the new class of
“mandated territories” to the existing types.

The developments of the last 50 years seem to be leading to a
new limitation of the word “colony,” at least in Britain. The great
dominions have acquired most of the characteristics of inde-
pendent States and have to a great extent abandoned the use of
the term “colony” as applicable to themselves. It is being
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restricted, therefore, in general use to those regions to which rights
of self-government have not yet been granted. (See also BRITISH
EypIre; ArricA; MANDATE.) (L. M. P.)
COLOPHON, an ancient city of Ionia, situated inland about
15 m. N. of Ephesus. Its port was at Notium or New Colophon.
The site, now called Tracha, lies near Diermendere, 5 m. S. of
Develikeui. Excavations, commenced during 1922, were inter-
rupted by the Turkish reconquest of Asia Minor. Colophon was
a very flourishing city in the great period of Ionia. It was the
mother-city of Smyrna; it was ruled by a timocracy (oligarchy of
wealth) which provided a famous troop of cavalry. It was famous
for its luxury, imitated from the Lydians. It claimed to have
produced Homer, but its greatest genuine literary names were
Xenophanes and Mimnermus. The first shock to its prosperity
was the sack by Gyges of Lydia in 665 B.c. It declined in favour
of Notium until in 287 Lysimachus transferred a part of the
population to his new city at Ephesus.
Notium contained the important shrine of the Clarian Apollo.
COLOPHON, a final paragraph in some manuscripts and
many early printed books (see Booxs), giving particulars as to
authorship, date and place of production, and sometimes express-
ing the thankfulness of the author, scribe or printer on the com-
pletion of his task. Thus the Guillermus, who made a famous col-
lection of sermons on the gospels for Sundays and saints’ days,
records its completion in 143% and submits it to the correction of
charitable readers, and Sir Thomas Malory notes that his Morte
&’ Arthur “was ended in the ix yere of the reygne of Kyng Edward
the fourth,” and bids his readers “praye for me whyle I am on lyue
that God sende me good delyuerance, and whan I am deed I praye
you all praye for my soule.” The earliest printed paragraph of
this kind is that which Fust and Schoeffer printed at the end of
their famous psalter of 1457 in red ink: Presens spalmorum. (sic
for psalmorum) codex venustate capitalium decoratus Rubrica-
tionibusque sufficienter distinctus, Adinuentione artificiosa im-
primendi ac caracterizandi absque calami vila exaracione sic effi-
giatus, Et ad eusebiam dei industrie est consummatus, Per Iohan-
nem fust civem maguntinum, Et Petrum Schoffer de Gernszheim
Anno domini. Millesimo. cccc. lvii. in vigilia Asswumpcionis. In
the Vienna copy of this and in their Latin Bible of 1462 they
added a device of two shields at the end of the paragraph, and this
addition was widely copied. When a leaf or page was added to the
title of a book at its beginning the importance of these final para-
graphs slowly diminished, and the information they gave was
gradually transferred to the title-page. Complete title-pages bear-
ing the date and name of the publishers are found in most books
printed after 1520, and the final paragraph, if retained at all, was
gradually reduced to information as to the printer and date. From
the use of the word in the sense of a “finishing stroke” (from the
story that the final charge of the cavalry of Colophon was always
decisive) such a final paragraph as has been described is called
by bibliographers a “colophon,” but this name for it is quite possi-
bly not earlier than the 18th century. (A.W.P)
COLORADO, known as the “Centennial State” because of
its entrance into the Union in 1876, 100 years after the Declara-
tion of Independence, is a State of the United States of America,
situated between 37° and 41° N. lat. and 102° and 109° W. longi-
tude. The State is bounded on the north by Wyoming and
Nebraska, on the east by Nebraska and Kansas, on the south by
Oklahoma and New Mexico and on the west by Utah. It is the
seventh largest State in the Union, having an area of 104,247
sq.mi., of which 280 are water surface and 103,967 land.
Physiography.—Colorado embraces in its area a great variety
of plains, mountains and plateaux. It lies at the junction of the
Great Plains—which in their upward slant to the westward attain
an average elevation of about 4,000 ft. along the eastern boundary
—with the Rocky mountains, to the west of which is a portion
of the Colorado plateau. These are the three physiographic
provinces of the State. The Colorado plateau includes a number
of lofty plateaux—the Roan or Book, Uncompahgre, etc., which
form the eastern continuation of the high plateaux of Utah and
cover the western quarter of the State. Its eastern third consists
of rich, unbreken plains.

COLOPHON—COLORADO

On the western edge of these plains lies an abrupt, massive and
strangely uniform chain of mountains, known in the neighbour-
hood of Colorado Springs as the Rampart range, and in the
extreme north as the Front range, and often denominated as a
whole by the latter name. The upturning of the rocks of the
Great Plains at the foot of the Front range develops an interest-
ing topography, the harder layers weathering into grotesquely
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TO THE SUMMIT OF THE MOUNTAIN, 14,110 FT. ABOVE SEA LEVEL

curious forms, as seen in the famous Garden of the Gods at the
foot of Pikes peak. Behind this barrier the whole country is
elevated about 2,000 ft. above the level of the plains region. In
its lowest portions just behind the front ranges are the natural
“parks”—great plateaux enclosed by superb ranges. To-the west
of these and between them, and covering the remainder of the
State east of the plateau region, is an entanglement of mountains,
tier above tier, running from north to south, buttressed laterally
with splendid spurs, cut by river valleys and divided by mesas
and plateaux. These various chains are known by a multitude of
local names. Among the finest of the chains are the Rampart,
Sangre de Cristo, San Juan, Sawatch (Saguache) and Elk ranges.
The first, like the other ranges abutting from north to south
upon the region of the prairie, rises abruptly from the plain and
has a fine, bold outline. It contains a number of fine summits
dominated by Pikes peak (14,110 ft.). Much more beautiful as
a whole is the Sangre de Cristo range. At its southern end are
Blanca peak (14,363 ft.) and Old Baldy (14,125 {t.), both in
Costilla county. The mountains of the San Juan ranges of the
south-west are particularly abrupt and jagged. Most magnificent
of all the mountains of Colorado, however, are the Sawatch and
adjoining ranges in the centre of the State. The former (the
name is used a little loosely) consists of almost a solid mass of
granite, has an average elevation of probably 13,000 ft., presents
a broad and massive outline and has'a mean breadth of 15 to 20
miles. Mt. Ouray (13,955 ft.), in Chaffee county, may be taken
as the southern end, and the splendid Mount of the Holy Cross
(13,978 ft.), in Eagle county—so named from the figure of its
snow-filled ravines—as the northern. Between the two lie numer-
ous high peaks including Mt. Elbert (14,431 ft.), the highest
peak in the State. The Elk range is geologically interesting for
the almost unexampled displacement of the strata of which it is
composed and the apparent confusion which has thence arisen.
The most remarkable of its separate summits, which rise superbly
in a crescent about Aspen, is North Italian peak (13,225 ft.),
displaying the red, white and green of Italy’s national colours.
A few miles to the north and north-east of the Mount of the -
Holy Cross are Torrey peak (14,264 ft.) and Grays peak (14,274
ft.), in Summit county; Mt. Evans (14,259 ft.), in Clear Creek
county; and Rosalie peak (13,574 ft.), in Park county; a little
farther north, in Gilpin, Grand and Clear Creek counties, James
peak (13,259 ft.), and, in Boulder county, Longs peak (14,255
feet). Altogether there are at least 600 summits exceeding 12,000
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ft. in altitude; 300 above 13,000 and 50 above 14,000.

Cirques, valley troughs, numberless beautiful cascades, sharp-
ened alpine peaks and ridges, glacial lakes and valley moraines
offer everywhere abundant evidence of glacial action, which has
modified profoundly practically all the ranges. The Park range,
east of Leadville, and the Sawatch range are particularly fine
examples. Much of the grandest scenery is due to glaciation.

Among the most remarkable
orographical features of the State
are the great mountain “parks”—
North, Estes, Middle, South and
San Luis—extending from the
northern to the southern border
of the State, and lying (with the
exception of Middle park) just
east of the continental divide.
These “parks” are great plateaux,
not all of them level, lying be-
low the barriers of surrounding
mountain chains. North park,
the highest of all, is a lovely
country of meadow and forest.
Middle park is not level, but is
traversed thickly by low ranges
like the Alleghenies; ‘in the
bordering mountain rim are several of the grandest mountain
peaks and some of the most magnificent scenery of the State.
Estes park is small, only 20 m. long and never more than 2 m.
broad; it is in fact the valley of Thompson creek. By many it is
~ accounted among the loveliest of Colorado valleys. Seven ranges
lie between it and the plains. South park is similarly quiet and
charming in character. Much greater than these is San Luis park.
The surface is nearly as flat as a lake, and it was probably at one
time the bed of an inland sea. In the centre there is a long
narrow lake fed by many streams. It has no visible outlet, but
is fresh. The San Luis park, which runs into New Mexico, i$
traversed by the Rio Grande del Norte and more than a dozen
of its mountain tributaries. These parks are frequented by great
quantities of large game, and—especially the North and Middle—
are famous hunting-grounds. They are fertile, too, and their com-
bined area is something like 13,000 sq. miles.

The drainage system of the State is complicated. Eleven topo-
graphical and climatic divisions are recognized by the United
States Weather Bureau within its borders, including the several
parks, the continental divide and various river valleys. Of the riv-
ers, the North Platte has its sources in North park; the Colorado
(the Grand branch), in Middle park; the South Platte, in South
park; the Arkansas, in Lake county; and the Rio Grande in San
Luis park. Four of these flow east and south-east to the Missouri,
the Mississippi and the gulf; but the waters of the Colorado sys-
tem flow to the south-west into the Gulf of California. Among the
other streams, almost countless in number among the mountains,
the San Juan, Dolores, White and Yampa, all in the west, are
of primary importance. The scenery on the head-waters of the
White and Bear, the upper tributaries of the Gunnison and on
many of the minor rivers of the south-west, is wonderfully beauti-
ful. The South Platte falls 4,830 ft. in the 139 m. above Denver;
the Grand, 3,600 ft. in the 224 m. between the mouth of the Gun-
nison and the Forks; the Gunnison, 6,477 ft. in the 200 m. to its
mouth (except for 16 m., never with a gradient of less than 10
ft.) ; the Arkansas, 7,000 ft. in its 338 m. west of the Kansas line.
Of the smaller streams the Uncompahgre falls 2,700 ft. in 134 m.,
the Las Animas 7,100 ft. in 113 m., the Los Pinos 4,920 ft. 1n
75 m., the Roaring Fork 5,923 ft. in 64 m., the Mancos 5,000 ft.
in 62 m., the La Plata 3,103 ft. in 43 m., the Eagle 4,293 ft. in
62 m., the San Juan 3,785 ft. in 303 m., the Lake Fork of the
Gunnison 6,047 ft. in 59 miles. The canyons formed in the moun-
tains by these streams are among the glories of Colorado and of
America. The grandest are the Toltec gorge near the southern
boundary line, traversed:by the railway 1,500 ft. above the
bottom; the Red gorge and Rouge canyon of the Upper Grand,
and a splendid gorge 16 m. long below the mouth of the Eagle,
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CATHEDRAL SPIRES OF ROCK IN
THE GARDEN OF THE GODS, PART
OF THE MUNICIPAL PARK SYSTEM
IN COLORADO SPRINGS
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with walls 2,000~2,500 ft. in height; the Grand canyon of the
Arkansas (8 mi.) above Canon City, with granite walls towering
2,600 ft. above the boiling river at the Royal gorge; and the
superb Black'canyon (15 m.) of the Gunnison and the Cimarron.
But there are scores of others which, though less grand, are hardly
less beautiful. The exquisite colour contrasts of the Cheyenne
canyons near Colorado Springs, Boulder canyon near the city of
the same name, Red Cliff and Eagle River canyons near Red CIiff,
Clear Creek canyon near Denver—with walls at places 1,000 ft.
in height—the Granite canyon (11 m.) of the South Platte west
of Florissant, and the fine gorge of the Rio de las Animas (1, 500
ft.), would be considered wonderful in any State less rich in still
more marvellous scenery. Among the peculiar features of the
mountain landscapes are the mines. In districts like that of
Cripple Creek their enormous ore “dumps” dot the mountain
flanks like scores of vast ant-hills; and in Eagle River canyon
their mouths, like' dormer windows into the granite mountain roof,
may be seen 2,000 ft. above the railway.. More than a dozen
mountain passes lie'above ‘10,000 feet. Argentine pass (13,132 ft.),
near Grays peak, is one of the highest wagon roads of the world;
just east of Silverton is Rio Grande pass, about 12,400 ft. above
sea level, and.in the Elk mountains between Gunnison and Pitkin
counties is Pearl pass (12,715 feet). Many passes are traversed
by the railways, especially the splendid scenic route of the Denver
and Rio Grande Western, with a water-level route through the
Royal gorge of the Arkansas river. -Among the higher passes are
Hoosier pass (10,780 ft.) in the Park range; Hayden Divide
(10,780) and La Veta pass (9,378), both of these across: the
Sangre de Cristo range; the crossing of the San Miguel chain at
Lizard ‘Head pass (10,250) near Rico; of the Uncompahgre at
Dallas Divide (8,977) near Ouray; of the Elk and Sawatch
ranges at Fremont (11,320), Tennessee (10,424) and Brecken-
ridge (11,503) passes, and the Busk tunnel, all near Leadville;
and Monarch pass (11,302) above Salida.

The climate of Colorado is exceptional for regularity and
salubrity. The mean annual temperature for the State is about
45° F. Owing to the complex orography of ‘the State, few climatic
generalizations can be made. It may be said, however, that the
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south-east is the warmest portion, lying as it does outside the
mountains; that the north-central region is usually coldest; that
the normal yearly rainfall for the entire State is about 16-38 in.,
with great local variations (rately above 27 in.). Winds are
constant and rather high (5 to 10 m.), and for many persons
are the most trying feature of the climate. Very intense cold pre-
vails in winter in the mountains, and intense heat (110° F or more
in the shade) is often experienced in summer, temperatures above
90° being very common. - Nevertheless, the climate of Colorado
is not to be judged severe, and that of the plains region is in
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many ways ideal. In'the lowlands the snow is always slight and
it disappears almost immediately, even in the very foothills of
the mountains, as at Denver or Colorado Springs. However hot
the summer day, its night is always cool and dewless. Between
July and October there is little rain, day after day bringing a
bright and cloudless sky. Humidity is moderate (annual averages
for Grand Junction, Pueblo, Denver and Cheyenne, Wyo., for
6 A.M., about 50 to 66; for 6 P.M., 33 to 50). Sunshine is almost
continuous; for the whole state the average of perfectly “clear”
days is normally above 50%. Colorado, because of its lowness
of humidity and clarity of atmosphere, has many famous arid
health resorts.

The wide variation in climatic conditions is explained by the
fact that the altitude of the state varies from 3,385 ft. in the
bed of the Arkansas river at the Kansas line to 14,431 ft. at the
summit of Mt. Elbert.

Flora and Fauna.—The life zones of Colorado are simple in
arrangement. The boreal embraces the highest mountain altitudes;
the transition belts it on both sides of the continental divide; the
upper Sonoran takes:in about the eastern half of the plains region
east of the mountains, and is represented further by two small
valley penetrations from Utah. Timber is confined almost wholly
to the high mountain sides, the mountain valleys and the parks
being for the most part bare. Nowhere is the timber large or
dense. The timber-line on the mountains is at about 10,000 ft.,
and the snow line at about 11,000 feet. It is supposed that the
forests were much richer before the settlement of the state,
which was followed by reckless consumption and waste and the
more terrible ravages of fire. In 1872-76 the wooded area was
estimated at 329 of the state’s area. It is certainly much less
now. The principal trees, after the yellow and lodgepole pines,
are the red fir, so-called hemlock and cedar, the Engelmann spruce,
the cottonwood and the aspen (Popuius tremuloides). In 1899
Federal forest reserves had been created aggregating 4,849 sq.mi.
in extent, and by 1940 this had been increased to 21,300 sq. miles.
These national forests cover altitudes of 7,000 to 14,000 feet.

Large game is still found in limited numbers west of the con-
tinental divide. The great parks are a favourite range and shelter.
Deer and elk frequent the mountains of the entire western part
of the state, and are almost equally numerous in the higher eleva-
tions on the eastern slope. The bison have been exterminated.
Considerable bands of antelope live in the parks, and even de-
scend to the eastern plains, and the mule deer, the most common
of large game, is found through the mountains of the state.
Grizzly or silver-tip, brown and black bears are found in the same
regions. Rarest of all is the magnificent mountain sheep. Strict
game laws have resulted in increasing the numbers of deer and elk
and in preventing the extermination of birds and other small
game. Millions of trout are planted annually in the mountain
streams, and bass, catfish and crappies in the waters of the
lower plains.

S0il.—The soils of the lowlands are prevailingly sandy loams,
with a covering of rich mould. The lands available for agriculture
are the lowlands and the mountain parks and valleys. Cultivation
is not intensive. Speaking generally, irrigation is essential to suc-
cessful cultivation, and where it is practicable the soil proves
richly productive. Irrigation ditches having been exempted from
taxation in 1872, extensive systems of canals were soon developed,
especially after 1880. The constitution of Colorado declares the

waters of its streams to be the property of the state, and a great -

body of irrigation law and practice has grown up about this provi-
sion. The riparian doctrine does not obtain in Colorado. In no
other part of the semi-arid region of the country are the irrigation
problems so diverse and difficult. In 1940 investments in irrigation
works for 3,400,000 ac. totalled $100,000,000. There are irrigated
lands in most of the counties. Except for the fact that quantities
of water diverted for irrigation-return to the streams through
underground channels, both the Arkansas and the South Platte
would be dry at the state line. To end litigation and secure the
best possible use of available waters, Colorado has compacts with
some of the neighbouring states for a division of river waters,
similar to the compact between the United States and Mexico cov-

COLORADO

ering the Rio Grande river. Most
| important among recent irriga-
tion developments is the con-
struction of a 13-mi. tunnel un-
der the continental divide, which
will bring annually to the valley
’ of the South Platte, most inten-
Y sively farmed area in the state,
320,000 ac.ft. from the headwat-
ers of the Colorado river at
Grand lake. This tunnel, with ac-
companying compensatory stor-
age and power plants, totals $50,-
000,000 in cost. Its effect will be
to bring security to a rich, irri-
gated area without. injuring the
region from which the water is
taken, and to provide firm and
cheap electric power. Colorado
has two large federal reclamation
projects—the Grand valley and
the Uncompahgre, both on the western slope. The parks and moun-
tain valleys are largely given over to ranges. The native grasses
are especially adapted for fodder. The grama, buffalo, and bunch
varieties cure on the stem and furnish throughout the winter an
excellent range food. These native grasses, even the thin bunch
varieties of dry hills, are surprisingly nutritious, comparing very
favourably with cultivated grasses. Large areas temporarily de-
voted to cultivation with poor success, and later allowed to revert
to ranges, have become prosperous and even noted as stock coun-
try. This is true of the sand-hill region of eastern Colorado. The
grass flora of the lowlands is not so rich in variety nor so
abundant in quality as that of high altitudes.
Minerals.—Colorado was primarily a mineral region, and to
this fact it owes its colonization. It possesses unlimited supplies,
as yet not greatly exploited, of fine building stones, some oil and
asphalt and related bituminous products, a few precious and
semi-precious stones (especially tourmalines, beryls and aqua-
marines found near Canon City and the Royal gorge of the Arkan-
sas river), rare opalized and jasperized wood (in the eastern part
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of El Paso county), considerable wealth of lead and copper,
enormous fields of bituminous coal and great wealth of the
precious metals. In the exploitation of the last there have been
three periods: That before the discovery of the lead-carbonate
silver ores of Leadville in 1879, in which period gold-mining was
predominant; the succeeding years until 1894, in which silver-
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SCENES IN THE COLORADO ROCKY MOUNTAINS
1. Sandstone spires, in the Garden of the Gods, near Colorado Springs, 4. The Gateway Rocks, which form the entrance to the Garden of the Gods.
70 m. south of Denver. This tract, oyvned by the city of Colorado Near top, at left, the “Kissing Camels”
Springs, includes some 500 acres of ridges and grotesque shapes of 5 Herd of sheep returning to corral. The Maggie Gulch sheep ranch, in
brightly coloured sandstone the Rocky Mountains, near Silverton
2. Lariat Trail, so called from its lariat-like twists and turns. The trail 6. Silverton, about 200 m. southwest of Denver. It has been noted for its
ascends to the crest of Lookout Mountain, near Denver

lead and silver production. Entirely surrounded by mountains, it is
3. Looking into the valley of Estes Park, at the eastern entrance to the popular for winter and summer sports
Rocky Mountain Park, about 70 m. northwest of Denver
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PHOTOGRAPHS, (1) O. ROACH, DENVER,

(2) INTERNATIONAL NEWSREEL, (3, 4, 5, 6) EWING GALLOWAY

CITIES AND MINING CENTRES OF COLORADO
5. A street in Black Hawk, 55 mi. west of Denver. Founded during the

1. From the state capitol, Denver, Colorado, looking across the civic
centre toward the Rocky mountains great immigration of 1859, it is one of the oldest mining towns of
2. Air view of Denver, capital of the state Colorado
3. Gold mines at Cripple Creek, at the geographical centre of Colorado. 6. View of Telluride. Since the comparative exhaustion of Alaskan sources
of gold supply, the mines of Colorado have become especially valuable

Gold was first discovered there in 1891
4. Gold mine and stamp-mill, near Telluride, about 200 mi. S.W. of Denver
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mining was predominant; and ‘the period since 1894, in which
gold has attained the primacy. The two metals are found in more
than 50 counties, San Miguel, Boulder, Eagle, Clear Creek, Park,
San Juan and Teller being the leading producers. The Cripple
Creek field in the last-named county was one of the most wonder-
ful mining districts of America. Leadville, in Lake county, was
another. The district about Silverton (product 1870-1939 about
$108,250,000, principally silver and lead, and mostly after 1881)
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Women have served in the legislature and in.many minor offices.
The governor may veto any separate item in an appropriation
bill. The state treasurer and auditor may not hold office for two
consecutive terms. Popular initiative and referendum were intro-
duced in 1910, recall of officials in 1912. County government is
of the commissioner type. ’
By constitutional amendment in 1902 the city and county of
Denver were established, with authority in the electorate to estab-
lish by charter such form of government as they desired. Follow-

NET TONS ing many experiments, the present government provides for a
L mayor with broad powers, four appointed departmental managers
12,000,000 ¥ and a council with legislative authority, only the auditor and the
school authorities being elected independently.
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also had a remarkable development; and Creede, in the years of
its brief prosperity, was a phenomenal silver-field.

'The stratified rocks of the Great Plains, the parks and the
plateaus contain enormous quantities of coal. The coal-bearing
rocks are confined to the Upper Cretaceous, and almost wholly to
the Laramie formation. The main areas are on the two flanks
of the Rockies, with two smaller fields in the parks. The east
group includes the fields of Canon City (whose product is the
ideal domestic coal of the western states), Raton and the South
Platte; the park group includes the Cones field and the Middle
park; the west group includes the Yampa, La Plata and Grand
river fields. The total includes every variety from typical lignite
to typical anthracite. The aggregate area of beds is estimated
by the United States Geological Survey at 19,750 sq.mi. (seventh
in rank of the states of the union).: The industry began in
1864. Production reached its peak in 1918, when 12,658,000 tons
were produced, but natural gas and other factors brought about
a gradual reduction to about 6,000,000 tons in 1939.

“Mineral springs are numerous and occur in various parts of the
state. The most important are at Buena Vista, Ouray, Wagon
Wheel Gap, Poncha or Poncha Springs (80°-168° F.), Canon City,
Manitou, Idaho' Springs and Glenwood Springs (106°-125° F.,
highly mineralized). The last three places, all beautifully situated
—the first at the base of Pikes peak, the second in the Clear creek
canyon, and the third at the junction of the Roaring Fork with
the Grand river—have an especially high repute.

Government.—The first.and only state constitution of Colo-
rado was adopted in the year 1876. It requires a separate popular
vote on any amendment—though. as many as six may be (since
1900) voted on at one election. Amendments have been rather
freely adopted. The general assemblies are biennial, sessions not
limited, average about 110 days; state and county elections are
held at the same time (since 19o2). A declared intentiorn. to become
a United States citizen ceased in 1902 tc be sufficient qualification
for voters, full citizenship (with residence qualifications) being
made requisite. An act of 19og provides that election campaign ex-
penses shall be borne “only by the state and by the candidates”
and authorizes appropriations for this purpose. Full woman suf-
frage was adopted in 1893 (by a majority of about 6,000 votes).

BY COURTESY OF THE U.S. BUREAU OF THE CENSUS
URBAN AND RURAL POPULATION OF COLORADO, 1860-1940

in cities of 2,500 or. more. The number of occupied dwelling
units returned in the housing census of 1940 was 316,112, which
is approximately the same as the number of families. The average
population per family (occupied dwelling unit) declined from
3-9 in 1930 to ‘3.6 in 1940. The white population of Colorado
(including Mexicans) formed 98:5% of the total in 1940. The .
population of the state and of its principal cities is summarized
for recent censuses in the following table:

. Percent of
Area Population increase
1940 1930 1920 193040 | 1920-30

The State 1,123,296 | 1,035,791 030,629 84 10°2

Urban 590,756 510,882 | 453,250 136 147

Rural . . . . 532,540 515,000 486,370 32 61

Percent urban . . 526 502 482 . ..

Principal cities:

Denver . 322,412 287,861 256,491 120 12-2

Pueblo. . . 52,162 50,096 43,050 41 16:4

Colorado Springs 36,789 33,237 30,105 107 1074

Finance and Education.—The general assessment valuation
of taxable property in 1939 was $1,114,278,000, on: which there
was a state levy of 4-4 mills, including 1-18 mills levied"in 1937
for ‘a 10-year period for new buildings at state institutions.
Principal sources of revenue in addition to property taxes in-
clude taxes on sales, services, incomes, liquors, inheritances,
corporations and motor fuel, and federal aid. State disbursements
for public welfare, including old-age pensions and direct relief,
were $20,000,000° in 1940. Colorado has the highest old-age
pension program in the United States. Disbursements for highway
construction ‘in 1939, including federal aid, were $i2,200,000.
Total bonded indebtedness of the state and its subdivisions at
the beginning of 1940 was as follows: state, $3,257,700; Moffat
tunnel district, $15,470,000; counties, $1,758,000; cities and
towns—general, $49,124,000; special, $9,572,000; school dis- -
tricts, $21,528,000, .

The public-school system of Colorado dates from 1861, when a
school law was passed by the territorial legislature; this law was
superseded by that of 1876, which with subsequent amendments is
still in force. In expenditure for the public schools per head of
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total population, Colorado is sixth in rank of the 48 States. The
school population in 1938 was 312,845, of whom 233,141 attended
school. The total number of teachers was 9,590, and of school
buildings 2,905. The average number of days attended per year
per pupil enrolled was, in 1938, 138-3, an increase from 93.4 in
19oo. The total expenditure for public schools in 1938 was
$23,017,216, $98.72 per head. The income of the permanent
school fund, derived from federal land grants, is annually appor-
tioned among the districts. The remainder of the school funds, and
by far the greater amount, is raised by local tdaxation. Only 2-8%
of the population ten years of age and over were listed as illiterate
in the census of 1930. The percentage of illiterates among the
native whites was o0-8: among the foreign-born white, 8.6; and
among the Negroes 3.9. The state institutions are: The University
of Colorado, at Boulder (opened 1877); the School of Mines, at
Golden (1874); State College of Agriculture and Mechanic Arts,
at Fort Collins (1879); State College of Education, at Greeley
(1889); Western State college, at Gunnison (1909) ; Adams State
Teachers college, at' Alamosa (1925); and a school at Colorado
Springs for the deaf and blind. All are supported by special taxes
and appropriations—the Agricultural college receiving also the
usual aid from the federal government. Experimental stations in
connection with the Agricultural college are maintained at different
points.

Institutions of higher education, other than those supported
by the state, are: Colorado college at Colorado Springs; Uni-
versity of Denver, Colorado Woman’s college, and Regis college,
all at Denver; and Loretto Heights college at Loretto. The United
States maintains an Indian school at Towaoc.

Of charitable and reformatory institutions, a soldiers’ and
sailors’ home is maintained at Monte Vista, an insane hospital at
Pueblo, a home for dependent and neglected children at Denver,
homes for mental defectives at Ridge and Grand Junction, an
industrial school for girls near Morrison, and for boys at Golden,
a reformatory at Buena Vista and a penitentiary at Canon City.
Denver was one of the earlier cities in the country to institute
special courts for juvenile offenders, a reform that is widening in
influence and promise. :

The parole system is in force in the state reformatory, and in
the industrial school at Golden (for youthful offenders) no locks,
bars or cells are used, the theory being to treat the inmates as
“students.” The state has a parole law and an indeterminate-
sentence law for convicts.

Industry, Trade and Transport.—In the decade 1910-20
agriculture displaced mining as Colorado’s most important in-
dustry. The number of farms in 1935 amounted to 63,644 ; their
total area amounted to 29,978,472 acres, and their average size
increased by 1935 to 471.2 acres. The value of all farm lands
and buildings amounted to $418,757,555. Reports for 1935 indi-

10.4% 22.3% 11.7% 11.9%

TGAR
355

BEET
19

CANTALOUPES
(1933)

MINING MACHINERY
(1929)

GOLD

(1934)
GRAPH SHOWING PERCENTAGE PRODUCED IN COLORADO OF THE TOTAL
OUTPUT OF CERTAIN COMMODITIES IN THE UNITED STATES

cated increased numbers of farms but decreased acreage in farms,
capital valuations and values of products, as compared with the
1930 figures. The farm population decreased between the years
1930 and 1935 from 282,827 to 276,198. Less than one-half of
the farms are operated by managers or tenants. Irrigation is
extensively used throughout the main agricultural areas. The
acres actually irrigated increased from 2,792,032 in 1910 to 3,393,~
619 in 1930. Organized drainage enterprises, most of them having
been rendered necessary by faulty irrigation, had affected, in 1930
366,719 ac., at a cost of $4,358,866. According to the 1935 cen-
sus of agriculture, 4,961,000 ac. of the farms were in crops; the re-
maining acreage was in pasture or idle under provisions of the
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Agricultural Adjustment administration. The severe drought in
1934 caused production of crops to fall to the lowest point in 25
years; only 3,947,390 acres were harvested. The principal 1935

farm crops were:

Crops Acreage Production Farm Value
$

All Crops . 4,961,000 .. 62,693,000
Corn . 1,266,000 10,761,000 bu. 7,102,000
Wheat 553,000 6,532,000 bu. 5,885,000
Oats . 160,000 4,480,000 bu. 1,532,000
Barley 321,000 6,420,000 bu. 2,825,000
Potatoes 100,000 18,000,600 bu. 9,540,000
Tame Hay. 1,069,000 1,712,000 tons 11,128,000
Wild Hay . 354,000 354,000 tons 2,124,000
Dry Beans 435,000 | 117,400,000 lbs. 3,003,000
Cantaloupes 6,240 1,030,000 crates 772,000
Apples .. 1,590,000 bu. 1,007,000
Peaches ' 1,276,000 bu. 1,021,000
Cherries .. 4,662 tons 233,000
Sugar Beets 140,000 1,826,000 short tons 10,600,000

On Jan. 1, 1935, there were 312,000 horses; 22,000 mules; 1,439,
ooo cattle; 2,736,000 sheep and 273,000 swine on the farms of
Colorado.

As in the case of agriculture, the mining industry in Colorado
was hard hit by the economic depression beginning in 1929; by
1934, however, a marked revival of production had set in. Colo-
rado, with mineral products valued at $60,403,000 in 1938 ranked
r5th among the states, producing 1-52% of the total value for the
United States. Colorado, which ranks seventh among the states
in coal production, had an output in 1939 of 5,991,022 tons, worth
approximately $15,816,000. Coal has long been the state’s most
valuable mineral product. In 1938 with an output valued at
$13,136,100, Colorado ranked fifth among the- states in gold
production. It was third for silver, with output worth $5,046,000,
and seventh for lead and for zinc. The production of lead and of
zinc in 1938 had dropped to $869,800 and $437,100, respectively.
Petroleum production dropped from 2,750,060 bbl. in 1928 to
908,504 in 1933; by 1938 it had picked up to 1,448,600 bbl. valued
at $1,594,700. Brick and other clay products in 1935 had a
value of $1,393,000.

A marked influence on Colorado’s economic life is found in the
existence of large forested and mountain areas and the consequent
establishment of forest reserves and national parks. There were
in 1940, 13,638,381 ac. in national forests, and there were two
national parks and six national monuments. Timber supplies,
grazing 'for stock, irrigation and hydro-electric power are im-
portant. The tourist business is a leading industry- of the state.

From 1900 to 1920 the number of manufacturing establishments
in Colorado nearly doubled, the number of persons engaged
more than doubled, and the capital invested increased 225%.
In 1937 there were, according to the U.S. census of manufactures,
1,233 industrial establishments, employing 25,932 wage earners,
with products valued at $237,838,370. Beet-sugar manufacturing
has been the chief industry since 1914. There were 16 operating
plants in 1937, which manufactured sugar amounting to 303,000
short tons.. Other important industries were: Slaughtering and
meat packing $39,806,000; flour and other grain-mill products
$10,299,600; construction and repairs in steam railway shops
$5,890,209; butter, cheese and condensed milk products $8,890,-
100; bakery products $11,844,000; and printing and publishing
newspapers and periodicals $9,471,500. Denver, the chief indus-
trial centre, had 610 manufacturing establishments and products
valued at $115,847,600. ’

The state is well supplied with railway mileage in spite of its
rugged topography. In the year 1939 there were 4,868 mi. of
main line railways in operation—a decline from the 5,724 mi. in
operation in 1915. - The Denver Pacific, built from Cheyenne,
Wyo., reached Denver in June 1870, and the Kansas Pacific, from
Kansas City, in August of the same year. Then followed the
building of the Denver and Rio Grande (1871), to which the
earlier development of the state is largely due. The Santa Fe
(1873), Burlington (1882); Missouri Pacific (1887) and Rock
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Island (1888) systems reached Pueblo, Denver and Colorado

Springs successively from the east. The Colorado and Southern, |

a consolidation of roads connecting Colorado with the south, and
the Denver and Salt Lake have also become important The
electric railway systems, operated by eight companies, had in
1937 a total of 267 mi. of track.

There were 12,202 mi. of highway in the State system at the
end of 1939. Of this amount 8,272 mi. were surfaced; there were
also 8,466 mi. of“’surfaced'county‘ roads. The total number of
motor vehicles registered in the year 1939 was 344,838, of which
312,847 were passenger cars, buses and taxis. Motor licence fees
and a gasoline tax of five cénts per gallon are the chief sources of
highway revenue.

HISTORY'

Colorado was acquired by the United States in three successive
waves of westward expansion.' The portion north of the Arkansas
river and east of the meridian of its head was acquired by the
Louisiana Purchase (g.v.) in 1803, but its exact boundary was
not established until 1819, when the western boundary of the
United States was incorporated in the treaty with' Spain. The

boundary of the United States was extended farther westward |

in 1845, with the admission of Texas. By a-boundary adjustment
between that State and the Federal Government in 1850, a strip of
territory between the Rio Grande river and the present boundaries
of Texas became a part of the pubhc domain. The terrltory west
of the Rio Grande was included in the Mexican cession of 1848.

Before the coming of the white men two types of Indians in-
habited the country. The southern and south-western parts of the
State were occupied by the cliff-dwellers, a sedentary, agricultural
people. On the pldins and to'the northward dwelt the Utes and
other nomadic, hunting tribes. Only a few of the pueblos and
cave dwellings remain to commemorate the Indian culture of the
south-west.

Early Explorers and Fur-traders.—The ﬁrst Europeans to
enter the bounds of the State were Spaniards who came in from
Mexico to seek their fortune or to christiarize the savages. It is
tolerably certain that Coronado . éntered Colorado . territory in
1540 in search of the fabled “Seven Cities of Cibola.” Almost
a decade before the founding of the first English settlement in
America, a Spanish adventurer, Juan de Ofiate, planted a colony
on the Rio Grande, and seven years later founded Santa Fe (g.v.),
the second oldest city in the United States. Through the 17th
century expeditions were made by small bands of Spaniards in
almost every direction from the settlements on the Rio Grande,
and the mountains of Colorado must have become a familiar sight
to them. The next explorer supposed to have entered the country
was Juan Maria Rivera, who, with several companions, prospected
on the Rio San Juan and is thought to have gone as far west and
north as the valley of thé Gunnison. There are meagre records
of ‘indisputable Spanish exploration in 1776, in what is now the
southern part of the State, by the friars Escalante and Dominguez
who were in search of a route to northern California. Fur traders
were the next to enter the country. In 1799 Jean de la Maison-
neuve and a Swiss named Preneloupe, while trading on the Upper
Missouri, decided to visit the mountain country to the west and
on July 20, 1799, arrived at the present site of Denver. It was
also the fur trade that took the first American, James Purcell, into
the Colorado region in 1803. In 1806 Zebulon M. Pike, mapping
the Arkansas and Red rivers of the Louisiana territory for the
U.S.- Government, - followed the Arkansas into Colorado, inci-
dentally discovering the famous peak that bears his name. In
1819~20 Maj. S. H. Long explored the valleys of the South Platte
and Arkansas, pronouncing them uninhabited and ‘uncultivable
(as he also did the valley of the Missouri, whence the idea of the
“Great American Desert”). His name is also commemorated by
a famous summit of the Rockies. There is nothing: more- of
importance in Colorado ‘annals until 1858. From 1804 to 1834
the whole or parts of Colorado were included; nominally, in some
half-dozen: territories carved successively out of the trans-Missis-
sippi country; but not one of these had any practical significance
for an uninhabited land, From 1828 to 1832 a fortified trading

| existence somewhat precariously and ineffectively until 1861.
" acts had slight importance.
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post was maintained near La Junta in the Arkansas valley on the
Santa Fe trail; in 1834-36 several private forts were erected on
the Platte; in 1841 the first overland emigrants to the Pacific
coast crossed the -State, and in 1846—47 the Mormons settled
temporarily at the old Mexican town of Pueblo. John C. Frémont
had explored the region in 1842—43 and 1845 (and unofficially in
later years for railway routes), and gave more trustworthy re-
ports of the country to the world than had his predecessors.

‘Commerce in these years centred in the (New) Mexican town

of Taos.

Colorado Becomes a State.—Colorado was practically an
unknown country when in 1858 gold was discovered in the plains,
on the tributaries of the South Platte, near Denver. In 1859
various discoveries were made in the mountains. The history of
Denver dates from the gold rush in 1858. Julesburg, in the
extreme north-east corner, at the intersection of the Platte valley

- and the overland wagon route, became transiently important dur-

ing the rush of settlers that. followed Emigration from the east
was stimulated by the panic, and hard times following 1857. Dur-
ing 1860-62 there was a continuous stream of immigration.
Denver (under its present name), Black Hawk, Golden, Central
City, Mount Vernon and Nevada City were all founded in 1859;
Breckenridge, Empire, Gold Hill, Georgetown and Mill City in
1860 and 1861. The political development of the next few years
was complicated. “Arapahoe county,” including all Colorado, was
organized as a part of Kansas territory in 1858; but a delegate
was also sent to Congress to work for the admission of an inde-
pendent territory (called “Jefferson”). At about the same time,
early in 1860, a movement for Statehood was inaugurated, a Con-
stitution being framed and submitted to the people, who rejected
it, adopting later in the year a Constitution of territorial govern-
ment. Accordingly the territory of Jefferson arose, claiming to
extend over 6° of latitude (37°-43°) and 8° of longitude (102°-
110°). Then there was the Kansas territorial Government also,
under which a full county organization was maintained. Finally
peoples’ courts, acting wholly without reference to Kansas, and
with little reference to the local “provisional” legislature, secured
justice in the mining country. The provisional legislature of the
tetritory of Jefferson maintained an illegal but rather creditable
Its
Some, such as the first charter of
Denver, were later re-enacted under the legal territorial Govern-
ment, organized by the United States in Feb. 1861. Colorado
City, the first capital, was replaced by Golden in 1862. In 1868
Denver was made the seat of government (in 1881 permanently,
by vote of the people). In 1862 some Texas forces were defeated
by Colorado forces in an attempt to occupy the territory for the
Confederacy. From 1864 to 1870 there was trouble with the
Cheyenne and Arapahoe Indians. A sanguinary attack on an
Indian camp in Kiowa county in 1864 is known as the Sand Creek
Massacre. In 1867 the Republican Party had prepared for the
admission of Colorado as a State, but the enabling act was vetoed
by President Johnson, and Statehood was not gained until 1876.
Finally, under a Congressional enabling act of March 3, 1875, a
Constitution was framed by a convention at Denver (Dec. zo,
1875 to March 14, 1876) and adopted by the people July 1, 1876
The admission of ‘Colorado to the Union was thereupon proclalmed
on Aug. 1, 1876.

Labour Troubles.—For a considerable time after this the
history of the State was identified with that of her great mining
camps. After 189o. industrial conditions were confused and de-
velopment retarded by strikes and lock-outs in the mines,
particularly in 1894, 1896-97 and 1903~04, when martial law was
several times necessary. Questions of railways, franchises, union
wage scales, and sheep and cattle interests entered into the political
and economic troubles of these years. The Colorado “labour wars”
were among the most important struggles between labour and capi-
tal, and afforded one of the most sensational episodes in the story
of all labour troubles in the United States in these years. A
State board of arbitration was created in 1896, but its usefulness
was impaired by .an opinion ‘of the State attorney-general (in
1gor) that it could not enforce subpoenas, compel testimony or
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enforce decisions. A law establishing an eight-hour day for
underground miners and smelter employees (1899) was unani-
mously voided by the state supreme court, but in 1902 the people
amended the constitution and ordered the general assembly to
re-enact the law for labourers in mines, smelters and dangerous
employments. Following the repeal of the Sherman law in 1893,
the silver question became the dominant issue in politics, resulting
in the success of the Populist-Democratic fusion party in three
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successive elections, and permanently and greatly altering prior
party organizations. In recent years the two major parties have
been so equally balanced in strength that the state administration
. has been at times Republican and at times Democratic.

Colorado was a great cattle country until about 1890, when the
free range began to pass away because of fencing for agricultural
enterprises. The cattlemen had to adjust themselves to the new
situation by providing winter forage, and this led to the culti-
vation of alfalfa and other hays. Later, with the introduction
of the sugar-beet industry, Colorado regained some of its former
importance as a meat-producing state. Lambs and cattle are
fattened on the hay crops, and sheep and cattle consume the by-
products of the sugar-beet industry.

Constitutional Reforms.—A constitutional amendment
adopting initiative and referendum was ratified in Nov. 1910. In
the same year a primary election law provided for direct nomina-
tions by the people of candidates for the U.S. senate, representa-
tives in congress, and all elective state, district, county, ward and
precinct officers, as well as members of the state legislature. The
expense of candidates in such primary elections was limited by
the act, and severe penalties were provided for violations. In
1911 an act was passed providing for registration of voters for
all elections to be held in the state except school elections, and
providing severe penalties for false registration and other viola-
tions of the act. In Nov. 1912 the people approved amendments
to the state constitution providing for the recall of elective
officials and, in certain cases, for the recall of judicial decisions.
An act, proposed by initiative, was passed at the same time, pro-
viding for a ballot without party headings. The voters adopted in
Nov. 1914 an amendment to the state constitution, prohibiting
the sale and manufacture of intoxicating liquor, which became
effective on Jan. 1, 1916; and the prohibition amendment to the
federal constitution was ratified by the Colorado legislature in
regular session on Jan. 15, 1919. Following the repeal of national
prohibition, Colorado, in 1934, gave up state prohibition. The law
of 1935 allowed the sale of liquor by the glass and in bulk.

COLORADO DESERT

The legislature in 1919 passed an act providing for a budget
system in making appropriations and creating a state budget and
efficiency commissioner. The first budget prepared under this act
was presented to the legislature in 1921. In 1920 the voters
adopted an initiated constitutional amendment raising the limit on
state tax levy from four mills to five, the additional revenue
being limited to the use of state educational institutions. In
1921 a proposed amendment to extend the tenure of office of
state and county officers was defeated. Proposals for a conven-
tion to revise the state constitution were rejected in 1921 and
1930. In 1921 inheritance tax laws were strengthened by raising
the rates thereof. Persistent advocacy by the governor secured
the passage of laws for the re-establishment of a national guard
and for a Department of Safety, with a body of rangers as a state
police force; the latter was disbanded in 1923. The legislature
in 1922 voted a $6,700,000 bond issue to finance the Moffat tun-
nel, and before it was completed in 1934 a total issue of
$18,000,000 had been authorized. A loan of $3,850,000 from the
Reconstruction Finance corporation enabled the Denver and Rio
Grande railroad to build its strategic Dotsero cut-off connecting
Denver with Salt Lake City. Serious labour disturbances occurred
beginning with the depression in 1930 as coal production fell off
45%, petroleum 50%, and the major crops even more precipi-
tously. Democrats strengthened by the party’s national ascend- .
ancy swept state and national elections in 1932, 1934 and 1936. In
1931 Colorado ratified the national child labour amendment.
Under pressure of necessity laws for prohibition repeal, closer
supervision of insurance and banking companies, and grants to
aid the destitute were passed in 1934. A 2% emergency retail sales
tax was passed in 1935 supplemented by the 29 professional
service tax in 1937. In 1936 a $45 per month old age pension was
ratified by popular vote.

BieriocraPHY.—The history of the state is treated in the following
works: W. F. Stow, History of Colorado (3 vols., 1918); J. C. Smiley,
Semi-centennial History of Colorado (1913); F. L. Paxson, “A Pre-
liminary Bibliography of Colorado History,” vol. iii., No. 3 of Univer-
sity of Colorado Studies (June 1906); H. H. Bancroft, History of
. . . Nevada, Colorado and Wyoming, 1540-1888 (1890); J. F.
Willard, Union Colony of Greeley (1918) ; and University of Colorado
Semi-centennial Series (1927). Works chiefly descriptive are: Irving
Howbert, Indians of the Pike’s Peak Region (1914) and Memories of
a Lifetime in the Pike’s Peak Region (1925) P. Hill, Colorado
Pioneers in Picture and Story (1915); L Baggs, Colomdo, the
Queen Jewel of the Rockies (1918); A. C. Carson, Colorado, the Top
of the World (1912); E. A. MIHS, Spell of the Rockies (1911), In
Beaver World (1913), Rocky Mountain Wonderland (1915), Your Na—
tional Parks (1917) ; and E. Parsons, Guide Book to,Colorado (1911).

Governmental administration is dealt with in -Colorado Statutes
Annotated, 1935; governmental reorganization in 1941 Session Laws.
On soil and agriculture consult: Awnnwual Reports of Colorado Co-
operative Crop Reporting Service (state-federal); Colorado ~Year
Book, published biennially by the State Planning commission; Annual
Reports of Colorado State Director of Markets; U.S. Forest Service
Reports; publications of the U.S. Department of Agriculture (see
department bibliographies) ; Sixteenth United States Census (1940).
For mineral resources: see US Geological Survey Bulletins (consult
bibliographies) ; also the Annual Report and the annual volume on
Mineral Resources, Colorado State Bureau of Mines, Biennial Report;
inspector of coal mines, Annual Report. For rivers: see Index to
Reports of the Chief of Engineers, United States. Army (1900, covering
1866~1900). On fauna and flora: see U.S. Biological Survey Bulletins
(especially No. 10); the Biennial Report of the State Game and
Fish Commissioners: U.S. Geological Survey, roth Annual Report,
pt. 5; 2oth Annual Report, pt. 5; various publications of the U.S.
Forest Service; Porter and Coulter, Synopsis of the Flora of
Colorado (1879). For topography and early description: see Hayden
reports on Colorado, U.S. Department of the Interior, Geological and
Geographical Survey of the Territories (13 vols., 1869—78); Capt.
J. C. Frémont, Report of the Exploring Expedition to the Rocky
Mountains in 1842, published 1845 as Congressional document No. 166,
and in various other editions. Other reports of early explorations are:
The Expedition of Zebulon Montgomery Pike . . . through Louisiana
Territory and in New Spain in the Years 1805-06-07, edit. E. Coues
(3 vols., 1895); Account of an Expedition from Pittsburgh to the
Rocky Mountains, 1819-20, under the Command of Major S. H. Long,
compiled . .. by Edwin James (1823) ; Capt. H. Stansbury, Explora-
tion of the Valley of the Great Salt Lake (1832; also published as
Senate Executive document No. 3, 32nd Congress, Spec1al Session) ;
Colorado, American Guide Series. (C. ; E.D.F.)

COLORADO DESERT, a name applied to that arid re-

gion of southeastern Cahfornla which extends from San Gor-
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gonio pass south-eastward to the Gulf of California, and includes
the depression (248-7 ft. below sea level) known as “Salton
sink.” It is separated from the Mohave desert (¢.v.) by the San
Bernardino, Cottonwood, Chuckwalla and Chocolate mountains.
The Colorado desert is about 200 m. in length and attains a maxi-
mum width of 50 miles. The northwestern portion consists
chiefly of shifting sand dunes but farther southeast, below the
sea level, the valley floor is silt-covered and fertile; the soil of
the Imperial valley (g.v.) is highly productive when irrigated.
The rainfall varies considerably from year to year, but the aver-
age is between 3 and 4 in. yearly. During the five summer months
the mean daily temperature is high, about go°® F, and occasionally
an extreme of 125° or more in the shade is reached.

See W. C. Mendenhall, Ground Waters of the Indio Region, Cali-
fornia with a sketch of the Colorado Desert, and Some Desert Water-
ing Places in South-eastern California and South-western Nevada.
These are U.S. Geological Survey Water Supply Papers, nos. 225 and
%24, r;espectively. See also J. Smeaton Chase, California Desert Trails

I1919). '

COLORADO NATIONAL MONUMENT, a tract of
13,883 ac. in central Colorado, U.S.A., near the west boundary, set
apart by the Governient as a reservation in 1g911. It is notable
for its enormous sandstone monoliths which have been grotesquely
formed by erosion. One of the largest of these is Independence
rock; its base is 250 ft. by 100 ft. and it rises to a height of 500
feet. Another, Fisherman’s Head, is over 400 ft. high and is topped
by the semblance of a human face.

COLORADO POTATO BEETLE, a chrysomelid beetle
(Leptinotarsa decemlineata, Say), native to the western United
States. This leaf-beetle, first named and described by Say in
1824, fed originally on a wild solanaceous plant, Solanum rostra-
tum, abounding in the Rocky Mountain region. With the westward
advance of civilization, the cultivation of potatoes was brought to
its neighbourhood, and the insect at once took to the cultivated
plant and began an eastward spread. By 1864 or 1865 it had
crossed the Mississippi river in Illinois. By 1869 it reached Ohio.
In 1874 it reached the Atlantic seaboard. In its spread across the
country, it flourished best in what is known as the Upper Austral
life zone. It did not readily ‘accommodate itself to the severe
winters of the far north nor to the hot summers of the far south.
As it progressed, certain predatory insects and certain birds be-
came accustomed to it, and as early as 1869 Paris green began to
be used against it; so that by the time the beetle reached the At-
lantic, potato growers in the mid-west were able to control it in-
their fields. _

Great alarm was expressed in Europe. The German Government,
early in 1845, issued a decree against the importation. of American
potatoes, and was followed the same year by Belgium, Spain, France,
Russia, Italy, Hungary and Austria, and by Portugal and Sweden the
following year. In spite of the German decree, the beetle was discov-
ered in a potato field near Hamburg, but was exterminated by radical
measures. It is quite likely that the insect has been imported by acci-
dent into European countries since that date, but in no case has it been
established except that shortly after the War of 1914—18 it was found to
have been introduced near Bordeaux in France in a region where there
had been large bodies of American troops. From that region it has
since spread, rather slowly, into surrounding departments, but the
French Government, having adopted American methods, feels that it
can well be kept in check. It is now known to be established in France,
Belgium, Holland, Luxembourg, Germany, and Switzerland. It has
been found sporadically in England but repressive measures are be-
lieved to have exterminated the species.

Both the adult beetles and the larvae feed upon the foliage of the
potato plant. In the early days it not only caused the loss of entire
crops but sometimes destroyed the potato yield of whole counties and
of large portions of some States. It materially affected the market
price of potatoes. The extensive work of the insect on the foliage
affected the quality of the tuber, and at one time it was difficult to
obtain potatoes that were not watery when cooked. The adult beetles
pass the winter underground, and in the spring lay their eggs upon the
plants.. There are two generations each year, the leaf-feeding larva
descending to the ground to turn to pupa. The insect feeds on nearly
all solanaceous plants, including eggplant, tomato and tobacco among
the cultivated species. The tender-leaved varieties of potato are most
affected. The insect is held in check by the application of arsenicals.
In the US. one formula is, one part Paris green to 10 to 20 parts of
flour, sifted land plaster or fresh air-slaked lime. Another is, 1 1b.
Paris green to 75 to 125 gal. of water, 1 1b. of quicklime being added
to prevent scorching of the foliage by the arsenical. o

Bmsriocrapay.—F. H. Chittenden, “The Colorado potato beetle,”

U.S. Dept. Agr. Cir. 87 (1907); Pauline M. Johnson and Anita M.
Ballinger, “Life history studies of the Colorado potata beetle,” Jour.
Agr. Research, 5:917-925 (1916) ; Arthur Gibson, R. P. Gorham, H. F.
Hudson, and J. A. Flock, “The Colorado potato beetle in Canada,”
Dominion of Canada Dept. Agr. Bul. 52 (1925); R. L. Webster, “Po-
tato Insects,” Iowa Agr. Exp. Sta. Bul. 155, pp. 362—36% (1(9)151_)1.

: L. 0. H)

COLORADO RIVER, a stream in the south of the Argen-
tine Republic. It has its sources on the eastern slopes of the
Andes in the latitude of the Chilean volcano Tinguiririca (about
34° 48" S.), and pursues a general east-south-east course to the
Atlantic, where it discharges through several channels of a delta
extending from lat. 39° 30" to 39° 50’ S. Its total length is about
620 m., of which about 200 m. from the coast up to Pichemahuida
is navigable for vessels of 7 ft. draught. It has been usually de-
scribed as being formed by the confluence of the Grande and Bar-
rancas, but as the latter is only a small stream compared with the
Grande it is better described as a tributary, and the Grande as a
part of the main river under another name. After leaving the
vicinity of the Andes the Colorado flows through a barren, arid
territory and receives no tributary of note except the Curaco,
which has its sources in the Pampa territory and is considered to
be part of the ancient outlet of the now closed lacustrine basin
of southern Mendoza. The bottom lands of the Colorado in its
course across Patagonia are fertile and wooded, but their area is
too limited to support more than a small, scattered population.

COLORADO RIVER. The Colorado river and its upper
tributaries rise in the mountains of Wyoming, Colorado and Utah,
where precipitation, especially in the form of snow, is heavy.
Including the Green river, the Colorado river is about 1,700m.
long. Its drainage basin covers 244,000sq.m. or 41> of the
area of the United States, and includes parts of seven States—
Wyoming, Colorado, Utah, New. Mexico, Nevada, Arizona and
California. The river forms for 17m. the boundary between Ari-
zona and Mexico and then flows 8om. through the Republic of
Mexico to the Gulf of California. Its discharge varies from about
3,000 second-feet at low water to a flood discharge of more than
200,000cu.ft. per second. Its water supply, with storage, is esti-
mated to be equivalent to a uniform flow of 19,300 second-feet at
Lees Ferry, 22,600 second-feet at the lower end of Black Canyon, -
and 21,100 second-feet at Parker. When development in the upper
basin is completed and the canyon section and the lower river are
developed these quantities will -be reduced. With an average
annual flow at Yuma of 17,000,000 acre-feet at the present time
and an average silt content of 0.629%, by volume, the annual load
of silt brought to the delta region by the Colorado and Gila aver-
ages 105,000 acre-feet, or 170,000,000 cubic yards.

The region traversed by the Colorado and its tributaries is for
many reasons of intense interest to the people of the United
States. Here was the home of that forgotten people of which there

'is almost no record except the hieroglyphics on the rocks, the

ruins of their irrigation systems, and the cliff dwellings by which
they are most widely known; in this region were Spanish missions
whose history extends back nearly to the days of Balboa and Cor-
tez; here is the Grand Canyon, whose grandeur cannot be de-
scribed; and here are the greatest known natural bridges,
so remote and inaccessible that they have only recently been
discovered. ,

For more than 1,000m. along its course the Colorado has cut
for itself a deep, narrow gorge or canyon, but at some points
where lateral streams join it the canyon is broken and these, nar-
row transverse valleys divide it into a series of canyons. Virgin,
Kanab, Paria, Escalante, Fremont, San Rafael, Price and Du-
chesne rivers on the west, and the Little Colorado, San Juan,
Grand, White and Yampa on the east have also cut out for them-
selves narrow, winding gorges or deep canyons. Each river enter-
ing these has cut another canyon; each lateral creek has cut a
canyon; and each brook runs in a canyon; so that much of the
upper part of the basin of the Colorado is traversed by a laby-
rinth of these deep gorges. The longest unbroken canyon through
which the Colorado runs is that known as the Grand Canyon be-
tween the mouth of the Paria and the Grand Wash.

The Grand Canyon is 278m. long and at one place is 13m.
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wide and nearly 6,000ft. deep. All the scenic features of this
canyon are on a grand scale. Low plateaux, dry and treeless,
stretch back from the brink of the canyon. In some places rock
is composed of richly coloured and variegated marls, and here the
surface is a bed of loose, disintegrated material through which
one walks as though in a bed of ashes. In other places the rock
is a soft sandstone, the disintegration of which has left broad
stretches of drifting sand, white, golden and vermilion. Where
this sandstone is a conglomerate, a paving of pebbles has been
left—a mosaic of many colours, polished by the drifting sands,
glistening in the sunlight.

On the California side of the lower portion of the river in the
United States a vast desert, which has been known as the Colorado
desert and more recently as the Salton basin, stretches north-
westward from the head of the Gulf of California, a distance of

150 miles. At one time in the geological history of this country,
the Gulf of California extended a long distance farther to the
north-west, above the point where the Colorado now enters it,
but this stream brought its mud from the mountains and hills
above and bore it into the gulf, across which it gradually erected
a vast dam until the waters ‘'on the north were separated from
those on the south. Then the Colorado cut a channel into the
lower gulf. The upper waters, being cut off from the sea, gradually
evaporated. The bottom of this ancient upper gulf has come to be

known as the Salton sink. It is now land about 278ft. below the.

level of the sea. On the Arizona side of the river there are similar
desert plains, but these are interrupted by mountains.

In the year 1g9os there occurred, about 3m. below the Califor-
nia-Mexico line, a break which diverted all the waters of the Colo-
rado into the Salton sink and created the Salton sea, with a maxi-
mum depth of 76ft., a length of som. and a width of rom. to 15m.,
a total water area of 445 square miles. The break threatened
inundation of the entire Imperial valley and permanent blocking
of the Southern Pacific route. Because of this latter danger the
Southern Pacific company stopped the crevasse and completed, in
1907, a line of protective levees, the whole involving a deal of
engineering skill and an outlay of $2,000,000.

The Colorado problem is international. Under existing treaties
neither the United States nor Mexico can take action along the
common boundary line which might impede navigation in the
Colorado river. The language of the treaties does not, however,
appear to prevent the taking of water for navigation purposes
from the Rio Grande in the United States above the point where
it forms the boundary line between the two countries.

Colorado river is one of the remarkable rivers of the world in
its value for irrigation and water-power. It combines, in proper
sequence for complete use, a large quantity of water, great con-
centrations of fall, reservoir sites for the control of flow, sites for
power plants, and several million acres of irrigable land below
the stretch where power may be developed. Over 5,000,000 prime
h.p. can be developed. The flood menace is a serious one; the silt
brought down annually to Yuma produces dangerous meandering
in the leveed sections in the delta and causes the river to seek
new outlets. These threats necessitate large expenditures for
revetment and the steady raising of levees to prevent further dis-
asters such as occurred in 1905.

For the purposes of controlling floods and regulating the flow
of the lower Colorado river and for interception of silt, providing
for storage and delivery of water for irrigation purposes and for
the generation of power, Congress has provided for the construc-
tion of a dam in the Colorado river at Black canyon or Boulder
canyon. As the project entailed an adjustment of the water
rights claimed by Arizona, -California, Colorado;, Nevada, New
Mezxico, Utah and Wyoming, a commission comprised of repre-
sentatives of each of these States and of the United States pre-
pared, in 1922, a plan for the distribution of the waters, giving
7,500,000ac.ft. annually to the upper States (Colorado, New Mex-
ico, Utah and Wyoming), and 8,500,000 to the lower States. A
disagreement between Arizona and California delayed ratifica-
tion of this compact until 1928 when all but Arizona ratified by
agreeing to an amendment that the ratification of any six of the
States would make it effective. Congress followed by passing the

COLORADOS—COLORADO SPRINGS

Boulder Canyon Project Act on Dec. 21, 1928 and President
Hoover issued a proclamation the following June authorizing con-
struction. Construction was not formally begun until Sept. 17,
1930, but the rapid completion of four huge diversion tunnels,
each 56ft. in diameter, during the next three years, providing a
dry bed on which to construct the dam at the boulder, and the
erection of a modern city to house 600 workers high above the

- waters of the projected dam, and the construction of 53 miles

of railway and 40 miles of 1mproved highway completed the early
stages of the prOJect and attracted national attention to that
great engineering feat. The acceleration of public works projects
under the Roosevelt administration speeded construction and by
1935 such progress was made that the water was already backed
up sixty-five miles behind the world’s greatest dam, starting the
man-made lake that will eventually extend 115 miles and have an
average width of two miles. The hydro-electric plant will dis-
tribute 1,835,000 horse power and an area of 2,100,000 acres
will be irrigated. The income will gradually cancel the entire cost
of construction, towards which Congress had appropriated $165,-
000,000 in 1928 and in the course of fifty years accumulate a
surplus calculated at an additional $165,000,000. The dam it-
self, 730ft. in height and 1,000ft. along the crest of its brim,
is the largest in the world although several others boast a greater
length,

Its services to the Rocky Mountain States will open a new field
for colonization provided with an adequate supply of hydro-
electric power and irrigation.

See U.S. Geological papers Nos. 395 and 556; Senate document

No. 142 of the 67th Congress, 2nd session; Ammal Report of U.S.
Federal Power Commission (1922). (E. Ja)

COLORADOS, a tribe of South American Indians belonging
to the Barbacoan (g¢.v.) linguistic stock, living in north-western
Ecuador. At the present time the Colorados occupy the region
west and south-west of Quito, on the upper waters of the Esmer-
aldas, Daule and Quevedo rivers. Their culture is simple. Cloth-
ing for the men consists of a cotton kilt and small poncho-like cape
covering only the shoulders, for the women of a longer skirt. The
teeth are stained black, and there is much use of body painting.
Their dwellings consist merely of a thatched roof, without side
walls. They are agricultural and make serviceable pottery and
textiles. Weapons comprise the bow and the pellet blow-gun. The
dead are buried under the floor of the house.

See P. Rivet, “Les Indiens Colorados,” Journ. Soc. Americanistes
de Paris (N.S.), vol. ii., pp. 177—208.

COLORADO SPRINGS, a city of Colorado, U.SA., 75m.

S. of Denver, on a mesa 6,036ft. above the sea, open to the

-great plains on the south-east and backed by mountains, includ-

ing Pike’s Peak (14,110 ft.); the county seat of El Paso county.
It lies at the point where Monument creek joins Fountain creek;
is on federal highways 24 and 8s5; and is served by the Santa Fe,
the Rock Island, the Denver and Rio Grande Western, the Colo-
rado and Southern, and the Missouri Pacific railways. The popu-
lation was 33,237 in 1930.and 36,789 in 1940 by the federal cen-
sus. Colorado Springs is the most popular tourist centre of the
Rocky mountains, a noted health resort, an important railway
point, the headquarters of the Cripple Creek mining companies,
and a delightful residence city. It has ore-reduction plants, iron
foundries and railroad shops. The assessed valuation of property
in 1940 was $28,402,180.

Colorado college, the oldest college in the State, was estab-
lished here in 1874. It has an enrolment of about 8oo, and an
endowment of over $2,000,500. For a field laboratory in forestry
it uses a tract of 6,000ac. (Manitou forest) 25 mi. N.W. of the
city. Other institutions are the International union printers’
home, the national home of the Modern Woodmen of America,
the State institution for the deaf and blind and several sanatoria
for the treatment of tuberculosis. In Manitou Springs, 5 mi. W.
(pop. 1940, 1,462) a summer resort and the starting-point of the
Cogwheel road to the top of Pike’s Peak, are the 16 varied min-
eral springs which gave Colorado Springs its name. The Garden
of the Gods, between the two cities (500dc. strewn with gro-
tesque formations of bright-coloured sandstone) has been since



COLORADO TO GULF HIGHWAY—?COLOSSIANS |

1909 a part of the park system of the city. Among other points
of interest are the two Cheyenne canyons, the Cave of the
Winds, the Grand Caverns and (at Florissant) a petrified forest.
Many descriptions of this country may be found in the stories of
Helen Hunt Jackson (“H.H.”). Colorado Springs was laid out as
a model city in 1871 by Gen. W. J. Palmer, president of the
Denver and Rio Grande railway, which reached the valley that
year. It was incorporated in 1872, chartered as a city in 1878,
and in 1921 adopted a city manager form of government. The his-
toric town of Colorado City, which sprang up during the gold
rush of 1859 and was for four days in 1862 the seat of the terri-
torial legislature, was consolidated
with Colorado Springs in 1916.

COLORADO TO GULF
HIGHWAY extends from Den-
ver, Colo., to Galveston, Tex.,
about 1,200 m., and also to
Brownsville, Tex., about 1,450
miles. For nearly 200 m. of the
way, and at an elevation of 5,000
ft., its route is within view of the
Rocky mountains. It skirts the
eastern base of Pikes Peak, and
traverses Raton pass between
New Mexico and Colorado, af-
fording from points in the latter
views that extend southward for
more than 100 miles. This high-
way crosses immense agricultural
and live stock districts in Texas,
and forms the main artery of
travel from the Colorado Rocky
mountains to the gulf of Mexico.
Colorado Springs, Pueblo, Wichita
Falls, Fort Worth, Houston, San

Antonio and Corpus Chrlstl are among the cities situated along
its course.

COLORATURA (It.), a term in music applied to vocal pas-
sages of a florid and brilliant character, whereby the underlying
melody is ornamented and, as it were, “coloured”; aria di colora-
tura, coloratura singing, and so on; being common uses of the.
term.

COLORIMETER, an instrument for determining the inten-
sity of a colour (g.v.) relative to a standard colour intensity. The
two are viewed simultaneously and the standard is modified by
definite degrees until the intensities appear equal. This modifica-
tion may be effected (@) for liquids, by altering the length of the
column or the concentration of the standard liquid, (b) for solids
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or liquids, by interposing in front of or behind the standard a |

movable transparent, coloured wedge or some such device. Colori-

metric methods may be used to determine hydrogen ion concen- |

tration. (See HyproGEN IoN CONCENTRATION; Determination
of Hydrogen, etc.) (See CHEMISTRY: Analytzcal) (See also
CHROMATOMETER. )

- COLOSSAE, once the great city of south-west Phrygia, was
situated on rising ground (1,150 ft.) on the left bank of the Lycus
(Churuk Su), a tnbutary of the Maeander, at the upper end of
a narrow gorge 23 m. long It was a large, prosperous city (Herod.
vii. 30; Xenophon Anab. 1. 2, § 6), until it was ruined by the foun-
dation of Laodicea in a more advantageous position. Colossae
was the seat of an early Christian church, the result of St. Paul’s:
activity at Ephesus, though perhaps actually founded by Epaph-
ras. The church, to which St. Paul wrote a letter, was mainly |
composed of mingled Greek and Phrygian elements deeply imbued
with fantastic and fanatical mysticism. Colossae lasted until the
7th and 8th centuries, when it was gradually deserted under
pressure of the Arab invasions.

COLOSSAL CAVERN, a limestone solution cave in Edmon-
son county, central Kentucky, U.S.A, 11 m. from the famous
Mammoth cave with which it is probably connected. Eden
valley, which lies between these caves, is indisputably. a “sink”
formed by the collapse of a great chamber or series of chambers
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that formerly united them. Bed Quilt cave as well as many
smaller caverns and grottoes in the vicinity are doubtless part of
the same system of caverns, all hollowed out by solution in the
St. Louis limestone beneath the overlying Chester sandstone.
From the main entrance at the foot of a steep hill across Eden
valley from Mammoth cave, the cavern extends southward by
the “Chinese Wall,” “Uncle Tom’s Pool” and “Lizard Spring” to
Vaughan’s Dome, a great chamber 40 ft. wide, 300 ft. long and
#q ft. high, thence southward by Florence Avenue and the “Ruins -
of Carthage,” a spacious hall 400 ft. long, oo ft. wide and 30 ft.
high of which the flat roof is one continuous limestone block to
the so-called “Ruins of Martinique,” where the general course
changes south-eastward, and passing by a number of spectacular
features, leads to Colossal Dome, the most impressive of all the
chambers, fringed by 1nnumerable tinted stalactites and stalag-
mites, richly resonant when struck. Continuing south-eastward
past the “Pearly Pool” of limpid water, and by a passageway be-
tween stately columns and grotesque ﬁgures, the cavern ends in.a
copious chalybeate spring. The fauna of the cavern is character-
ized by pauc1ty of species, though of these the number of indi-
viduals is relatively large. The temperature is uniformly 54° F.,
the atmosphere fresh and pure. (W.E.E.)

COLOSSEUM, the Flavian amphitheatre in Rome, begun by
Vespasian, on the site of part of Nero’s famous Golden House,
and inaugurated by ‘Titus in AD. 8o. It consisted originally of
three arcaded storeys of stone and an upper gallery, originally of
wood, which was rebuilt of stone in the present form sometime:
in the third century. The colosseum probably seated between
40,000 and 50,000 people. It is elliptical in plan with its long
axis 620ft. and its short axis s13ft.; its arena, 281ft. long and
177ft. wide. Its total height to the top of the third century
stone screen wall is about 160 feet. For a further description see
AMPHITHEATRE.

COLOSSIANS, EPISTLE TO THE, the 12th book of the
New Testament, one of the later letters of the Apostle Paul.
Colossae, like the other Phrygian cities of Laodicea and Hierapo-
lis, had not been visited by Paul, but owed its belief in Jesus
Christ to Epaphras, a Colossian who had laboured not only in his
native city, but also in the adjacent portions of the Lycus valley—
a Christian in whom Paul reposed the greatest confidence (i. 7;
iv. 12, 13). This Epaphras, like the majority of the Colossians,
was a Gentile. It is probable, however, that Jews were there with
their synagogues (cf. Josephus Ané. xii. 149) and that some of the
Gentiles, who afterwards became Christians, were either Jewish
proselytes or adherents, who paid reverence to the God of the
Jews. At all events, the letter indicates a sensitiveness on the part
of the Christians not only to oriental mysticism and theosophy
(cf. Sir W. M. Ramsay, Cities and Bishoprics of Phrygia and the

Church in the Roman Empire), but also to the Judaism of the
' Diaspora.

Our first definite knowledge of the Colossian Church dates from
the presence of Epaphras in Rome, ¢. AD. 60, when Paul was a
prisoner. Paul has received news, perhaps by letter (J. R. Harris,
Ezxpositor, Dec. 1898, pp. 404 et seq.) touching the state of reli-
gion in Colossae. He learns, to his joy, of their faith, hope and
love, but detects a lack of that strength and joy and perfection,
that richness of the fullness of knowledge expected of those who
had been made full in Christ (i. 6, g-11, 28; ii. 2, 7, 10). The rea-
son for this, Paul sees, is the influence of the claim made by certain -
teachers in Colossae that the Christians, in order to attain unto
and be assured of full salvation, must supplement Paul’s message
with their own fuller and more perfect wisdom, and must observe
certain rites and practices (ii. 16, 21, 23) connected with the
worship of angels (il. 18, 23) and elementary spirits (ii. 8, 20).

The origin and the exact nature of this religious movement are
alike uncertain. (1) If it represents a type of syncretism as
definite as that known to have existed in the developed gnostic
systems of the znd century, it is inconceivable that Paul should
have passed it by as easily as he did. (2) As there is no reference
to celibacy, communism and the worship of the sun, it is improb-
able that the movement is identical with that of the Essenes. (3)
The phenomena might be explained solely on the basis of Judaism
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(von Soden, Peake). Certainly the asceticism and ritualism might
be so interpreted, for there was among the Jews of the Dispersion
an increasing tendency to asceticism, by way of protest against the
excesses of the Gentiles. The reference in ii. 23 to severity of the
body may have to do with fasting preparatory to seeing visions (cf.
Apoc. Baruch, xxi. 1, ix. 2, v. 7). Even the worship of angels, not
only as mediators of revelation and visions, but also as cosmical
beings, is a well-known fact in late Judaism (Apoc Bar., Iv. 3;
Ethiopic Enoch, 1x. 11, 1xi. 10; Col. ii. 8, 20; Gal. iv. 3). As for
the word “phllosophy” (ii. 8), it is not necessary to take it in the
technical Greek sense when the usage of Philo and Josephus per-
mits a looser meaning. Finally the references to circumcision,
paradosis (ii. 8) and dogmata (ii. 20), directly suggest a Jewish
origin. If we resort solely to Judaism for explanation, it must be a
Judaism of the Diaspora type. (4) The difficulty with the last-
mentioned position is that it under-estimates the speculative ten-
dencies of the errorists and ignores the direct influence of oriental
theosophy. It is quite true that Paul does not directly attack the
speculative position, but rather indicates the practical dangers
inherent therein (the denial of the supremacy of Christ and of
full salvation through Him) ; he does not say that the errorists hold
Christ to be a mere angel or an aeon, or that words like pleroma
(borrowed perhaps from their own vocabulary) involve a rigorous
dualism. Vet his characterization of the movement as an arbitrary
religion (ii. 23), a philosophy which is empty deceit (ii. 8), accord-
ing to elemental spirits and not according to Christ, and a higher
knowledge due to a mind controlled by the flesh (ii. 18); his
repeated emphasis on Christ, as supreme over all things, over men
and angels, agent in creation as well as in redemption, in whom
dwelt bodily the fullness of the Godhead; and his constant stress
upon knowledge—all these combine to reveal a speculation real
and dangerous, even if naive and regardless of consequences, and
to suggest (with Jiilicher and ‘McGiffert) that in addition to
Jewish influence there is also the direct influence of Oriental
mysticism.

To meet the pressing need in Colossae, Paul writes a letter and
entrusts it to Tychicus, who is on his way to Colossae with Onesi-
mus, Philemon’s slave (iv. 7, 9). (On the relation of this letter to
Ephesians and to the letter to be sent from Laodicea to Colossae,
see EpHESIANS, EPISTLE TO THE.)

A letter like this, clear cut in its thought, teeming with ideas
emanating from a unique religious experience, and admirably ad-
justed to known situations, bears on its face the marks of genuine-
ness even without recourse to the excellent external attestation.
It is not strange that there is a growing consensus of opinion that
Paul is the author. With the critical renaissance of the early part
of the 1gth century doubts were raised as to its genuineness (e.g.,
by E. T. Mayerhoff, 1838). Quite apart from the difficulties cre-
ated by the Tibingen theory, legitimate difficulties were found in
the style, in the speculation of the errorists and in the theology
of the author. (1) As to style, it is replied that if there are pecul-
iarities in Colossians, so also in the admittedly genuine letters,
Romans, Corinthians, Galatians. Moreover, if Philippians is Paul-
ine, so also the stylistically similar Colossians (cf. von Soden).
(2) As to the speculation of the errorists it is explicable in the
lifetime of Paul, recourse to the developed gnosticism of the 2nd
century being unnecessary. (3) As to the Christology of the
author, it does not go beyond what we have already in Paul except
in emphasis, which itself is occasioned by the circumstances. What
is implicit in Corinthians is explicit in Colossians. H. J. Holtzmann
(1872) subjected both Colossians and Ephesians to a rigorous
examination, and found in Colossians at least a nucleus of Pauline
material. H. von Soden (1885), with well-considered principles of
criticism, made a similar examination and found a much larger
nucleus, and later still (1893), in his commentary, reduced the
non-Pauline material to a negligible minimum. Harnack, Jiilicher,
McGiffert, Moffatt and Dibelius agree with Lightfoot, Weiss, Zahn
(and early tradition) in holding that the letter is wholly Pauline—
a position which is proving more and more acceptable to contem-
porary scholarship.

BisriogrAPEY.—In addition to literature mentioned in the text,
see Sanday, art.- “Colossians” and Robertson, art. “Ephesians,” in
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Smith’s Bible Dict. (1893), and A. Jiilicher, art. “Colossians” and
“Ephesians,” in Encyc. Bib. (1899); The Introductions of H. J.
Holtzmann (1872), B. Weiss (189%7), Th. Zahn (19oo), Jiilicher
(1906), Moffatt (3rd ed., 1911) ; the Commentaries of J. B. Lightfoot
(oth ed., 1890), H. von Soden (1893), T. K. Abbott (189%7), E. Haupt
(1902), Peake (1903), P. Ewald (2nd ed, 1910), M. Dikelius
(2nd ed., 1927). (J.E.F)

COLOSSUS, in antiquity, a term applied generally to statues
of great size (hence the adjective “colossal”’), and in particular
to the bronze statue of the sun-god Helios in Rhodes, one of the
wonders of the world, made from the spoils left by Demetrius
Poliorcetes when he raised the siege of the city. The sculptor was
Chares, a native of Lindus, and of the school of Lysippus. The
work occupied him 12 years, it is said, and the finished statue stood
70 cubits high. It stood near the harbour, but at what point is not
certain. As early as the 16th century the belief was current that
it had stood across the entrance to the harbour, with a beacon
light in its hand and ships passing between its legs. The statue
was thrown down by an earthquake about the year 224 B.c.; then,
after lying broken for nearly 1,000 years, the pieces were bought
by a Jew from the Saracens, and probably reconverted into in-
struments of war.

Other Greek colossi were the Apollo of Calamis; the Zeus and
Herakles of Lysippus; the Zeus at Olympia, the Athena in the
Parthenon, and the Athena Promachos on the Acropolis—all the
work of Pheidias.

The best-known Roman colossi are: a statue of Jupiter on the
Capitol; a bronze statue of Apollo in the Palatine library; and
the colossus of Nero in the vestibule of his Golden House, after-

' wards removed by Hadrian to the north of the Colosseum, where

the basement upon which it stood is still visible (Pliny, Nas. Hist.,
XxXiv. 18).

Gigantic statues of divinities and royalties are characteristic of
Egyptian, Assyrian and Indian archaeology, size being an indica-
tion and measure of social and rehglous importance.

COLOUR. In this article colour is discussed mainly from
the physical point of view. Under Vision it is discussed from
the physiological point of view. It is not possible to make a clear-
cut separation of the two aspects, and therefore the two articles
supplement and overlap one another at certain points.

The Nature of Colour.—In looking round at the different ob-
jects surrounding him the person of normal vision recognises
not only that they differ in form, but also that some are brighter
than others and further that they differ in a respect which we
name colour. As bodies are seen by the light proceeding from
them this means that light as modified by various physical causes
can produce different colour sensations. The nature of the sensa-
tion of colour is not a thing that can be explained to anybody
who has never experienced it, although there have often been
attempts to find analogies between sound and colours.

The sensation of colour can be produced by stimuli other than
light, for instance by pressure on the eyeball in complete darkness.
It can also be produced in darkness if the eye has previously
been exposed to bright light of any colour: the so-called after-
images are then formed. The particular colour sensation pro-
duced by a light of a particular kind and strength from a coloured
object also depends upon the light to which the eye has been
previously exposed, and upon the colour of the objects imme-
diately surrounding it, phenomena which are referred to as suc-
cessive and simultaneous contrast. These physiological effects
are dealt with under Vision as are also the various types of

«deficiency of colour perception. We are here dealing with the

colour effects produced in a.normal eye in a normal state.

The physical side of the subject is approached most simply by
considering pure spectral colours. When white light from a slit
is passed through a prism and projected on a screen by a suitable
arrangement of lenses, there is produced a band of light which is
called a spectrum. The normal eye at once recognizes that the
light at different parts of this band varies not only in brightness,
but also in colour. The band is red at one end, violet at the other,
and between lie a range of colours, in the order orange, yellow,
green, blue and indigo, making in all the so-called seven primary
colours. Physically the spectrum represents a continuous range
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of wave-lengths of light, which extends beyond the limits of
vision at both ends, beyond the red into the infra-red, and beyond
the violet into the ultra-violet. The wave-length of the extreme
visible red is something less than twice the wave-length of the
extreme visible violet. (See Rabiation.) The colour sensations
excited by the light blend into one another, and it is impossible
to say exactly where one of the primary colours stops, and the
next begins. The distinction of these colours is entirely subjective,
that is, a matter of the organs of sense-perception, for physically
there are no steps in the spectrum corresponding to the different
colours.. While by using sufficiently refined instruments the num-
ber of wave-lengths distinguishable by physical means can be made
practically as great as we like, yet the most trained eye never
sees more than seven primary colours, within which are distin-
guishable shades of colour. The number of shades of colour,
or hues, which the eye can pick out as distinguishable within the
seven primary colours is also very limited. There is some dispute
as to the number, which depends to a great extent upon the
method employed to isolate patches which appear monochromatic
to the eye; different experts vary in their estimate between 130
and 30. In any case the sensations of colour divide up the
spectrum in a way manufactured by the observer, and not repre-
sented by any physical divisions. Roughly speaking; the wave-
lengths corresponding to the boundaries between the primary
colours found by a normal observer are given ir the following
table, but some people of good colour vision do not make any
distinction between blue and indigo, and so naturally make a
different division, while people of inferior colour vision distinguish
still fewer primary colours (see Vision). The arbitrary element
is still further emphasized by comparing the results of the two
experienced investigators cited. The wave-lengths are glven in
thousandths of a millimetre, denoted by ‘u.

Observations .

‘ by Abney By Listing
Red F . .| Endto 62 u -723 to 6471
Orange . . A A 62 ,, *502u 647 ', *585u
Yellow °592 5, *578u °585 55 *575m
Green “578 4y 5001 | 575 55 ‘4921
Blue. “500 ,, ‘464p | 492 ,, 455K
Ultramarine 1nd1go 464, 446u 455 5, 42444
Violet -446 ,, end ‘424 5, "3971

A coloured light that reaches the eye from, say, a lantern
provided with coloured glasses, or from a coloured body, such as
a piece of cloth, will not, in general, be a pure spectral colour,
i.e., light of a given single wave-length, or of a narrow range
of wave-lengths. Rather, it will consist of one or more wide
continuous ranges of wave-lengths. If we want to specify the
light physically we must not only be able to measure what wave-
lengths are present in the mixture, but also the intensity of each.
When we have done this we shall have sufficient information to
enable us to reproduce a coloured light which will have the same
effect on any normal eye in a normal state. It must be em-
phasized, however, that the reverse does not hold, namely if we
have a second coloured light which produces exactly the same
effect as the first on a normal eye, it does not follow that it
consists physically of the same wave-lengths in the same strength.
For instance light of a pure spectral yellow, consisting. of a nar-
row range of wave-lengths in the neighbourhood of -590u, can be
matched exactly by a mixture of spectral green light and of
spectral red light in suitable intensities. The eye is quite unable
to decide if a colour is simple or compound. It is a fact of the
greatest practical importance that any colour sensation, whatever
the physical characteristics of the light that produce it, can be
matched by light of three selected wave-lengths, by varying the
relative intensities of these three components. This is an ex-
perimental fact which is quite independent of the validity of any
three colour theory of vision. The question of the connection
between the physical stimulus and the colour perceived is further
considered in the last section of this article.

Coloured Bodies.—For the discussion of colour, white light,
such as daylight, can be considered as consisting of a mixture of
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all wave-lengths of the visible spectrum. (The physical nature
of white light is discussed in detail in Licat.) A body, such as
a piece of cloth, illuminated by such light, appears coloured be-
cause it absorbs light of certain wave-lengths partially or com-
pletely, and throws back the remainder. Thus an ordinary blue
object absorbs red, orange and yellow rays, and scatters blue
together with some green, indigo and violet; the purer the colour
the smaller is the spectral region of the unabsorbed light. A
yellow object absorbs the blue, indigo and violet, and generally
throws back with the yellow a certain amount of green, orange
and red. The colour is thus produced by absorption. When white
light, say, falls on a pigment a small part is reflected unchanged
at the surface as white light, but the greater part penetrates a
short distance into the body and then, as a result of internal
reflections and refractions due to irregularities, emerges again,
modified by the loss of the rays which are most strongly absorbed.
This fact can be strikingly illustrated by taking a piece of bril-
liantly coloured glass, and crushing it to a fine powder; the powder
will appear white. The crushing leads to the creation of a very
large amount of new surface, at each of which a certain amount
of surface reflection takes place, so that the light is no longer
able to penetrate sufficient thickness of the substance for marked
absorption to manifest itself. If the powder is now wetted with
water or still better with an oil of about the same refractive
index as' the glass, which markedly diminishes the surface re-
flection, the colour is largely restored. Another illustration of
the same phenomenon, given by R. W. Wood, is provided by
a bead of fused borax, coloured with ‘cobalt so deeply as to
appear black. If such a bead is crushed the powder appears blue,
for the diminished penetration leads to a less complete absorp-
tion. The white froth on a coloured liquid such as beer, is another
aspect of the same phenomenon: the liquid of which the froth
is composed appears brown when the light can penetrate a
sufficient depth before being turned back, but the bubbles present
so great a number of reflecting surfaces, that the light is unable
to penetrate any depth, and the bubbles appear white.

Similarly, a transparent substance, such as a piece of coloured
gelatine, held between a white light and the eye, owes its colour
to the fact that it absorbs the remainder of the spectrum. Neg-
lect of the fact that the colours of glasses and pigments are due
to absorption often leads to great confusion as to the result of
mixing colours. If we mix a blue and a yellow pigment the green
sensation produced. is not the result of mixing blue and yellow
light. The blue pigment absorbs, roughly speaking, the red, orange
and yellow: the yellow pigment absorbs the blue, indigo and violet.
It follows that the only colour which escapes the double ab-
sorption is green, which accordingly is thrown back from the mix-
ture. If we mix blue and yellow light, by letting a beam which
has passed through a piece of ordinary yellow glass fall on a
white screen which is also illuminated by the appropriate amount
of light which has passed through an ordinary blue glass, the
result is a white light, for yellow and blue are complementary
colours. Of-course if we let the light pass first through one glass
and then through the other the result will be green light as with
the pigments, for the light transmitted is the spectral region which
escapes the double absorption. In the same way a red and blue
glass, put together may stop all light and appear black, but red
and blue light mixed produce a purple.

An interesting phenomenon due to absorption colour is the
so-called dichromatism exhibited by certain bodies, which, viewed
by transmitted light, appear one colour in thin layers, and another
colour in thick layers. For instance, a thin plate of cobalt glass
appears blue, a thick plate red. In such substances the fraction
of the incident light absorbed in a layer of given thickness varies

markedly with the wave-length. Thus if in the incident white

light the green is visually more intense than the red, but the
absorption coefficient for green in the substance is greater than
that for red, a thin layer will appear green, a thicker layer, in
which the green has been relatively reduced, yellow, and a thicker
layer still, red. R. W. Wood has shown this well by dissolving
the dyes “‘brilliant green” and “naphthalene yellow” in hot Canada
balsam, and preparing a thin wedge of the substance between
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two glass plates; the thin edge of the wedge appears green, the
thick edge red, the intermediate portion yellow. The fact that
most bodies do not exhibit dichromatism means that their absorp-
tion coefficient is much the same for all wave-lengths.

The colour which a body exhibits must clearly depend upon the
illuminating light. While there are certain exceptional substances
which actually transform the light which falls on them to a
different colour (see FLUORESCENCE AND PHOSPHORESCENCE) the
ordinary pigment, whether natural, as in a flower, or artificial
as in a dyed cloth, merely scatters back one colour of the mixed
light falling upon it, and absorbs the rest; if the colour which
we normally attribute to the body is not present, or is present
only in reduced quantity, in the illuminating light, then the ap-
pearance of the body will be much modified. If a piece of white
paper is placed in various coloured lights it will in each case take
on the colour of the light, appearing blue in blue light, green
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FIG. 1.—CURVES SHOWING THE RELATIVE ENERGY OF THE DIFFERENT
SPECTRAL REGIONS FOR VARIOUS SOURCES OF LIGHT, ALL COMMONLY
TERMED WHITE

in green light. If, on the other hand, a red poppy is placed in
blue light it will appear black, for it completely absorbs blue
light: in red light it will appear brilliant red, in yellow light a less
brilliant yellow and in the green very dark indeed. The average
blue pigment appears black in red, orange or yellow light, greenish
in green light, for most blues do not completely absorb the green,
and, of course, blue in blue light. The modifications in appear-
ance which coloured bodies undergo with change of illumination
is familiar to most people from the change in appearance of
fabrics in natural and artificial light. This is particularly marked
with blue, in consequence of the fact that artificial light differs
from daylight chiefly by relative deficiency of blue. Thus a cloth
that appears blue by day will appear nearly black by artificial
light, for it absorbs all colours but blue, and there is little blue
present in the illuminating light. Petruschewski showed that a
white surface illuminated by light from a petroleum lamp pre-
sented exactly the same appearance as a. dark orange surface
illuminated by daylight, and a bright blue surface seen by the
petroleum light matched a bright brown surface seen by day-
light. -

While most ordinary bodies, such as pigments, exhibit the ab-
sorption, or body colowr which has just been discussed, with
certain bodies the light that is reflected at the surface, without
penetration, shows a marked colour. Such bodies are said to
reflect  selectively, and to show surface colour; they show a
different colour when viewed by reflected light from that which
they exhibit when viewed by transmitted light. Many of the
aniline dyes show strong surface colour when prepared in thin
films. The colours of the metals are of this nature; gold, for
instance, which shows the well known yellow colour by reflected
light, appears green by transmitted light, as can be easily shown
by placing a goldleaf between two plates of glass, and looking
at a white light through it. The leaf is thin enough to transmit
an appreciable quantity of light.

Colours due to other physical causes also occur. Thin films,
such as soap-bubbles, oil on water, and slivers of mica exhibit
colours due to interference (see LicuT). Films of uniform thick-
ness exhibit a uniform colour, but wedge-shaped films; such as,
using the term in a general sense, the air film between a slightly
convex surface and a plane surface which gives rise to Newton’s
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rings, show complicated sequences of colours due to the removal
of different spectral regions by interference at the different
thicknesses. The colours of certain iridescent crystals such as are
found in potassium chlorate, and opals, are due to interference
from a number of approximately equidistant thin laminae. The
colour of the blue sky is due to the diffraction of light by small
suspended particles and the air molecules themselves; the shorter
wave-lengths, i.e., those at the blue end of the spectrum, are
more scattered by small particles than the larger wave lengths,
so that, if light is passing through a medium containing such
particles, an observer standing to one side sees the path of the
light as blue (see LicuT). As the blue light is not created, but
merely scattered out of the white light, the beam itself will be-
come redder. This accounts for the red appearance of the sun
at sunset, when the rays pass through a great thickness of scattered
particles, and on foggy days, when the number of particles in
the atmosphere is large. The colours of the rainbow are due

|| to interference, the refraction and general theory being more com-

plicated than the refraction explanation given in elementary
text books.

White, Black and Grey.—When we turn to the question of
what precisely is meant by white light, which has been so fre-

‘quently mentioned, we are confronted by the fact that there is

no precise standard. It can be roughly defined as sunlight at
noon on a clear day. It is necessary to mention the time of day
and the atmosphere since the relative intensities of the different
colours into which sunlight can be resolved are affected by the
absorption of the atmosphere, so that sunlight in the early morn-
ing, at noon and at late afternoon is not of precisely the same
colour. The colour of sunlight will similarly be slightly different
at noon on a clear day in different latitudes. Artificial lights which
are usually called white differ still more among themselves and
are all much yellower than sunlight, that is, the blue end of the
spectrum is relatively faint in the artificial light (see fig. 1).

White light serves to emphasize the fact that identical colour
sensations can be produced by different physical stimuli. Not
only can any white light containing all wave lengths be imitated
by the mixture of light of three different narrow spectral regions,
but there are various pairs of colours which, when taken together
in correct proportions, produce the sensation of white. Any two
colours constituting such a pair are called complementary colours.
Such pairs are red light of wave length -656u and bluish green
light of wave length -492u; yellow light of wave length .585u
and blue light of wave length .485u. The most skilled eye is quite
unable to analyse a white light or a coloured light into its spectral
components.

The fact that “white” artificial light differs so markedly from
white daylight, by reason of its deficiency of the blue end of the
spectrum, leads to coloured fabrics appearing quite a. different
colour in daylight and in artificial light, as has already been men-

‘ tioned. To obtain an artificial illu-

, vennuamon | - mination which shall make col-
< | oured objects appear as they do
sonoweo | in daylight, various types of so-
called “daylight lamps” are made,
which are extensively used by
those who deal in fabrics. One
such lamp is the Sheringham day-
light lamp, illustrated diagram-
matically in fig. 2, on which an
ordinary electric hot wire lamp is
used. The light from this lamp
is thrown by a silvered reflector, which cuts off all direct light, on
to a shade, the inside of which is covered with patches of colours
in which green and blue predominate. These green and blue
patches absorb most of the red end of the spectrum, while throw-
ing back the green and blue practically unabsorbed, and so in-
crease the relative proportion of the blue end in the way required
to give a rough imitation of daylight. A body which absorbs a
large fraction of the incident light, without absorbing any one
colour markedly better than another, throws back a feeble white
light, and appears grey. A body which absorbs completely inci-
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dent light of -all wave-lengths throws back no light, and appears
black. Black is an absence of all colour. Helmholtz says that
black is a true sensation, even although it is produced by the ab-
sence of all light, and seeks to justify this somewhat paradoxical
statement by pointing out that an object in our field of view which
throws back nolight appears black, but an object behind our back,
‘which also throws no light into the eye, produces no sensation.

Classification and Measurement of Colour.—If we wish to
classify the colour sensations produced by the light from coloured
bodies the immediate problem is not to analyse the light physi-
cally into its different wave-lengths, each of a given intensity, but
rather to find the simplest way in which the same colour sensa-
tion can be produced. It is a fact of experience that, apart from
intensity, é.e., the brightness of the colour, any colour can be
matched by a spectral colour to which a proportion of white light
has been added. Pure spectral colours, without admixture of
white light, are said to be saturated, and, in proportion as white
light is added, become less and less saturated. The spectral colour
is usually referred to as a Aue, the term colour being reserved for
the general sensation. The statement that any colour can be
matched by a spectral hue to which white has been added requires
qualification, for the purple sensation cannot be so matched. A
saturated purple is itself produced by mixing light from the violet
and red ends of the spectrum; and such a purple must be added
to the spectral hues to complete the description. The purple hue,
which is compounded of the ends of the spectrum, can be regarded
as affording a transition from one end to the other, so that the
hues can be arranged in a circle, with purple between the red and
violet, forming a bridge from one to the other. We may, then,
taking the spectral colours and purple as saturated hues, say that
colour sensations can differ in three respects only: hue, saturation
and intensity. This classification was introduced by Helmholtz.
Expressed somewhat differently, the sensation produced by any
given coloured light, however mixed it may be physically, can be
matched by a certain quantity of white light and a certain quan-
tity of a saturated hue. To. specify the sensation we must give
the wave-length of the hue and the quantities of white light and of
this coloured light. If we are dealing with a coloured surface we
must clearly illuminate it with some kind of standard white light
in order to make a measurement of the hue and saturation. The
intensity of the light from the coloured surface will be propor-
tional to the intensity of the illuminating light. It is therefore
reasonable to take, as a measure of the intensity of the colour of
the body, the ratio of the brightness of the light proceeding from
the body to the brightness of the light from a perfectly white
surface similarly illuminated: The term brilliance is often used,
especially in America, to denote this ratio.

Newton arranged the saturated hues round the circumference
of a circle as shown in fig. 3, and placed at the middle of the
circle white. Any line joining
the centre W. to a point P of the
circumference then represents the
transition from the saturated
hue represented by P to white
light, the degree of saturation |
lessening to zero as we approach | &
the centre.. Newton also gave | &
a rule by which the result”of
mixing colours could be ob-
tained from his figure, certain
weights being attributed to
each spectral hue, and the cen-
tre of gravity found. This two-
dimensionalfigure has been
variously modified, a colour triangle being a more usual method
of representation  (see Viston). If, as Lambert did, we use
three dimensions and let lines normal to the surface represent
intensities, diminishing as we go upwards, we can -represent
any colour sensation. We have a pyramid of colour, the point of
which will represent black. There have been many modifications
of this three dimensional representation of colour sensation, de-
signed to get over certain difficulties which arise in respect of the
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luminating values of the colour sensations. One of the most recent
is that of Munsell, in which the three co-ordinates ‘are:—the
height of the point from the horizontal plane, representing the
intensity, or brilliance; the distance from a vertical axis, repre-
senting the saturation; and the angle from a vertical plane, repre-
senting the hue. )

A method of colour classification much adopted, on account of
its simplicity .of use, among thosé practically concerned with col-
our, such as manufacturers of paints and printing inks, is some
form of colour atlas or colour chart, in which patches of various

- colours are arranged on some system. The Munsell colour tree to

which reference has just been made is used to effect the classifi-
cation in such a chart, known as the Munsell colour atlas, issued
by the Munsell Colour Company, in America. Ostwald in 1917
brought out a very elaborate colour atlas, with about 3,000 colour
specimens: He used a special classification—hue, white-content,
black-content—in place of Helmholtz’s hue, saturation and inten-
sity. The Société des Chrysanthémistes issues a colour chart with
colour names in four languages. A necessity of any such colour
chart, is of course that all copies shall conform accurately and
that the -colours shall not fade.

A large number of instruments have been devised for colour
measurement. For scientific investigations of colour perceptions
much use has been made of the colour-patch type of -apparatus,
in which lights of two or more different wave lengths, isolated
from a spectrum by slits, are brought into coincidence as super-
imposed patches on a white diffusing screen. The intensities of the
separate colours can be varied so as to produce all possible
shades. This apparatus exists in various forms. For technical
work instruments are now being constructed in which, instead
of a spectral hue, light which has passed through an arbitrary
colour filter is being used. The three beams of light, one of which
has passed through a red filter, the second through a green filter
and the third through a blue filter, are brought into superposition
on a screen. Each beam can be varied in intensity. One of the
best forms of such apparatus is due to Guild. In Guild’s trichro-
matic colorimeter the light enters by three sector-shaped win-
dows, provided respectively with red, blue and green filters. By
the mechanism of a revolving prism the field is illuminated by
light from the three windows in rapid succession. When the speed
of alternation is high enough the sensations blend and the mixed
colour is perceived. Still another type of instrument, called the
tintometer, depends upon passing the light successively through
three. filters of .different colour, each of which subtracts some-
thing from the original white light. Although only three colours
are chosen each must be represented by a series of various depths
of colour, so ‘that some 470 glasses are necessary in a complete
matching set. The match is then given in terms of the depth of
colour of each of the three filters which, placed one behind the
other, transmit the given light.

A different type of apparatus is the spectrophotometer, by
means of which the physical constitution of a coloured light may
be actually measured. The light is resolved into a spectrum, and
the intensity of each wave-length present is measured separately.

| This measurement is usually effected by the help of a standard

source of white light, the intensity of the transmitted hue being
controlled by polarizing prisms of one type or another. If two
such prisms are used, one as polarizer and the other as analyser,
the intensity of the light transmitted can be controlled by rotat-
ing the analyser, the angular position of which gives an exact
measure of the percentage of light cut off (see Licut). The
Nutting spectrophotometer and the Konig-Martins spectropho-
tometer are two well-known instruments which make use of this
principle (see PHOTOMETRY). Such instruments are largely used
for measuring the light transmitted by colour filters, coloured
glasses, dyes and so on. i

A third type of instrumeént is the colorimeter of the Nutting
pattern, which matches any given coloured light by manufacturing
a light of given hue, saturation and intensity. A spectral hue is
separated out from a spectrum by means of an adjustable slit, and
a given quantity of white light is added from a separate source.
This gives adjustable hue and saturation. The intensity is varied
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by altering the width of the slits, or else by other means commonly
used in physical instruments, such as rotating sectors with con-
trollable gaps or polarizing prisms.

BisriocraraY.—H. von Helmholtz, Handbuch der physiologischen
Optik (1911) (English translation published by the Optical Society
of America in 1924~25), this is the classical book on the subject;
L. C. Martin, Colour and Methods of Colour Reproduction (1923),
this book contains a good description of colour-measuring instruments;
Luckiesh, Color and its Application (1915); Ostwald, Die Farben-
lehre (1918-19), this book contains a full account of Ostwald’s own
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INFLUENCE OF CHEMICAL CONSTITUTION

The sensation of white light is caused by electromagnetic vibra-
tions of a certain wave length impinging on the retina of the eye.
The sensation of colour is produced by the absorption of one or
other of the coloured components of white light when the light
strikes some suitable surface or passes through a suitable medium
—the light reflected from the surface or transmitted through the
medium consequently conveying to the retina a sensation of
colour complementary to that absorbed. There is an analogy be-
tween variations of colour in light and pitch in sound.

Many substances do not absorb any definite portion of the
visible spectrum—the name applied to the range of colours into
which white light can be resolved—but give general absorption
throughout the range. .

Such substances appear, therefore, colourless both by trans-
mitted and reflected light and it is only those materials which
cause selective absorption, that is which absorb some definite
portion of the visible spectrum, that appear coloured. It follows,
therefore, that there must be some special property possessed by
substances which produce the sensation of colour which distin-
guishes them from other substances that appear colourless.

As a matter of fact it is quite easy to detect the causes leading
to the main underlying difference between the two types, for they
may be divided into two classes which, for the sake of conven-
ience, may be named the physical cause and the chemical cause;
and, in the first instance at any rate, the reason for production
of colour is quite clear and it is a comparatively simple matter
to reproduce the effect mechanically. For example, white light is
resolved into its component colours when it is allowed to impinge
on a glass surface which has been ruled with a number of fine
lines, and there are a number of other ways by which the sensa-
tion of colour can be imparted by purely mechanical means.

As a matter of fact many natural objects, especially in the
animal kingdom, owe their colour to the physical cause. The
vivid green of certain beetles, the colours of the peacock’s
feathers, the colours of butterflies’ wings and the colour of blue
eyes are all produced in this way, the colour effect being caused
by the interference of white light through the agency of minute
excrescences or fine filaments on the surface of the objects that
appear coloured. The colour effects in such cases are, therefore,
subjective and it would be just as reasonable to attempt to ex-
tract a coloured substance from the peacock’s feather as it would
be to do so from the rainbow.

On the other hand there are a great number of substances the
colours of which must be ascribed to the second or chemical
cause. These occur both naturally and artificially and are dis-
tinguished from those of the first or physical section by reason
of the fact that the coloured substances in them can be extracted
from the coloured materials and, when extracted, are found to be
definite chemical compounds which owe their colour to their
chemical constitution. In nature such coloured substances are to
be found mainly in the vegetable kingdom, in the colouring mat-
ters, for example, of the flowers and of green grass or leaves.
Moreover, it is easy to distinguish by a practical test between the
two types because if a peacock’s feather is viewed by transmitted
light the brilliant colours will disappear, whereas, if a red rose
jieaf is treated in the same manner no change in colour will be
noticed. ‘

Nevertheless, it is only reasonable to suppose that the two
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types of phenomena are of the same order and that whilst the
physical or subjective colour is due to the intermolecular inter-
{erence of white light, the chemical colour is due to intramolecular
interference, or, in other words, white light is “filtered” through
t?le molecular structure of the chemical substance, leaving a “por-
tion” behind in its passage. The colour is therefore dependent on
the chemical composition of the particular compound. - It femains
then to compare those chemical compounds which produce colour
with those that are colourless so as to reach some conclusion as
to the influence of molecular structure on colour production. In
the first place, however, it is necessary to attempt to arrive at
some definition of what is meant by colour in a strictly scientific
sense. :

The Spectrum.—The range of the visible spectrum which is
produced, for example, when a beam of white light passes through
a quartz prism, represents a range of electromagnetic vibrations
of wave lengths between 4,000 and 8,000 Angstrom units. This
is, however, only one octave .in the range of 62 octaves of wave
lengths from o.01 to 3.5X10'" Angstrom units which has been
investigated. It is clearly, therefore, scientifically illogical to re-
strict the term “coloured” to those substances which cause ab-
sorption only in the short region capable of detection by the eye,
because a substance which produces selective absorption in any
other region of the electromagnetic range is also “coloured” al-
though such colour requires the aid of some external influence
in order that it may be detected.

It is necessary, therefore, to distinguish between wvisible colour
and #nvisible colour and to describe those substances which give
selective absorption in the visible region as visibly coloured and
those which give selective absorption in other regions as invisibly
coloured.

Infra-red and Ultra-violet Regions—It is fortunate that the
photographic plate is more sensitive to waves immediately out-
side the visible region of the spectrum than is the eye, for by its
aid it is possible to detect selective absorption in those regions
immediately outside the visible spectrum, which are known as
the infra-red and the ultra-violet, and thus to show that many
substances which appear colourless to the eye possess neverthe-
less intense invisible colour. Moreover, it is possible by simple
chemical reactions to transform compounds having this invisible
colour into those having visible colour or, in other words, by a
change of structure, to throw the absorption from the invisible
region into the visible region. In this way it is possible to corre-
late structure with visible colour.

For example, the hydrocarbon benzene (C.H;) appears colour-
less to the eye both by reflected and transmitted light, neverthe-
less when its spectrum is photographed marked selective absorp-
tion in the ultra-violet region is manifested. Benzene is, there- -
fore, a substance having a strong invisible colour. By a simple
series of reactions it is possible to transform benzene (I.) into
quinone (II.) and by so doing to shift the absorption from the
invisible to the visible region of the spectrum, thus obtaining
visible colour (yellow).

CH Cc=
7N\ /.

A

CH CH CH cH
N 7 N/
CH —0
I II.

Benzene (invisibly coloured) Quinone (yellow)

Absorption—This change, in the case of many derivatives of
benzene, takes place with remarkable ease and with astonishing
rapidity, thus the change from phenol-phthalein (IIIL.), the ben-
zenoid or invisibly coloured form, to the sodium salt (IV.), the
quinonoid or visibly coloured form, by the action of alkali, and
the reverse change which is effected by the action of acid, is so
rapid and sensitive that the substance is used as an effective
indicator in alkalimetry.
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7 N TN\—
7N o = OH  alkali = =0
= | /: \OH acid =, 7 SoH
CO—0 COONa
I11. Iv.
Benzenoid form Quinonoid form
(invisibly coloured) (red)

The hydrocarbons naphthalene (CyHs) and anthracene (C.H,,)
provide further examples of the same kind and, in fact, the
occurrence of colour among organic compounds which has led
to the foundation of the coal-tar colour industry is based mainly
on this change. It is also possible to start with a benzenoid deriv-
ative which by reason of its structure is visibly coloured and by
a simple chemical change, such as that illustrated above, to throw
absorption from one end of the visible spectrum to the other and
thus to transform a red substance into a blue one. As a matter of
fact Nature has utilized this method to produce her red and blue
flowers. The red flowers are those in which the cell sap is acid, the
blue those in which it is alkaline. If the cell sapisneutral the flowers
are purple.

(See also ANTHOCYANINS AND ANTHOXANTHINS.)

HO/\ C— Z \OH _alkali | HO
= acxd NS CH ——
OH CH OH CH '
Red Blue
(rose) - (cornflower)

It would appear, therefore, that the occurrence of visible colour
is mainly adventitious and depends on molecular  conditions
which are subject to control. It happens to be a property of the
quinone ring because the parent substance benzene possesses the
power of causing absorption just outside the visible region. Even
so, the formation of the quinone ring may not shift the absorption
of benzene far enough to bring it within the visible region, and
there are thus derivatives of quinone which have no visible colour.
On the other hand the shift of the bands may be caused by other
structures and there are, in consequence, derivatives of benzene
such as azobenzene, C;H;—N=N—C:H,, to which no quinone
structure can be assigned, yet which possess strong visible colour.

If the wider definition of colour be accepted it is probable that
there is no such thing as a colourless material, because it is likely
that every substance gives selective absorption somewhere within
the range of electromagnetic vibrations. It appears to be in the
power of many substances belonging to the aliphatic series of
organic chemistry to give selective absorption in the infra-red
region of the spectrum. Visibly coloured substances in this por-
tion of organic chemistry are not of frequent occurrence, but
when such colour occurs it is always associated with the presence
of what is known as the conjugated system of double linkages;
thus glyoxal (V.) and diacetyl (VI.) are yellow:—

H——|C= CH3—$:0 CH;,0—C=0
H—C=0 CH—C=0  CH;0—C=0
(V.) (VL) (VIL)

Methyl oxalate (VII.) is, however, visibly colourless and it must
be assumed that in this case the infra-red absorption has not
_ been thrown into the visible region. It is of interest to note that
the same system of conjugated linkages is present in the con-
ventional formula for benzene (I.).

Colour in Chemistry.—It is also significant that visible
colour is shown only by unsaturated carbon compounds and that
in no case has a visibly coloured saturated compound been pre-
pared. It follows therefore:—That both visible and invisible
colour are associated with unsaturation. That they are associated
with the occurrence of selective absorption either outside or

.proclamation and propagation of the
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within the visible region of the spectrum, the former causing in-
visible, and the latter visible colour. That occurrence of this ab-
sorption is bound up with the presence of a system of conjugated
double linkages within the molecule. (See also DYES, SYNTHETIC.)

The causes leading to the production of visible colour in in-
organic compounds will not be clearly understood until more is
known about the molecular structures of such substances. It is
obviously due, initially, to the presence of a colour-producing
element such as copper, chromium, cobalt, etc. The cause of
colour in these elements is probably molecular, as instance the
change in colour iodine undergoes when heated. Nevertheless the
structure of the salt must also play a part as is shown, for ex-
ample, in the disappearance of the blue colour of hydrated copper
sulphate when. it loses part of its water of hydration. In any case
the causes of visible colour in this section of chemistry are not
so clearly defined as they are in the organic section, and no use-
ful purpose would be served by dealing with them in the present
state of our knowledge. (See also RADIATION, RAvS; VISION ORrR
S1GHT; LIGHT; OPTICS; SPECTROSCOPY.)
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COLOUR AND RACE. The political and social questions
involved in the differences of colour and race have gained in in-
tensity and importance in the 1gth and zoth centuries. Closer
geographical contact, the spread of more uniform patterns of
civilization and aspirations all over the earth, and especially the
“racial” interpretation of
history have emphasized a growing trend. In the political and so-
cial controversies much confusion is due to the indiscriminate in-
terchange of three different meanings in which the word “race”
is used today. The tension produced by colour and race theories
is responsible for some of the most fateful misinterpretations and
maladjustments which threaten to engulf many countries, and per-
haps mankind itself, in bitter racial conflicts and to demoralize
human relations by racial arrogance and colour prejudice.

The word race is primarily a biological term (see RACES OF
MAaNKIND) and denotes groups of men differentiated by anatom- .
ical characteristics. None of them shows any fundamental or far
reaching differences among the races: in all essential features
mankind is one and clearly differentiated from all other species
of the animal world. It is only in minor secondary attributes, like
shape of skull, form of nose, texture of head hair, quantity of
body hair and colour of skin that there is any measurable or ap-
preciable difference among the various racial groups. The Biblical
story of the common origins of the human race has not been con-
tradicted by any modern scientific discovery.

Old and primitive superstitions have linked race and class with
blood. In reality no such link exists. Medical science, in its early
attempts at blood transfusion, has discovered four different types
of blood; but these types, called O, A, B and AB, are found among
all races. Certain of these blood types do not mix without agglu-
tination of the red cells. Modern medical practice has eliminated
this danger by the removal of the red and white blood cells; the
remaining plasma in its dried form is entirely independent from
all types of blood and -equally usable for all men.

Of the non-essential differences among human groups those of
the texture of the head hair and of the colour of the skin are
most frequently used to establish a division of mankind into
primary races. The various shapes of the skull (dolichocephalic
or long-skulled, mesocephalic or medium-skulled, brachycephalic
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or short-skulled) are- found among all the primary races. A
clearer line of division is offered by the texture of the head hair,
distinguishing the Caucasians with wavy hair (Cymotrichi), the
Mongolians with smooth or lank hair (Leiotrichi) and the Negroes
with frizzy or woolly hair (Ulotrichi). These differences of the
texture of the head hair overlap, however, with the differences of
colour, as there are black African tribes with wavy hair. Differ-
ences of the colour of the skin lead to the establishment of three
similar primary races. Chemical research has established that the
different shades of the skin are due to the quantity of two chemi-
cals in the skin, melanin which darkens it, and carotene which
gives it a yellowish colour. People with the whitest skin are
found in northern Europe and are called Nordics, people with the
blackest skin live in West Africa, while people in southeast Asia
are distinguished by yellowish tan. The majority of men, how-
ever, are neither white, black nor yellow, but represent innumer-
able shades of swarthy and brown men.

Whatever the anatomical differences of various races, there is
no scientific proof for any correspondence between colour or tex-
ture of hair and mental ability. The idea that differences of
colour imply differences of mental ability is comparatively recent.
All civilization originated with “coloured” races, the yellow men
in the Chinese river valleys, the brown men of India, Mesopo-
tamia and Egypt, and the swarthy men of the Mediterranean
basin. Among them all the great religions of mankind were
founded; their depth of religious feeling and of metaphysical
thought was never surpassed in Nordic lands.” Throughout the
middle ages Europeans and orientals met as equals; Greek civili-
zation was transmitted to the rising universities of the west by
Arabic scholars. ‘

Marco Polo travelling to the far east was awed by the splendour
of the oriental realms. Islamic civilization, including Caucasians,
Negroes in Africa, and brown men in the East Indies, has always
been entirely free from any colour feeling. It began to show
itself only after the centre of western civilization shifted from
the Mediterranean to the North Atlantic.

With the 16th century began a rapid progress of western Euro-
pean civilization in the conquest of nature, in scientific research
and in the application of rational and very soon also humanitarian
principles to the art of government. In the 18th and 1gth cen-
turies far greater progress was achieved in the North Atlantic re-
gion in these fields than in all preceding ages and civilizations.
Equipped with the new methods of science and government, the
European communities, especially those bordering the north At-
lantic and the North sea, soon faced the other lands and peoples
with such a superiority that by the middle of the 1gth century the
whole globe was controlled by western men. Ancient and powerful
empires like the Chinese, the Moghul, the Persian and the Otto-
man empires, had to bow before the superiority of the rising in-
fluence of the white men, a superiority based not only on scienti-
fic rationalism and technical inventiveness but above all on a new
spirit of civic responsibility, of individual initiative and of en-
lightened humanism. '

In the middle of the 1gth century Count Joseph Arthur Gobi-
neau in his book Essay on the Inequality of the Human Races
proclaimed the true Nordic Germans, whom he identified with the
French aristocracy, the supremely creative race. According to
him the human races were most unequal in creative ability; it was
impossible for them to reach the same level of cultural life; he
ascribed the decay of the Nordic race, which he as a violent oppo-
nent of all democratic trends believed to be taking place in the
1gth century, to race mixture. This theory found only very few
followers in France or England, but it was taken up and popular-
ized by German scholars, propagandists, and artists like Richard
Wagner, who developed a race theory based upon two premises:
that there is a definite hierarchy of races and that the German
race (sometimes identified with the Nordic and sometimes with
an “Aryan” race) is the highest and most creative race; and that
the ability of a race depended upon the “purity of its blood” and
that therefore intermarriage was detrimental to civilization. This
theory, widely held in Germany even before the rise to power of
national socialism, became in 1933 the official fundamental doc-

COLOUR AND RACE

trine of German science and of the German state. Its propaganda
outside Germany served as an instrument of German aspirations.
This accentuation of racial prejudice was one of the most aggra-
vating factors in the era of violent political and intellectual clashes
following the rise of national socialism. It was German influence
which made the racial myth an integral part of all fascist move-
ments to which it had originally been alien.

In reality it is impossible to define any modern nation by soma-
tic characteristics. The whole “mythical” and unscientific char-
acter of the racial theory was recognized by the leading German
authorities themselves. For how many people in Germany corre-
sponded to the “Nordic” character of blond, tall, blue-eyed and
straight-nosed humanity? . Among all nations racial intermixture
has gone on everywhere over a long period. Sexual attraction is
common between men of different races, and even taboos and
legislation have been unable to check it. Negroes and whites in
the Caribbean and in the United States, Spaniards and Indians in
Central and South America, Boers and Hottentots in South Africa
have successfully intermingled. There exists no objective proof to
show that offspring of even widely different races decrease in effi-
ciency, intelligence or vitality.

This insufficiency of somatic characteristics led the “racialists”
to use the word “race” increasingly in the ethnical sense meaning
“nation” or “people.” Thereby the confusion and the propagan-
distic value of racial theories has been many times increased.
While the Nordics represent a biological race, tall, blond-haired
and blue-eyed, the Germans or the English are not biological
races but mixtures of several races; they are nations held together
not by common somatic characteristics or uniform descent but by
a common civilization and loyalty. Nor are there any Polish and
Russian “races”; both are sometimes regarded as members of the
same Slavonic “race,” but in reality they represent nations with
different civilizations and loyalties. Even Slavs are not a “race,”
but a linguistic group, peoples of Caucasian, Tartar, Finnish and
many other racial strains, yet speaking closely related languages.

Race can be as little identified with modern nations, as with
linguistic groups. The term “Aryan” does not denote any racial
community, but a linguistic group, people speaking Aryan or
Indo-European languages, a group including Nordics*and coloured
people, white men and brown men. Languages and civilizations
have migrated and have been imposed or accepted irrespective of
any boundaries of race or colour; in the 7th century Arabic be-
came the language of all the various peoples in Syria and North
Africa, while Latin was accepted by the Iberians in Spain, the
Celts in Gaul, and the complex racial mixture living in Rumania.

With the failure of somatic or any other objective characteris-
tics the racialists fall back upon the “racial spirit” or Volksgeist.
Unfortunately the Nordic racial spirit is not “instinctively” shown
by all men of Nordic “blood”; it has even to be forced upon Ger-
mans, and the truly Nordic Norwegians show very little of it and
are predominantly dominated by the “un-Nordic,” “unheroic”
spirit of Western or “Jewish” liberalism. The German racialists
regard what corresponds in their opinion to the presupposed
mythical racial soul as arteigen, what-is alien to the racial char-
acter as artfremd.

Yet the general division of mankind into several primary races,
largely distinguished by colour, is a fact which gained political
and social importance with the growth of the “superiority” of the
white race in the tgth century. This “superiority” did not remain
unchallenged. - Western civilization, fundamentally rational and
liberal, regarded itself from the beginning as universal in scope
and its message of liberty destined for all. With the spread of
European control throughout Asia, Africa, America and the Pa-
cific, the European methods of political and economic organiza-
tion and the underlying civilization of rational humanism and be-
lief in progress began to influence the non-European populations
and to arouse them from the tradition-bound ways of life. The
European skill in administration, the integrity of the judicial
system and the blessings of ordered liberty were understood and
partly assimilated by tiny but growing numbers of non-European
intellectuals. With the spread of European education the popula-
tions of India, China and other countries began to accept the
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western methods and standards as their own and to resent the
superiority of the white man, especially its often tactless and
arrogant assertion. v

It was above all the contact with the liberal civilization of Eng-
land, the mother country of modern liberty and of the spirit of
tolerance, as it began to develop in the 17th century, which in-
fused a new spirit into the coloured races, as it had influenced the
growth of liberty in France and in the European countries. Eng-
land offered the best example of a political organization which
succeeded in adapting itself to a changing public sentiment with
unparalleled flexibility and*without doctrinaire theorizing; at the
same time it derived its vigour from ideas which seemed to pro-
tote the evolution and the liberties of all mankind. English rule
brought the most powerful ferment to the coloured races, espe-
cially to India, from where it began to radiate to the far east on
the one hand and to Mohammedan Asia on the other. English
policy and methods stirred the desire for extended' liberty and
self-government, unknown formerly in the orient. In bringing to
the orientals English civilization and ideas, England roused -in
them the desire for their political freedom which is the inherent
right of civilized man in the western concept.

As chairman of the Committee of Public Instruction in' India,
Thomas Macaulay presented in 1835 a memorandum pleading for the
introduction of a system of education based upon the knowledge of
natural science and of the growth of the tradition of liberty from
ancient Greece to 1gth century England. He wrote: !

“It may be that the public mind of India. may so expand under
our system that it may outgrow that system, and our subjects having
been brought up under good government may develop a capacity for
better government, that having been instructed in European learning,
they may crave for European institutions. I know not whether such
a day will ever come, but if it does come it will be the proudest day
in the annals of England.” :

This belief in the idea of liberty and in progress through education
was later also applied in the United States to its coloured - peoples,
whether Negroes' within the continental limits or dependent peoples
in the Pacific and Caribbean areas. Under the influence of western
ideas the educated classes among coloured peoples began, at the end
of the 19th century, to demand complete equality; they became the
leaders in the “revolt of the east,” the rising tide of the coloured
peoples which in the 2oth century made itself felt in varying degrees
yet without exception, among Indians and Negroes in the Americas,
in Africa and above all in Asia.

With great justice the Montagu-Chelmsford Report on Constitu-
tional Reforms in India (1918) characterized India’s intelligentsia in
a way applicable to the modern intelligentsia’ of all coloured peoples:

“QOur obligations to them are plain, for they are intellectually our
children. They have imbibed the ideas which we ourselves have set
before them, and we ought to reckon it to their credit. The present
intellectual and moral stirring in India is no reproach but rather a
tribute to our work ... we owe him (the educated Indian) sym-
pathy because he has conceived and pursued the idea of managing his
own affairs, an aim which no Englishman can fail to respect.”

The multi-racial character of the empire was at the same time
stressed:

It “can not be based on ties of race. It must depend on a common
realization of the ends for which the empire exists, the maintenance
of peace and order over wide spaces of territory, the maintenance of
freedom. and the development of the culture of each national unity
of which the empire is composed.” . i

The intellectual and moral stir.among the coloured peoples and their,
desire for managing their own affairs and for complete equality was
greatly accelerated by the victory of Ethiopia over Italy in 1896 and
above all of Japan over Russia eight years later, the first two defqats
of white powers by coloured peoples in modern. times. Japan, which
succeeded within a few decades, by unsurpassed national energy and
discipline, in modernizing its governmental and economic structure
and being recognized ‘as an equal by the white powers, set an example
for the coloured races everywhere. Unprecedented vrev.olutlonary
movements shook the ancient theocratic' empires of Persia (1906),
Turkey (1908) and China (1912) and converted them into consti-
tutional monarchies or republics after the 1gth century western
model. These revolutions aimed not only at internal reform but also
at securing complete independence from foreign interference. Equality
and self-government became the goals of all peoples under white con-
trol. In the Americas the Indians began to stir after four centuries
of lethargy and oppression, and the revolution in Mexico in 1917
succeeded in their interests. The coloured and oppressed peoples of
the Russian emipire saw in the revolution of 1917 an opportunity for
equality and self-government and their aspirations were, at least
partly, fulfilled by the soviet government which granted complete
equality to all the races of the multi-racial empire. This new status
of the coloured peoples in the Russian empire acted as a powerful
stimulant also outside its borders and contributed largely to the
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growing demand for equality among the coloured races. Nor did the
Allied slogans of self-determination during World War I prove less
effective. Constitutional reforms were everywhere introduced, the
facilities for education and economic development increased, and a
new feeling of confidence and rights began to animate the masses of
the coloured peoples. The example of complete emancipation of de-
pendent peoples was first set by Britain, which gave independence to
Egypt: (1922, completed 1936) and to the Arabs of Iraq (1932), and
followed by the United States in 1934 when congress promised to
grant independence to the Philippine Islands after a transitional period
of 12 years. )

A widespread popular error assumes that racial conflicts and colour

prejudice are confined to the relations between white and coloured
populations. But racial arrogance and conquest and exploitation of
weaker races have been practised by all races, white and coloured
alike. Coloured races, whether Asiatic Mongols: or African Bantus or
American Aztecs, have been great. conquerors throughout the ages,
many of them down to present times, and they have on the whole
treated their subject races with greater cruelty than the white man
has in modern times, In fact in many coloured areas like India and
Africa the white man’s administration has brought peace and has, by
establishing the principle of equality before the law, considerably
lessened existing racial conflicts and exploitations.
: '_I‘he most extreme system of colour bar and racial prejudice pre-
vails in the caste system of Hindu India which has been sanctified by
religious tradition. -As the name for caste, warna or colour, reveals,
the hereditary and strictly separated castes were originally determined
by colour. The lowest of these castes, the so-called untouchables,
pariahs or panchamas, represent in all probability the aboriginal
deeply dark-skinned races-who have retreated before the more light-
skinned “Aryan” invaders from the northwest to the south. Accord-
ing to the Indian census of 1941 their number amounted to 48,813,180
among a total population of 254,931,000 Hindus. Their position
among the Hindus has been infinitely worse than that of the Negroes
in the Union of South Africa or in the southern United States. It
amounts to a Jim Crowism of fantastic proportions. Only lately the
position of the untouchables has improved; one of them, Bhimrao
Ramji Ambedkar, became through the help of a native prince a doctor
of science of Columbia university and was appointed a member of the
]Vilferoy’s Executive council in charge of the All-India department of
abour,

Nor are the coloured races free of a highly elated racial superiority
complex equalling, by the open assumption of divine sanction, even
the most extreme cases of white racial superiority feeling. Japanese -
imperialism has been based on a racial theory similar to that of Ger-
many. As the Germans regarded themselves as a race set apart from
other white-skinned people :(Poles or Czechs), and destined to govern
them irrespective of colour, so the Japanese established an official
religion of state, Shintoism, which proclaims Japanese racial superior-
ity over all others, whatever their race or colour. The Japanese re-
gard their country as “the Land of the Gods, whence we perceive the
reason why our national structure is supreme among all the nations
of the world.” ' Japan was founded, according to the official Japanese
doctrine, by the sun goddess, Amaterasu Omikami, from whom the
imperial house is descended. Japan and the Japanese emperor are
therefore singled out above all other nations for world domindtion,
the divine Japanese imperial throne, “coeval with heaven and earth,”
is destined in the official word to “bring the whole world under one

. roof,” the sacred policy of Hakko Ichi-u.

Racial conflicts and prejudices in the colqured world are in no way
confined to the Japanese empire. Even light-skinned Negroes feel a
“colour prejudice” against the black Negroes with pronounced Negro
features, The Chinese empire has extended its dominion over nu-
merous non-Chinese tribes in southwestern China, over Mongolia,
Tibet and Sinkiang, and in the recent past over countries like Annam,
Siam and Burma, which all wish to maintain or to regain their inde-
pendence, Racial conflicts among colonial races are not only provoked
by attempts at domination or by conflicting expansionist ambitions, or
by the subordination of (often very large) minorities to majorities but
also by immigration and economic competition. The immigration of
British Indians to Burma has been as much resented as Chinese immi-
gration to the Dutch East Indies, to Burma, Thailand ‘and other
oriental countries, The British colony of the Straits Settlements in
Malaya had on June 30, 1940 a population of 17,322 Europeans,
149,074 Indians, 9o4,512 Chinese, and only 309,226 Malays. Even in
the native Malay states the Chinese immigrants have outnumbered
the Malays; there, as in many other oriental countries, the Chinese
immigrants dominate most of the economic life of the land.

Nor are bitter “race conflicts” within the same colour group con-
fined to Asiatics or Africans: they are as frequent among the whites,
many of whom are speaking the same or kindred languages and are
closely related in descent. The relations between English and Irish,
Poles and Russians, Czechs and Geérmans, Hungarians and Rumanians,
Castilians and Catalans, Croats and Serbs, Greeks and Turks, have
evoked the same protests against “oppression,” the same bitterness
and affirmation of incompatibility of national temperaments as ever
coloured races voiced against white control.

The position of coloured races is often' much better in colonies de-
pendent upon imperial governments than in. independent countries
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where the white element predominates politically. The Negroes in
British West Africa or in the French colonies of Guadeloupe aqd
Martinique enjoy a much wider participation in political liberty, in
economic and social advancement and educational facilities than the
Negroes in the southern United States or in the Union of South
Africa. In the latter, the Boer has been an especially hard master for
the coloured population; his “colour feeling has something almost
religious about it. He considers it his duty to hate black blood in all
its manifestations” (Sarah Gertrude Millen). In the parts of South
Africa under direct British imperial control, the position of the na-
tives is much better. Cecil Rhodes regarded every educated man ir-
respective of colour or race as a citizen with a right to vote, but the
complete independence granted the Union of South Africa led to a
general deterioration of the position of the natives throughout its
territory. The South African territories under imperial control, Ba-
sutoland, Bechuanaland and Swaziland, protect the status of the na-
tives and their interests far better, and the natives have therefore
violently protested all demands for the transfer of the territories from
the British empire to the Union of South Africa. On the whole it
may be said that the imperial government acts, often together with
Christian missionaries, as the protector of native rights and well-being
against the white settlers and their claims for self-government. This
is the case in Rhodesia and in Kenya.

That colour feeling and resultant colour bars are nothing “natural”
or “inherent” has been shown in a number of countries where har-
monious relations among races in spite of differences in colour have
been established. Such is the case in New Zealand where the small
native Maori population enjoys complete equality, or in Brazil where
the white population mingles with Negroes, Indians and mulattoes,
without any feeling of colour bar. Brazil follows therein the example
of Portugal where a strong African element, largely composed of im-
ported Negro.slaves, has been completely assimilated and absorbed.
At present miscegenation is going on on a large scale in the soviet
union. That even in countries with a severe colour bar no “instinc-
tive” rejection of contact exists can be seen in the southern United
States where Negroes occupy the position .of trusted and intimate
house servants.

From the end of the 1gth century there has been much irresponsible
and unrealistic talk of a great coming conflict of races, a final struggle
between t.he u{hite and the coloured man for the control of the globe.
Japan’s victorious war in 1894 and the Chinese Boxer revolt induced
the German Emperor William II to predict “Asia’s struggle against
all Europe” and to warn of the “Yellow Peril.” A generation later
Oswald Spenglpr, one of Germany’s representative thinkers, regarded
the great coming decision as a war of the coloured peoples, among
whom ‘he counted the Russians, for the control of the globe against
the white race. He summoned the white race, as Emperor William
had done, to a crusade, under German leadership, against the spectre
of a fusion of class war and racial war. At the same time some col-
oured people began to talk of a united coloured front, or of Asia for
the Asiatics, without always explaining which Asiatics should dom-
inate other Asiatics, and Africa for the Africans. None of these slo-
gans, fears and hopes had any foundations in reality. Neither the
white nor the coloured races did or could act as a united force with
identical interests. In World War I as in World War II Japanese and
Chinese interests and their political ideals were as opposed as German
militarism and British liberalism. In Korea the Japanese are more
hated, in the Malay peninsula the Chinese more feared than any
white people. Though the Germans often envisaged a racial war for
the conquest of the globe, nevertheless they ultimately fought their
racial kin, the British and French, the Norwegians and Dutch, and
allied themselves with racially much more distant peoples like the
Italians, Magyars, Finns and the Japanese. The leading theoretician

of National Socialism, Alfred Rosenberg, praised in The Myth of the’

20th Century British imperialism in India as a dike against the flood
of coloured barbarism and warned Britain in the interests of the white
race not to yield to the Indian demands for dominion status. For the
self-preservation of Europe, England was to stay in Suez, and Negroes
in the United States should be deprived of their political rights and
~ shipped to Africa. Rosenberg proclaimed as the aim of all German
policy to “secure the political domination of the white race over the
globe.” To that end; the white man should not tolerate “any Negroes,
any yellow men, any mulattoes, any Jew” in his lands. Though Ger-
many has been leading in racial theories of this kind, there have been
isolated individuals in other countries, who shared this vision or wel-
comed a coming war of colour. But the division of mankind and the
lines of conflict have been drawn throughout the modern period, not
according to colour, but according to national allegiance and political
ideas. Nation fought nation, idea opposed idea, irrespective of colo.ur
or race. And many nations, especially the empires of Russia, Britain,
the United States and France, included men of many races in a
common loyalty. . .
Though colour and race are in no way a decisive factor in con-
temporary group conflicts, colour plays a special role, because it
renders the conflicting groups easily recognizable, facilitates segrega-
tion, places each member irrevocably into his own group and renders
the border line much less flexible than in any other order of division.
These differences of colour make it easier to impose political, economic,
social and cultural restrictions on weaker groups a'nd to keep them
underprivileged. These restrictions show a great variety, ranging from
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minor discriminations in employment and social intercourse to most
serious handicaps, even to complete human degradation as with the
untouchables under Hindu rule or to total annihilation as with the
Jews in Germany.

The most acute colour problems are not found in the relations
within empires or within the international world, but in some multi-
racial countries. There the policy pursued can be either one of segre-
gation, rarely on the basis of equality, mostly on that of privilege or
even of legal discrimination, or one of amalgamation. As environment
and opportunity shape human character more than heredity, amal-
gamation is opposed rather from irrational motives than from any
rational consideration. Racial segregation often serves as an artificial
protection for the status of the poorer classes of the dominant race,
as a weapon for the maintenance of privilege. Racial stereotypes are
used to rationalize political and economic relations. .

A further complication in colour and race relations is introduced
by immigration policies, which wish to preserve the racial homogeneity
of underpopulated countries and to that end bar the settlement or
naturalization of members of certain races. Australia adopted such a
“White Australia policy” at the beginning of the 20th century, Canada
has barred the immigration of Asiatics, and the Union of South Africa
has excluded Indians. The classical country of such an immigration
policy is, however, the United States. According to the most reliable
source, A Century of Population Growth, the white population of the
United States in 1790 was, as regards their origins, 82.1% of English;
7.0% of Scotch, 5.6% of German, 2.5% of Dutch, 1.9% of Irish, and
0.6% of French descent. Negroes came to North America as early as
1619; in 1790 they numbered 19.3% of the entire population. The
second half of the 1g9th century brought a large immigration to the
United States which fundamentally altered the composition of the
population, first in favour of the Irish, and later in favour of eastern
and southeastern European elements. At the same time far eastern
races began to settle on the Pacific coast. As the “melting pot” could
not absorb these new immigrants fast enough, immigration quotas
were introduced first in 1921 and then in the Immigration Act of
1924. The census of 1940 showed in a total population of 131,669,275
the following coloured races in the continental United States:
12,865,518 Negroes, 333,069. American Indians, 126,947 Japanese,
77,504 Chinese, 45,563 Filipino, 2,405 Hindus, 1,711 Koreans and 788
others.

Members of these races suffer under various, and often severe, legal
or social disabilities. The Immigration Act of 1924 established the
exclusion and the inability of naturalization for Asiatic immigrants.
The Chinese Exclusion act, which was first passed in 1882, was re-
pealed in 1943 by the congress of the United States as a recognition
of China’s fight as an ally in World War II, and in 1944 the govern-
ment of India demanded a similar measure in favour of British
Indians. Immigration of Japanese into the United States was for a
time regulated by a “Gentlemen’s Agreement,” but the congress of the
United States excluded all Japanese immigration by the Act of 1924.

The events leading to World War II, the extreme use made by the
Germans of racial prejudice, the growing acuteness of the dangers of
race conflict and of the involved human degradation, again put the
demand for equal opportunity and equal rights of all races, irrespective
of colour, into the forefront of public interest, for the questions of
race and colour relations touch the roots of the social order, The
majesty of justice and law, the substance of democracy and liberty,
are threatened everywhere by the passions and fears evoked by race
prejudice. ~ Christian conscience as well as rational humanitarianism
demand the recognition of human dignity and individual rights in
every human being, irrespective of class, colour or race. The solution
of the problems arising from colour and race forms one of @he great
tasks set before the generation liquidating World War II, in which
both Germany and Japan have put the racial question into the centre
of their propaganda. )
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COLOUR-BLINDNESS, a term applied to a condition of
vision in which the number of colours which can be differentiated
is markedly less than normal. Many different types have been
noted; Schjelderup recognizes at least 18 which need explanation
by any theory of colour vision; and there are evidences of an in-
definite variety of ‘gradations from full trichromatic vision to total
colour-blindness in which all things appear in shades of grey
only. However, the data available at present indicates the follow-
ing types as of principal importance: (1) anomalous trichroma-
tism, involving a minimum of departure from the normal; (2)
dichromatism, in which all colours can be matched by mixtures
of two, instead of requiring three, elementary stimuli; (3) mono-
chromatism, in which there is no discrimination of wave-length
compositions, as such. Colour-blindness may rest either upon con-
genital and non-remediable conditions, or it may be a consequence
of disease or injury to the optic nervous system. In the former
case, the characteristics are biometrically more clear-cut than in
the latter.

Colour-blindness of the first two types listed above is diffi-
cult to detect under ordinary conditions of life, because of the
skill with which the affected individual utilizes brightness cues
in judging the colours of objects. However, when presented with
appropriately selected pigments, or with spectral stimuli, he may
make egregious errors or show an easily measurable departure
from normal. When an anomalous trichromat is required to match
a.spectral yellow with a mizture of spectral red and green, he may
require either more red or more green than the normal, corres-
ponding to the protanomalous and deuteranomalous conditions, re-
spectively. For the protanomalous, reds are reduced in brightness
as well as colour value, and the anomalous trichromats, in general,
show weaknesses of the colour sense in the form of high thresholds,
easy fatigability, increased contrast effects, and the like. It seems
probable that anomalous trichromatism merely constitutes an ex-
treme variant of normal trichromatic vision, which naturally differs
in its exact characteristics from one individual to another.

Dichromatism represents the most common form of colour-
blindness, being a characteristic of about 49 of males and about
one-tenth this proportion of females. It shows the properties of
a sex-linked character in the Mendelian scheme of heredity. These
statements apply primarily to the two forms which are known as
protanopia and  deuteranopia, respectively., Tritanopia, a rarer
dichromatic condition, is associated with pathological rather than
with hereditary defects. Both of the first two forms are character-
ized by an inability to distinguish between reds and greens, when
these colours are adjusted to the same brightness, for a given
individual. In both types, a narrow region of the spectrum, hav-
ing a wave-length lying somewhere between 490 and 500 g,
matches a white or grey, although for the normal observer this
region is a slightly bluish green.

The brightness of the spectrum at the long-wave (red) end is
very markedly reduced in the case of the protanope, yielding a
distorted visibility curve, as compared with the normal. The
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deuteranope has a curve which is approximately the same as that
of the normal trichromat. It is a general rule that colour matches
or equations which are established by the latter are valid for
the former, a fact which is taken to indicate that dichromatism
is derived from trichromatism by the simple dropping out of a
colour component. Tritanopia, or “blue-blindness,” involves a
confusion between blue and yellow, with a neutral band in the
yellow region of the spectrum. It is associated with detachment
of the retina. Data from cases of monocular colour-blindness indi-
cate that the colour sensations of the protanopes and deuteranopes
are confined to yellow, grey and blue. The tritanopes presumably
see the spectrum in terms of red, grey, and green.

Monochromatism is a condition in which all objects or stimuli
appear to be of the same colour—various shades of grey. In
practically all cases, there is-an accompanying condition of day-
blindness or photophobia, confirming the view that monochromat-
ism is referable to complete functional loss of the retinal cone sys-
tem, which is responsible for chromatic discrimination in general.
Vision is thus restricted to the rod system, which is achromatic
even in the normal individual.

For a more detailed discussion of the facts and theories of colour-

blindness, see J. H. Parsons An Introduction to the Study of Colour
Vision, Part II. (1924). (L. T.T.)

COLOURED HEARING, a particular form of synaesthesia,
which manifests itself by the appearance in consciousness of
colours (or various shades of grey) whenever certain sounds are
heard. These colours are most frequently associated with tones
of the musical scale. For some individuals each tone of the scale
has its specific colour; for others all of the tones within certain
regions of the scale will have the same colour. It is seldom, how-
ever, that two people agree as to the colour they associate with
the same tone or region of tone. It has been estimated that
coloured hearing occurs in about 5% of the population.

COLOUR IN ARCHITECTURE refers to the use of

- special pigments to create colour effects in the appearance of a

structure, whether applied purely as decoration, like paint, or
built in"as integral elements of the construction.

The range of available materials is wide. Bricks may be had in
natural tones running from reds through the greys, whites, blacks
and brown. Terra-cotta is burnt clay either unglazed or covered
with coloured glazes fired on to the piece itself. Mosaic in glass,
stone or marble, permits the widest range of tone and pattern,
for it is frankly an application of small elements, each pure in
colour, to a large .composition on a flat or rounded surface.
Marbles in every conceivable tone have always been favourite
elements in the embellishment of buildings; the greenish lime-
stones.so popular in Italy, the warm, golden-coloured stones of
France, the rich Kato or Kasota stones of western America may
also be mentioned here. The granites present blacks, greys, rich
reds and purples; and glass can be obtained in all shades. Metals,
such as zinc, lead, copper and gold combined with alloys, such as
bronze, are fertile with possibilities. Woods, either stained to
emphasize-their natural colour, or painted, allow further latitude.
Paint, either mixed with water as a wash, or combined with oil as
a more permanent covering, has been the usual resource in finish-
ing a building. On roofs, the slates, brown, grey, green and purple,
vie with tiles of baked earth.

USE OF COLOUR IN THE PAST

Historically, the monotone has been widespread since the days
of the Italian Renaissance (see RENAISSANCE ARCHITECTURE). In
Italy such fragments of Greek and Roman architecture as were
then found apparently induced the artists of the period to assume
that little colour had been employed by the ancients. Although the
normal instinct of the Italians, as was later evidenced, tended
towards the employment of interesting variations of colour, the
classic palace of the 14th and 15th centuries developed into a stone
structure, serious in composition and of a distinctly severe mono-
tone in colour. In earlier centuries the cathedrals of Venice,
Palermo, Siena and Florence used a play of marble and mosaic
inlays that gave great distinction to their facades. In Venice, in
particular, the strong Byzantine influence retained colour and dece
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orations such as marked the Doges’ palace and many of the stately
houses along the canals. Throughout Italy, coincident with the se-
vere perfection of such admirable buildings as the Farnese palace
in Rome, came the delightful work of P. Lombardi in the Santa
Maria dei Miracoli in Venice, the sgraffito decoration of Peruzzi
in Rome, the terra-cottas of the della Robbias in Florence. In all
these buildings the artists, fortunately emancipated from the dis-
tinction of architect and painter, gave expression to their talents
in the production of structures agreeable in colour as well as form.

In spite of these agreeable variations the masters of the Ren-
aissance, who were ultimately to inspire -architects throughout

- Europe and America, swept on to a clear type of design. This
tradition leads directly to the present and has consistently main-
tained so strong a check on the designer that the mere considera-
tion of colour on an exterior is often met with shock and sus-
picion. So powerful has this influence been that in every capital
of Europe and the Americas greyish-white stone structures deco-
rated with carvings of the same materials are commonplace. Occa-
sionally red, and more recently buff, brick buildings are seen, but it
is fair to assume that the theory of the greyish mass is dominant.
Before analysing the records antedating the Renaissance it may be
interesting to note that in most of the countries in whose capitals
traditional work was built the popular expressions were vastly
different. In Spain, particularly in the south, the Moorish reac-
tions produced houses brilliantly painted in primary colours, quite
similar to the vigorous handling of the Dutch peasants’ dwellings.
Climatic conditions may, in part, be responsible for the striking
appearance of the Dutch towns, but it is apparent that where no
restraint existed, experiment has been permitted and a most de-
lightful result obtained. Sweden and Norway made similar essays,
which were also somewhat analogous to the brilliant tones of the
Russian peasant buildings. Throughout Bohemia, Poland, Hungary
and Austria, are similar’evidences of painted wood and plaster,
all, to be sure, in the smaller buildings in contrast to the chaste
grey of the aristocratic town structures. It is quite clear that in
European countries where the influence of Byzantium and the
East was strong, colour has ever been dear to the populace and
has been expressed quite as freely on the facades as in the interiors
of their buildings.

Greece.—The theory that the buildings of Greece were of white
marble has of course been shattered since the early part of the
19th century by the researches of Schliemann and countless other
archaeologists, which have proved that the decorative features of
the Greek temples, the mouldings, metopes, sculptures and espe-
cially the non-structural elements were brilliantly painted. Part of
the restorations are necessarily conjectural, but sufficient evidence
is available to show that the great Greek monuments must have
been strikingly beautiful in brilliant colours contrasting with the
purity of the marble mass. It is equally obvious that to the mod-
ern eye, trained to accept whiteness as perfection, the actual Greek
masterpieces would appear garish and startling. A serious attempt
at restoration has been made in the new art museum in Phila-
delphia where, under the direction of Leon Solon, a Greek design
has been executed with terra-cotta in such colours as were prob-
ably employed on the Parthenon. In Rome, more particularly in
the residential buildings, the Greek conception prevailed and in the
excavations of Pompeii and Herculaneum the brilliant contrasts
of painted plaster, coloured marbles and mosaics clearly indicate
a tendency that must have been quite as marked in Greek domestic
work of approximately the same epoch.

Asia.—In Asia two powerful influences were evident. Byzan-
tium, the capital of Rome during the 4th century, exerted great
power not only in Greece and the neighbouring countries of the
Balkans, but indirectly in Russia and Italy proper. Reflecting the
richness of Persia, Egypt and the East in general, Byzantium (see
BVYZANTINE AND ROMANESQUE ARCHITECTURE) poured on the
West a stream of versatility and imagination more particularly
reflected in the lavish use of strongly coloured mosaics. Ravenna
still represents a glorious contribution to the history of the use
of that particular medium. Further east, China had for centuries
produced works of art in painting, sculpture and architecture (see
CHINESE ARCHITECTURE) which were particularly notable in the
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epochs marking a lull in European cultural activity. The Mongol
invasion of the rzth century had done more than conquer Persia
and its great empire. Chinese forms, decorative motifs, were
promptly absorbed in Persian decoration and some of the influ-
ence of China through Persia found its way to Spain. India like-
wise had developed a rich heritage of architecture (see INDIAN
ARCHITECTURE ; INDONESIAN AND FARTHER INDIAN ART) coloured
no doubt by both China and Persia in proportion to the invading
successes of their various rulers. All this truly eastern art ex-
pressed itself vigorously in sumptuous colour arrangements: in
the buildings by the use of burnt clays, in lacquers by the lavish
use of gold, crimson, etc., and quite noticeably in the magnificent
costumes embroidered on the richest silk and satin. Marco Polo’s
amazement at the glories spread before his eyes in his travels
through Persia, Turkestan and China was a sincere acknowledg-
ment of the existence of something at least unusual to a Venetian
in the days of the glory of his native city.

Gothic Architecture.—In Europe with the development of
Gothic architecture (g.v.) it was evident that some of the rich-
ness of the East would remain. Curiously enough, the fact that the
Gothic sculptured reliefs were quite as brilliantly painted as their
prototypes in Greek Art is equally ignored. The interiors of the
Sainte Chapelle in Paris and the restorations of some of the earlier
chiteaux in the Loire district indicate what the Gothic painted

. decoration must have been. Much of the Gothic sculpture of the

13th century was fully painted though, to be sure, the actual
monuments retain little indication of colour apart from the bril-
liant stained glass (g.v.). It is evident that this desire for ex-
pression in colour would appear in varied forms in different peoples
and throughout their histories. The Spanish iron work (see IroN
IN ArT) of the 16th century, possibly the finest in Europe, is like-
wise enriched with reds, blues and gold, all handled with the bold-
ness of master craftsmen. Brussels is noteworthy for its great
Place surrounded by stone structures now quite dark with the
patina of age, but superbly ornamented with gold decorations.

Primitive peoples are lovers of colour in precise relationship to
their independence of so-called civilized contacts. The artistic ex-
pression of the tribes of Central Africa, the natives of Polynesia,
the Incas of South America, the Mayas of Central America, the
American Indians and, finally, the Esquimaux, is shown in bold pat-
terns of pure colour which cover the most sacred structures and
also the boats, tents and domestic vessels. In Asia, the Assyrians
produced magnificent tile decorations which are among the gems
of the Louvre collection. Egypt in its constant unfolding of its
treasures from the royal tombs proves the freedom and versatility
of her artists (see EGYPTIAN ARCHITECTURE). The furniture,
pottery, glass, jewellery, fabrics, indicate an understanding of the
combination of colour and form that is almost incredible. In
Persia the magnificent blue dome of Ispahan, the tile, lacquers,
rugs of Persian history from the Sassanian period to our day are
additional indications of an instinct for colour that has persisted
through the historic races of the world.

CONTEMPORARY PRACTICE AND THEQORY

In approaching contemporary architecture, one is faced with
certain preconceived theories as to what is acceptable. If an
architect ventures to experiment, even though he directly copies an
example of accepted historic reputation, he risks making his build-
ing conspicuous. The tradition of the monotone has developed so
uniformly that the very knowledge of how to experiment seems
to be a lost art. The painter theoretically equipped to handle
colour has withdrawn to his studio and in his own restricted
dignity produces canvases that may or may not eventually deco-
rate a building. Where the public might gain from the exercise of
his ability he refrains, not necessarily from choice but for the
obvious reason that where all buildings are monotonous there is
no need of a colourist.

The New Architecture.—Granting that tradition has re-
strained development and that under existing conditions extensive
use of colour is impossible, a new factor of enormous influence has
appeared.  The tall building on a comparatively narrow street in
one of our big cities can no longer employ the decorative forms
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so lovingly and superbly handled by the masters:of the past (see
ARcCHITECTURE).. Two reasons are evident: copying any man’s
work intended for a particular place or period is not only false but
a stamp of inability in design; the detail, charming in a structure
40 ft. in height is ludicrous in one 400 ft. higher. If the detail, as
much of the earlier American sky-scraper architecture shows, is
merely inflated to suit the increased distance from the eye the fal-
lacy is no less obvious. The decoration of the tall building must

produce the same agreeable effects of rhythm, symmetry, pictur- |

esqueness, sparkle or whatever basic theories the designer wishes,
with quite new mediums. Flat surfaces take the place of the obso-
lete cornices, and colour in surfaces, in proportion to the distance
from the observer, marks the accents that the artist desires. The
practical question of material, whether the effect will be produced
in burnt clay or terra-cotta, bricks covered with glazes baked under
high temperatures, mosaic or glass, will depend, in large measure,
on the ingenuity of the designers themselves. -What seems to be
particularly vital, however, is the conception of the use of colour
as a part of the structure and not as merely applied ornament.

The dream of a coloured city, buildings in harmonious tones
making great masses of beautiful pattern, may be less of a vision
if the enterprising city developer realizes what it means. There is
evident economy of effort in the application of colour in lieu of
carved decoration which cannot be seen; and the novelty of a
structure distinguishable from its neighbours has a practical value
which must appeal without question to the designer and his public.
The precise manner of handling colour, whether in masses, adapted

as contrasts to the major tone of the building; as accents only, or |

in the entire structure by reason-of its basic material, depends
again on the programme of the creative designer; but a positive
conception of the employment of colour cannot countenance mere
spots of bright tiles, marbles or other substances used to relieve the
sobriety of a facade. The individual must learn what media fit
his taste and are adapted to the conditions of his work.

The classic conception of colour was that functional elements
should be in base colours, particularly where stone and metal were
employed, and that only decoration should be toned. In modern
construction, where the entire facade is applied to a skeleton frame
of concretesor steel, the design would be false if the artist persist-
_ently emphasized classicism where all construction is evidenced
on the facade. As he creates his design, if he is willing, he can
attempt accents and effects quite in keeping with contemporary
building practice.

In recent years little of actual value has been produced that
would indicate broad acceptance of the need of colour on buildings.
The Radio City buildings in New York, striking as they are inimass
and arrangement, carry on the classic principle of grey masses re-
lieved by richly decorated sculptures and entrance features. They
do not indicate a departure from the norm of the stone block.

In exposition architecture, however, the public has been privi-
leged to see what might be accomplished with the architects en-
couraged to experiment. Here the painters have been asked to co-
operate. In Chicago, in 1933-34, while the results were somewhat
confused due to a lack of organization in scheme, the effect was
nevertheless striking and had a considerable influence on the many
visitors. In New York in 1939—40, a more carefully analyzed col-
our scheme, using mural paintings to a degree before unknown and
accepting a policy of separating the Fair into broad zones of colour
—gold, blue, red, white,—produced a superb effect of mass, that
at night, with the added attraction of lights carefully set to pro-
duce accents on trees, flowers, and the building blocks; developed
a substantial result in the use of colour on buildings. g

It is important to note the fact that the painters helped materi-
ally to accomplish this effect. Paint was the main element, for the
use of more substantial materials could not be general in view of
the cost. To the public the Fair in New York demanded compari-
son with the white Exhibition of Chicago in 1893, which capti-

vated the eye as an expression of neo-classicism, and where no

colour of any consequence appeared. The World’s Fair in San
Francisco in 1939—40 also was designed with similar concentration
on brilliant colour masses. The possibilities of colour in large
masses have been established. '
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COLOUR INDEX, in astronomy, the difference between the
visual magnitude and the photographic magnitude of a star. Since
the ‘ordinary photographic plate is proportionately more sensitive
to blue light and less to red, this gives a measure of the colour of
star. The colour index ranges from about —o.5 mag. for the bluest
(hottest) stars to more than 2.0 mag. for the reddest stars.

COLOUR IN FLOWERS: se¢ ANTHOCYANINS AND ANTHO-
XANTHINS.

COLOURING MA’I‘TERS s see DYEs, NATURAL; and DVES,
SYNTHETIC ~

COLOUR MEASUREMENT (Munsers SystEm). The
first essential to the application of the Munsell Colour System is
a clear understanding of the three dimensions of colour, and once
having grasped the simple logic of these,the practical advantages of
the system will be manifest.: Colour has three dimensions—Hue,
Value, and Chroma, which fully and accurately describe any colour
as readily as the three dimensions of a box describe its length,
width, and height.  The idea of the three dlmensmns of colour
may be expressed thus:

( K
\ ? =
N A
HUE VALUE CHROMA
Measurement around Measurement up a Measurement on a hori-
a circle vertical pole zontal away from a ver-

tical pole
With these three simple directions of measurement well in mind,
there need be little confusion in comprehending what is meant by
colour measurement.

Hue.—This first dimension is defined by A. H. Munsell as, “The
quality by which we distinguish one colour from another, as a
red from a yellow, a green, a blue, or a purple.” Suppose that a
spectrum 'is cast by a prism, or a section of a rainbow. It is
true that it contains all visible hues, merging one into the
other by indistinguishable degrees—but always in a fixed order.
Now imagine that such a spectrum is fixed or printed on a band
of paper and that it begins at one end with red and going through
all possible hues, it arrives back at red again at the other end.
The hues are unevenly divided and they merge one into the other
by indistinguishable degrees. But, preserving the order of these
hues, divide them into equal steps, as a ruler is divided into

-inches, by selecting familiar colours—red, yellow, green, blue,
i purple. These may be called the Principal hues but between each

of them another division is made, where each merges into the

‘other. These may be called yellow-red, green-yellow, blue-green,

purple-blue, and red-purple, and they will be known as Intermedi-
ate hues because they are intermediate or half-way between the
Principal hues. The five Principal and five Intermediate hues may
be called the major hues. Now, if this band is bent into a circular
hoop, so that the red at cne end meets and laps the red at the other
end, there has been constructed
a perfect scale of hue in the cir-
cular form, with the five Princi-
pal hues opposite the five Inter-
mediate hues. The circle of hues
with the five Principal hues and
five Intermediate hues is shown
in this form in the accompanying
colour plate: The selection of
five colours for the Principal hues is based on their complementary
hues as determined by “after image.” The five Principal hues and
their complements, the five Intermediate hues, divide the hue
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circle into ten parts—visually equidistant one part from another
and readily expressed by the decimal system. So it is that
when one states the first dimension of a colour, one is referring
to its position on this circular scale of hues. In writing a colour
notation, this first dimension is expressed by the initial letter of
the hue—R for red, a Principal hue, and BG for blue-green, an
Intermediate hue.

These ten steps being decimal numbers, may, of course, be in-
finitely subdivided and it may frequently happen that a given
colour does not fall exactly on any of these ten divisions of hue,
but somewhere between two of them. Allowance has been made
for this by dividing each of the steps of the Principal and Inter-
mediate hues into ten further divisions—called Special Intermedi-
ate hues. These ten subdivisions represent about as fine a varia-
tion of hue as even a trained eye can distinguish, and it would be
obviously futile, for practical purposes, to carry it further. The
numerals run from 1 to 1o, 5 always marking a Principal hue or
an Intermediate hue and 1o always falling half-way between a
Principal and an Intermediate hue. Thus the system has a series
of numerals denoting any practical step or gradation between one
hue and another and in writing a colour notation, of which one
of these special Intermediate hues is a part, the numeral is given,
denoting the position of the hue on, this scale, before the letter
which stands for the nearest Principal or Intermediate hue, thus
7 R, 3 YR, 2 Y. The ten major hues then are expressed: 5 R,
5 YR, 5 Y, etc. The notation 10 R may also be expressed as Red
Yellow-Red, it being half-way between these two hues, similarly
10 Y becomes Yellow Green-Yellow, etc.

These are called Second Intermediate hues.

Diagram showing the 5 Principal Hues, the 5 Intermediate Hues, the 10
Second Intermediate Hues, and the 80 Special Intermediate Hues (indicated
by the numeralsZ 1, 2,3, 4, and 6, 7, 8, 9), in the 100 Hue circuit.

It should be remembered that the hue Red embraces all reds
whether light or dark, weak or strong, its hue merely determines
its point on the spectrum hue circle. »

Value.—This is the second dimension and is probably the sim-
plest to understand. It is, according to Mr. Munsell’s definition,
“The quality by which we distinguish a light colour from a dark
one.” Note that the first dimension did not tell whether a
colour was light or dark. It told, for example, that it was red
and not green, but there may be a light red and a dark red, and
it is the function of this dimension of Value to tell how light
or how dark a given colour may be. For this purpose a scale of
Value is needed, which may be imagined as a vertical pole or
axis to the circle of Hues, black at the lower end, representing
total absence of light, and white at the top, representing pure light,

‘this particular blue, regardless of its other
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and between these a number of divisions of grey regularly graded
between white and black. This gradation could also be infinite.
Since pure black is unattainable, it is called zero and the scale
begins with the darkest grey as one, numbering the steps up to
nine, which is the lightest grey. Pure white, which is also un-
attainable, may be called ten. In the prac-
tical use of the scale of Value, therefore,
there are but nine steps and the middle
one of these is five—which is referred to
as Middle Value. The Value scale is
shown in this form in the accompanying
colour plate with proper divisions between
black and white. In writing a colour nota-
tion this dimension of Value is expressed
by a numeral, which denotes at which
step on the scale of Value the colour falls.
This numeral is written above a line, as
B 6/ for example, by which is meant that

qualities, is as light or as dark as the sixth
step upon the scale of Value. A colour
such as is called “maroon” is an example
of a red which is low in value, because it
is dark,and what is called a “pink”isared
which is high in value, because it is light.

Chroma.—When it is stated that the
colour is blue or yellow or green, and that
it is dark or light, two of its important
qualities are indicated—its Hue and Value, but this by no means
describes it completely. It may be said of a flower that it is red
and that it is light, but it may also be said that a certain brick
is red and also light, and yet there is a notable difference between
their respective colours, if they are placed side by side. Both
may be red and of the same Value, but the flower is strong in
colour and the brick is weak in colour, or greyer. It is this differ-
ence which is measured on the dimensions of Chroma. This di-
mension is the measure of the strength or weakness of a colour.
The scale of Value may be referred to in the convenient and
easily understood form of a vertical pole, which represents the
neutral axis of all the circle of Hues and is, of itself, of no
colour, but is pure grey. Around this pole may be placed the
band representing the scale
of Hue and then any one
of these hues on the cir-
cumference of the band
may be imagined as grow-
ing inward toward the
grey pole in the centre,
growing greyer or weaker
in colour strength until it
reaches this centre pole
and loses 1its colour en-
tirely. This gives a visual-
ization of the idea of the
dimension known as
Chroma. By dividing these
bands into regular measured steps, one has a scale upon which
the strength of colour may be measured. This dimension of
Chroma is written in a colour notation by means of a numeral
below a line, which denotes the step upon the Chroma scale at
which it falls, thus /2, /4, /8, /10, etc.

Needless to say, all of the Hues may be thus measured on this
dimension at right angles to the vertical pole and grading from
grey, step by step away from the pole to greater and greater
strength of colour.

A complete Chroma chart of red is shown on the colour plate;
on this chart the vertical scale of Value is repeated to emphasize
its position in relation to Chroma.

There are two important facts which should be considered.
First, colours differ by nature in their Chroma strength, some be-
ing much more powerful than others. The strongest red pigment
used, for example, is approximately twice as powerful as the
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Measure of the lightness or darkness of any colour.

|/1/2/4/6/8/m/u/14

HUE

Quality that distinguishes one colour
from another.

CHROMA

Measure of the strength or weakness of a colour.

At the right is a projection
showing the Principal and
Intermediate Huesarranged
radially in ten equal di-
visions about the verti-
cal scale of Value in the
same order as the Hue
circle above. For sim-

plicity, Hues are shown
only at the Value in which
they reach their strongest
Chroma. A complete Tree
would show each Hue de-
veloped completely from
black to white, as shown in
the red Chroma chart above.

Example 1 Example 2

THE COLOUR TREE

m
Purple-blue with grey and

small areas of the complemen- (2)
tary yellow. Note the yellow- A free use of a number. of com-
ish hue of the grey, a result of plementary hues, 'purples and

simultaneous contrast. green-yellows predominating.
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strongest blue-green pigment and the red pigment will, therefore,
require a correspondingly greater number of steps on a longer
path to reach grey. The second fact is that all colours do not
reach their maximum Chroma strength at the same level of
Value. It can be readily comprehended, for example, that the
strongest yellow pigment is by nature much lighter, or higher in
Value, than the strongest blue pigment and, therefore, the com-
plete Chroma paths of these two colours will each touch the
neutral pole at different values.

The form, which conveys most completely the character of
colour qualities and dimensions governing the range of pigments
in regular use, has been conceived by A. H. Munsell as a “Colour
Tree.” The “Colour Tree” has for its trunk the vertical scale of
Value and the branches represent the different hues arranged
radially about the trunk, these branches varying in length with
the Chroma strength of each hue. A colour tree is shown in this
form in the accompanying colour plate—the wvertical scale of
Value in the centre with the ten major hues are shown only at the
Value level at which they reach their strongest Chroma. If each
hue was shown at every level of Value the figure would become a
solid with the strong colours outside gradually becoming greyer
until they reach the grey Value scale.

Each of the three dimensions by which any colour may be meas-
ured has been described, and also how each is written in a colour
notation. It remains only to put these separate notations together
and to write a complete notation embodying all three dimensions.
For example, given a certain colour to measure and define, it is
found that upon the scale of Hue it is Purple-blue. Upon com-
paring it with the scale of Value, it is seen to be but three steps
from the bottom, and two steps away from the neutral grey pole
upon the scale of Chroma. A complete notation for this colour
would, therefore, be written PB 3/2. It is scarcely necessary to
point out the practical advantages of such a system of definite
measurement and notation over the vague and variable terms in
general use, borrowed from the animal, mineral, and vegetable
kingdoms, such as plum, olive, fawn, mouse, etc., of which no
two persons ever have quite the same idea.

The Use of Colour.—Contrast in Value is, perhaps, the most
important factor in a composition or design. Value difference
alone without regard to Hue or Chroma may make or mar the
result. Value contrast will make lettering or type, for example,
legible or illegible. A colour of middle Value will be least dis-
tinguishable on another colour of equal Value and the greater
the contrast in Value the better the legibility.

Maximum contrast is obtained by the use of colours of ex-
tremely strong Chromas if they differ sufficiently in Value from
black or white, or one another. Some examples of this form of
contrast would be a yellow of extreme Chroma on a black; a low
value purple-blue on white; a strong yellow on dark blue.

It is also useful to know the relative power of colours. Of'

course in considering the power of a colour it is impossible to
think of it without a background colour and the contrast of Value
and Chroma must be considered.

A strong yellow on a black field is an. excellent example of
maximum visibility. Although certain other factors have a bear-
ing on the case, this visibility may be attributed to the extreme
contrast plus the power of the yellow. The power of a colour may
be considered as the product of the Value times the Chroma. The
magnitude of the product is a good indication of the worth of a
colour from the attention or attraction standpoint. Thus, a
bright, strong yellow-red would be considered as a powerful colour
because of the large product resulting from its high Value and
strong Chroma.

For example, in terms of the Munsell notation a yellow-red at
its present extreme Chroma would be YR 7/13 with a power
product of 91 (7 x13), whereas the strongest red R 4/14 has a
power product of only 56. The strongest available yellow Y 8/12
will have a power of g6, a little higher than the yellow-red.

The simplest use of colour is the monochrome, by which one
hue alone is used in its many combinations of Value and Chroma.
Some of the pleasantest colour harmonies are in the group called
“neighbouring” or analogous colour schemes which utilize a series
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“of hues in their sequence on the chromatic circle.

Complementary colour schemes offer great varieties of colour
relationships from the strongest to the weakest contrast, depend-
ing on the Value and Chroma adjustment. When complementary
colours are used together they have the effect of making each other
more brilliant. This should be borne in mind in selecting the
proper Value and Chroma, because if the same Value and Chroma,
of each colour is used, an unpleasant condition of vibration be-
tween the two colours will occur.

If one colour of a pair of complementaries is weakened in
Chroma, the other will appear still brighter by contrast. Comple-
mentary pairs may be used in all the steps from low to high Value
and weak to strong Chroma, depending on the purpose of a design.
More than one pair of complementaries may be used in a com-
position and possibilities in this group are limited only by the in-
genuity and taste of the designer.

In summing up, remember that while genius may work in vio-
lent colour combinations, those of lesser talent must play safe.
Satisfactory results may be achieved if colours of low Value and
weak Chroma are used for larger areas and the small areas are con-
trasted with colours of high Value and strong Chroma.

Two examples of the use of colour are shown in the accompany-
ing colour plate. The first of these shows the use of purple-blue
with grey and small areas of its complementary yellow. The pur-
ple-blue is low in Value and moderate in Chroma as it occupies
the larger area of the design. Its complementary yellow is high in
Value and strong in Chroma. The grey shown in this example ap-
pears to be a yellow very weak in Chroma—this is the result of
simultaneous contrast, the large area of purple-blue causing the
grey to appear yellow (its complement) in comparison. The sec-
ond example shows a free use of a number of complementary hues,
purples and green-yellows predominating.

The context of this article is principally a revision and condensation of ‘A Practical
Description of the Munsell System” written by T. M. Cleland for the Strathmore Paper
Company. Material has also been used from ‘“A Color Notation” by A. H. Munsell, and
“Munsell Manual of Color” by F. G., Cooper. The section on ‘“Use of Colour” and the
two sketches, by Rudolph Ruzicka are from ‘“Three Monographs of Color” published by
the Research Laboratories of International Printing Ink Corporation, a division of
éntgi'lchemical Corporation. = Article and colour plate arranged and designed by’ Arthur

. Allen.

COLOUR MILL, a machine used in mixing and grinding
paints. Its history may be traced back to'the time when man
first discovered that paint was made more tractable, and con-
sequently furnished a more beautiful surface, by thoroughly grind-
ing the contents. He secured two flat stones, placed the paint
on the upper surface of the bottom stone, and milled it by rotat-
ing the top stone by hand. This method was slow and tiresome,
and finally the principle was applied to a sort of gristmill type
of which our present mills are a direct descendant.

Colour mills, or paint mills, fall into two general classifications:
(1) those designed to grind or pulverize dry colours or dry paints,
(2) those designed to grind paste paints and ready-mixed or liquid
colours. The dry colour mills are divided into three groups:
(1) The ball mill, which consists of a large cylinder made of
cast iron, steel or bronze, and contains a quantity of balls, of
similar metal, which pulverize the colours. as the cylinder rotates;
(2) The buhrstone mill, which is similar to the old-fashioned
gristmill; (3) The disintegrator, which powders' the dry colour
by forcing it through closely set steel discs revolving at a tremen-
dous speed. This is the most modern type of dry colour mill.

It is necessary to grind paint thoroughly in order to “wet”
each pigment particle with the so-called paint vehicle, to break
up the agglomerates of pigment particles, and to expel the occluded
air. In the case of the fine oil colours, artists’ colours and inks,
the pigment particle itself is actually ground finer. Thus the
desiratum of the grinding procedure is the creation of paints per-
fect in texture and supreme in beauty of colour.

The paste and ready-mixed paint mills are of five types: (1)
the stone mill, (2) -the roller mill, (3) the pebble mill, (4) the
iron mill, (5) the colloid mill. The most widely used of these is
the stone, or buhrstone, mill. It is made of two flat, round stones,
which are usually cut from Virginia or North Carolina buhrstone,
French buhrstone, or Esopus stone, which is softer than buhr-
stone. The top stone is stationary and has a hole or eye in its
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centre, the size of which depends on the size of the mill. The
lower stone, which rotates, is solid and adjustable, which means
that it can either be forced up hard against the top stone, or
that any desired clearance between the two stones can be main-
tained. The paint to be ground is dropped through the eye of the
top stone and a grinding action is accomplished by the rotation of
the lower stone, which forces the paint between the grinding
surfaces of the two stones.

Stone mills vary in size from 8 in. in diameter, for laboratory
use, to 6 ft., although the sizes in general commercial use range
from 15 to 36 inches. Some are water-cooled and others have
no cooling device, and others are also made in “tandem form”
which consists of two mills in one, for double grinding. Grooves
about # in. deep are cut into the grinding surfaces of the stones
in such a manner as to give to the paint a scissor-cutting action
between the stationary and revolving stones. For producing the
most beautiful and delicate colours, the water-cooled 15 or 20 in.
stone mills are used, the paint being reground until, when tested,
it is found to be absolutely speckless.

Roller mills are constructed with one, three, or five chilled
steel rollers, the three-roller type being the most widely used.
These mills grind the paint by pulling it between the closely set
rollers. Printing inks and the finest of enamels are ground on this
type of mill and in many cases colours are ground and reground
several times in order to produce the finest possible texture.

The pebble mill is constructed with a large cylinder holding
55% paint and 459% pebbles. By rotating the cylinder the pebbles
fall through the paint and break up the agglomerates or lumps.
This type of mill is generally used for grinding paints in the
ready-mixed form, whereas stone or roller mills are generally
used for grinding in paste form. The iron mill operates on the
same principle as the stone mill, except that the grinding sur-
face is smaller and of iron. This type is practically obsolete as
paint “grinders,” but is ‘still being used to “feed” stone mills.

Colloid mills, which are the most recently developed, are high
speed mills grinding by forcing the paint through the minute
clearance formed by the swiftly revolving steel “rotor” and the
stationary steel “stator.” ‘The faces of the “rotor” and “stator”
are machined with such precision that they can be adjusted to
form an exact clearance of ;%5 in. throughout their entire
circumference. This mill is more of an emulsifier than a grinder,
and is not being used extensively in the paint trade.

(G.W. C)

COLOUR-MUSIC is the term most frequently employed to
designate an art which makes use of varying light or lights as its
principal means of expression. The first mention of such an art
was made in the eighteenth century. From very ancient times,
however, certain analogies had been observed between colours and
sounds and particularly between the principal colours of the rain-
bow and the seven notes of the diatonic scale. The analogy be-
tween colour harmony and sound harmony was remarked upon by
Aristotle in his De Sensu, while in the sixteenth century Arcim-
boldo, a Milanese painter, invented a system of colour harmony
based upon a colour scale analogous in its order to the musical
scale. -

That there was some mysterious fundamental relationship be-
tween colours and sounds was a natural assumption in an age
which was given to philosophizing upon the “Music of the
Spheres.” No doubt Kepler’s The Harmonies of the Universe
considerably influenced Sir Isaac Newton, whose -sponsorship of
the analogy gave it an authority which it has continued to possess
to this day. Newton was struck by an analogy between the relative
spaces occupied by the principal colours of the spectrum and the
ratios of the notes of the diatonic scale, but as this observation
depended entirely on the deviation of the particular prism he
employed his conclusions were inaccurate, and it is probable that
he himself later realized the nature of his mistake. Without
question, however, his arbitrary division of the spectrum into
seven principal colours has misled numberless colourists and it
was not until late in the nineteenth century that it was proposed to
develop an art of light entirely independent of the art of music.

The undulatory theory of light first propounded by Dr. Thomas
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Young in the Bakerian lecture before the Royal Society in 1801,
and later incorporated into the general theory of electro-magnetism
in the hands of Clerk Maxwell and others, provided a new mathe-
matical foundation upon which the indefatigable analogists might
once more erect their specious systems. The measurement of the
wave lengths of visible radiation, the curious fact that the fre-
quency limits of visible radiation lie within the approximate
compass of one octave, the fundamental similarity of the physical
behaviour of electric waves and that of mechanical sound waves
(namely, the similar laws of reflection, refraction, interference,
etc.) all contributed towards an increasing confidence in the
intimate correspondence between the two groups of phenomena.
Only such great physicists as Helmholtz seemed to be able to per-
ceive the deep divergences between the two and to refer at last
to the weakest point in the argument of the analogists, namely, to
the radically different construction and characteristic response to
stimuli of the two organs of sense involved, the eye and the ear.

Louis Bertrand Castel (1688-1757) was probably the first to
propose an art of colour-music. Born at Montpellier, November
11, 1688, he became a Jesuit and was recognised as one of the most
eminent mathematicians of his day. He first describes his La
Musique en Couleurs in 1720. Esprits, Saillies et Singularités du
Pére Castel, published after his death in 1763, contains a chap-
ter, “Clavessin pour les Yeux,” in which Castel states his general
theory of colour-music, and describes a colour clavessin so con-
structed that the keys not only actuated the tongues for pluck-
ing the strings but also revealed certain transparent coloured
tapes. Presumably it was his intention to place sources of light
behind these.

Castel pursued his experiments with immense enthusiasm and
wrote as intelligently about the subject as anyone ever has, but
he was inevitably scorned by his contemporaries and almost for-
gotten by those who followed him. The fact remains that if any-
thing ever comes of ‘colour-music, Castel will hold the position of
the great pioneer who first explored the ground. He is the Giotto
or Guido d’Arezzo of colour-music.

D. D. Jameson wrote a singular little pamphlet on colour-
music in 1844. He proposed a notation and gives examples. Ap-
parently he constructed an instrument of some kind and gave
demonstrations. He employed glass containers filled with coloured
liquids and projected light through these filters into a room lined
with tin plates. Mechanically controlled shutters were used.

A prophetic passage occurs in a book called Music and Morals,
by the Rev. H. R. Haweis (1875)—“And here I will express my
conviction ‘that a colour-art exactly analogous to the Sound-art
of music is possible. . . . Nor do I see why it should not equal
any in the splendour of its results and variety of its applications.”

Bainbridge Bishop of Essex County, New York State, having
read Chevreul and Field, built (1877), a projection instrument
which formed part of a house organ, by means of which he could
blend colours on a small screen simultaneously with the playing
of music, by attaching levers and shutters to the keys and direct-
ing first daylight and later the light from an electric arc through
coloured glass.

, William Schooling in an article in the Ninefeenth Century
(July, 1893), described an art of colour-music on the lines of the
sound analogy, and proposed to use various vacuum-tubes, with
intensity control in conjunction with a keyboard. This article was
written in 1893.

In the same year Professor Alexander Wallace Rimington
(1854-1918) had independently conceived the idea of a colour
organ which he patented and constructed. It was completed in
1893 and he gave a private demonstration of its powers at the old
St. James’s Hall, London, on June 6th, 1895. A complete account
of ‘his theories and experiments, and of the colour-organ may be
found in his book Colour-Music: The Art of Mobile Colour
(1911).

The project was next considered by Louis Favre, in his La
Musique des Couleurs et les Musiques de I Avenir (19oo). In the
same year E. G. Lind, F.A.I.A., discussed a music-colour system
and ‘a projection instrument in The Music of Color and the
Number Seven.
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Mary Hallock Greenewalt, an American pianist, is one of the
ablest experimenters of the present time. Though not insisting on
a combined art of light and sound; she has spent most of her
labours in the attempt to achieve such an aesthetic unity and her
many patents and instruments are directed mainly to this end.

Thomas Wilfred, born in Denmark in 1889, began experiment-
ing in 19o5 and is perhaps the most active of contemporary colour-
musicians. Proceeding on independent lines he has from the first

refused to be misled by the sound analogy. In 1919 he completed |

his first important colour-projector in America, where he now
resides, and this he named “The Clavilux.” He has given colour
concerts throughout the United States, and during 1925 he gave
concerts in Paris, London and Copenhagen,  Wilfred’s procedure
is to project upon a screen an even flood of light into which he
introduces fantastic figures which rhythmically move and at.the
same time alter their form and colour.

In Australia, Alexander Burnett Hector has for some years ex-
perimented with various forms of colour-music. His first colour-
organ made use of ordinary incandescent lamps combined with
Geissler and X-ray tubes. M. Luckiesh, an American illuminating
engineer, has also given the subject considerable attention and has
experimented with various instruments for the production of
mobile colour effects.

Other experimenters have been M. Carol-Bérard and M. Va-
lére Berneird in France and Leonard C, Taylor, Claude Bragdon
and Adrian Bernard Klein in England. The last named has con-
structed an instrument embodying optical means for the produc-
tion of coloured light by prismatic dispersion, the addition of
white light to monochromatic light, control over wave-length and
luminous intensity. The projector possesses an electrically . oper-
ated key-board and is well suited to experimental work in all forms
of colour-music.

Before dlscussmg the theoret1ca1 requirements. for an art of
colour-music brief reference should be made to the phenomenon of
colour audition (synaesthesia), whereby many musicians associate
different keys with different colours. One of the earliest scientific
investigations of this phenomenon is that recorded by Francis
Galton in his Inquiries into Human Faculty (1883).

The “coloured hearing” of Scriabin, the Russian composer, led
him to compose his Prometheus, the Poem of Fire, for which he

- wrote an accompaniment of changing coloured light. It was per-
formed in Moscow in 1911, with a colour-projection apparatus
which apparently failed to function, and some years later (March
20, 1915), at Carnegie Hall, New York, with a “Clavier & Lu-
miéres,” when, however, the results were not impressive,

Will colour-music as a means of expression ever be accorded
the dignity of one of the great arts? At present it:is.impossible to
say. Yet there seems no reason why the aesthetic enjoyment
derived from the perceptlon of the unity of a musical composition
its parts having unfolded in time, should not be aroused, equiva-
lently, by observation of the constructlon of the various colour
motifs, of combinations of sequences, and of the logical develop-
ment of these, in a composition of light. The view is sometimes
expressed that colour has little or no interest when it is divorced
from form or familiar shape, but the literature of the subject is
full of enthusiastic reports by those who have witnessed demon-
trations of colour-music. i

A great physicist, Prof., Albert A. Michelson, referring to the
colour effects familiar to those who use optical instruments has
written in his Light Waves and their Uses (1903), “Indeed, so
strongly do these colour phenomena appeal to me that I venture
to predict that in the not very distant future there may be a.colour
art analogous to the art of sound—a colour-music in which the
performer seated before a literally chromatic: scale, can play the
colours of the spectrum in any succession or combination, flash-
ing on a screen all possible gradations of .colour, simultaneously
or in any desired succession, producing at will the most delicate
and subtle modulations of hght and colour, or the most gorgeous
and startling contrasts and colour chords' It seems to me that
we have here at least as great a possibility of rendering all the
fancies, moods and emotions of the human mind as in the older
art.”

Vo
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COLOUR PRINTING. The introduction of colour print-
ing is obscure, and the claims of the Chinese and Japanese cannot
be dlscounted for it is probable that these peoples were practising’

the methods of colour block printing, which they follow to-day

and for which they are famed throughout the world, long before
the inception of printing from movable types. The use of coloured
inks. was not common with the early printers, but, strangely
enough, the very first books printed at Mainz in the 15th century
were decorated with initials in colour. The “42-line Bible,” be-
lieved to be the first book printed from movable type, contained
initials in red, some printed and others drawn in the spaces left
for the purpose; whilst the later works produced at Mainz had
initials in both red and blue, the Psalter of 1457 being the most
famous of these. Colour printing, therefore, may be said to have
commenced with the birth of the typographic printer’s art. The -
desire to rubricate the new method of producing books in the
early days is not to be wondered at when it is recalled that print.
ing took the place of the beautifully decorated written books pro-
duced in the scriptoriums—works of art which call for the ad-
miration of the world as evidence of unstinted patience and. skill
given to what was often a life’s work. In 1486, the famous school-
master printer of St. Albans produced a book which contained
woodcuts of armorial designs printed in red, blue and brown, but

-strange to relate, when yellow was 1ntroduced it was put in by

hand. This was the first specimen of English printing (and the
last for over 200 years) in which coloured inks were introduced.

Early in the 16th century a new method of colour printing from
wood blocks, called chiaroscuro, was introduced. This consisted
of a black outline to which tints were added. There is uncertainty
about the inventor of this process, both Germany and Italy claim-
ing the credit for its invention. It found great favour on the Con-
tinent.” About this period, what might be called stencilling was
introduced. This was used principally in the production of playing-
cards. About the year 1630 the method of obtaining prints from
copper-plates, into which the design was incised (intaglio) was
practised. There are a number of colour prints in the British
Museum: produced by this process, the method entailing the
rubbing of coloured inks into hollows cut below the surface, and,
when the plate was completely inked, passing it through a press, -
thereby obtaining an impression on a sheet of paper. The 18th
century saw great .developments in the art of colour printing.
New methods were invented, and it was at this period that three-
colour mezzotint prints were produced by a German of French
extraction, named Le Blon, he being the first to apply the prin-
ciples of the three primary colours (without, of course, the aid
of photography) His method was to dissect the original paint-
ing into its primary colour and tints, and make a separate mezzo-
tint plate for each’ colour; these he printed in the respective
coloured ‘inks one. on top of the other and, when the three im-~
pressions were registered into each other, they produced a result
approximating the original picture. Le Blon’s process was largely
practised by others after his death in Paris, in 1741. In 1718 an
Englishman named Kirkall worked a process which had as its
key a mezzotint plate, the colours being added by means of wood
blocks. He also reverted to the original method of preparing an
intaglio plate, dabbing the colours on to the plate by hand. This
method of colour printing is still used for producing costly prints
for art dealers. About the end of the 18th century a large number
of mezzotints, stipples and line éngravings in colour were produced,
the best of whlch now command fabulous prices.

Early in the 19th century, chiaroscuro printing was revived by
William Savage, and some of his prints contained as many as 30
colours. At this time, Senefelder’s invention of lithography was
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applied to colour reproduction, when the picture was printed in
flat tints. It was not until midway through the century that the
superimposing of colour was attempted, and became known as
chromo-lithography. In 1834, the first colour prints by George
Baxter were published. The method employed in producing this
class of colour work, now known as Baxter prints, was by the use
of an intaglio key plate which was printed in black or brown, to
which was added a number of colours printed from wood or metal
blocks. Colour printing from woodcuts and line blocks was carried
on until the introduction of what is now known as the three-colour
process—a method in daily use by letterpress printers. In the latter
half of the 1gth century chromo-lithography began to make rapid
strides, and collotype, a beautiful process, was developed to meet
the demands of art dealers for a high standard of colour printing.
(See CorrorypE.) Mainly due to the application of photography
and the advance of mechanical science, great developments have
taken place in colour printing within the last half century.

Printing Methods.—The basic methods by which prints are
obtained may be summarized under three headings: relief print-
ing, intaglio printing and planographic printing. Each of these
methods has its own peculiar characteristics and each possesses
certain qualifications for the production of work of a distinctive
character, and it is not unusual to find a combination of two, or
even three in modern reproductions.

Relief Printing.—This is generally known as letterpress
printing and embraces impressions obtained. from relief surfaces;
such as type, woodcuts, line blocks and half-tone blocks.

Type—When type is printed in colour, it is usual for the
compositor to set up the matter complete, and then take out the
lines or initials which have to be printed in colour. The space left
blank by the removal of the lines or initials is filled up with
“furniture,” 7.e., material of the same width and length but lower
in depth than type so that it will not print. The matter is then
made portable by locking it into an iron frame, called a chase,
by means of a series of wedges. The types which have been re-
moved are placed in another chase, and are made to register, i.e.,
fit the places left blank in the main forme; this is also done by
making up with furniture. Proofs are then pulled of the two
formes for the purpose of registering the one into the other.
Great care has to be exercised in each printing when putting the
sheets through the machine in order that the colours will print
where they are required.

Woodcuts.—The production of woodcuts may be called a
handicraft and is seldom used for present day commercial re-
quirements, although attempts are being made to revive it in
certain quarters, particularly in the form of cutting the design on
linoleum. The method in this instance is to cut an outline of
the design in relief and take impressions from the block which is
“offsetted,” s.e., a wet impression is transferred to as many blocks
as there are colours to be printed to complete the design. The
cutter removes with a sharp knife those parts of the block that
will not be required for a particular colour of ink in which it
has to be printed. This manner of preparing colour printing
blocks is mainly confined to amateurs and students of art schools.

Line Blocks.—The making of line blocks is a photo-mechanical
process. The artist’s drawing, which must be.in line or stipple, is
placed on the copy-board of a camera, specially made for the
purpose, to which a prism is attached. This enables the image
to be reversed on the photographic plate when the exposure is
made. When developed and dried, the negative is placed in con-
tact with a piece of metal (usually zinc) which has been coated
with a sensitized solution of albumen and potassium bichromate.
The negative and the plate are then placed in a screw frame to
hold them in close contact during exposure to light. The light
penetrating the white lines on the negative, hardens the sensitized
coating and when sufficient exposure has been made the plate is
washed; the parts which have been acted upon by light remaining
hard whilst the parts not acted upon wash away. The parts which
remain on the plate represent the design. This is then protected
by an acid-resisting material and the plate placed in an acid bath
which etches away the unprotected parts of the plate, leaving the
lines and stipple as represented in the design standing in relief.
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Numerous operations take place before the plate is mounted on
wood to make it type high to meet the printer’s requirements.
The outline is known as a key-plate, and colours are added as
required, either by photographic means or by the offset method.
Tints of the colour in which the block is to be printed are pro-
duced by means of stipple, or lines made on the plate before
etching. Many of the delightful colour illustrations in Kate
Greenaway’s, Walter Crane’s and Randolph Caldecott’s books are
printed from woodcuts or line blocks.

Three-colour.—This process is used for the reproduction of
paintings of carpets and other colour subjects and is an adaptation
of what is'known as the half-tone process. A photographic nega-
tive of the subject is taken through a cross-lined screen which
breaks up the picture into innumerable little dots, varying in
number and size according to the grading of the screen, and the
tones contained in the picture. It is by the three-colour process
that a large amount of colour printing for commercial purposes
is produced. When photographing a painting, however, the colours
and their component tints are scientifically separated. This is
done by placing in the camera a piece of coloured optical glass
called a colour filter, representative of one of the fundamental
colours of the spectrum, through which the light passes before
reaching the specially prepared photographic plate. Different
coloured filters are required for each colour sensitive negative.
The object of the filter is to keep from being recorded on the
negative the colours and their tints which are not complementary
to the inks in which the printing blocks are to be printed. For
the blue printing plate a red filter is used, for the red plate a
green filter, and for the yellow plate, a blue filter; and when, as
is usual at the present day, a fourth colour is used, another filter
is employed which is of an amber tint. This fourth colour block
may be printed in grey or black, which greatly assists in over=
coming the difficulties met with in obtaining a correct rendering
of the tones and colours in the original picture and, at the same
time, materially helps the colour printer in producing clean and
regular results throughout a long run.

In making colour plates the ruled screen, which breaks up and
provides the necessary reticulation required for a printing surface,
is turned round so that the dots are at a different angle for each
colour. When the screen negatives are developed they are
photographically printed on to a piece of metal, usually copper,
and etched in a similar manner to that employed in making line
blocks. Before a set of colour blocks is in a condition to be
sent to the printer, however, a vast amount of artistic and pains-
taking work has to be done by etchers who endeavour, by means
of repeated immersions in the etching bath, to obtain results in
the finished print approximating to the original painting. To
obtain the best results from half-tone blocks, a paper with a.
glossy surface, known as art paper, must be used. Objection,
however, is frequently made to the glare of this coated paper but
experiments are being made to make blocks which will print satis-
factorily on a matt (i.e., non-glossy) paper and recent results
give reason to hope that this will materialize in the near future.

Relief Printing Machines.—The types of machine used for
colour printing by relief methods are numerous, but they may be
divided into two categories: (1) Platen machines, where the im-
pression is obtained over the whole of the printing surface at the
same moment; (2) Cylinder machines, where the pressure ex-
tends along the whole length of the sheet but with only about a
1in. contact with the printing surface.

Platen Machines.—Those generally known as “heavy” platens
are most suitable for colour printing. The forme or plate is
securely fixed in an iron frame called a chase, and placed on the
“bed” in a perpendicular position, the inking rollers passing over
the face of the forme, thus inking the surface. The ink, which is
of a buttery consistency, is stored in a trough, and can be reg-
ulated according to the supply required. A sheet of paper is
placed (usually by hand) on to the guides fixed on to the platen,
which is flat and moves up with a rocking motion to get the im-
pression from the inked plate. The platen then rolls back, and
the printer removes the printed sheet with his left hand and places
it on a board fixed to the machine, at the same time placing another
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sheet in position on the platen as it begins to make its upward
movement. Sheeéts of about 223in. by 17%in. can be printed on
this type of machine; but great skill is required to place the
sheet accurately into the guides, which if not done, will prevent
the subsequent colours from registering, i.e., fitting each other so
that the finished print is sharp and clean, and the colour values
of the original are faithfully reproduced.

Cylinder Machines.—These are used for large sheets and a
heavy class of work. In this instance, the formes or plates are
placed in a horizontal position and fixed securely on the bed of the
machine which moves to and fro. Dunng the travel the plates

are inked- by a series of rollers held in brackets. These receive |

their supply of ink from a slab t¢ which the ink has been trans-
ferred from a duct, a trough which can be regulated to supply
the amount of ink necessary. Working in conjunction with the
bed on which the forme is placed is a large cylinder, secured in
brackets; which rotates as the bed makes its to-and-fro move-
ment, carrying with it a sheet of paper which has been placed in
lays. This is taken by means of a “gripper,” which autematically
takes the sheet round the cylinder, and thus obtains the im-
pression from the plates. The sheets are then mechanically de-
posited on to a board, where they are piled up one on top of the
other until they are removed by the printer. On. this class of
machine, sheets ranging from 224in. by 174in. to 6oin. by 4oin.,
and sometimes. larger, are printed. There are special machines
for printing two, three or_four colours before the sheet is de-
livered, but these are not used for the best class of work, although
fair commercial results are obtained by this method, generally
known as multi-colour printing.

By whichever type of machine the work is printed, a great
deal of work requiring care and skill is necessary before the
actual printing of the sheet commences. The blocks have to be
made type high, and this is done by the skilful fixing of pieces
of paper below the wood mount so that the printing plate will
present .an even surface to the inking rollers in order that the
plate. may be correctly inked. This is called underlaying. An-
other operation, called overlaying, is necessary. Briefly, this
means the cutting out and pasting together of pieces of paper and
fixing them on the machine in such a way that the requisite
amount of pressure will be brought to bear upon the different
tones contained in the plate. Thus, the solids would be repre-
sented by the thickest parts of the overlay, the middle tones
correspondingly less, and the high lights just sufficient to make
the impression firm and no more. The treatment of the ink also
requires attention, in order that each colour should print clearly
on the top of the previous one. Care is likewise required to
protect the sheets from the effects of changing temperature;
while the adjustments of the machine have to receive special
attention in order to ensure that each of the colours will register,
otherwise the work would be spoiled.

Intaglio Printing.—The intaglio method of producing prints
is theoretically an ideal one since it produces the tones of an
original in a similar way to that in which many artists obtain

“weight” in a plcture—by applying varying amounts of colour.
In other words, solids in an intaglio print have a greater quantity
of ink than the middle tones and high-lights, the latter being
practically plain paper. The method applicable to this process
may be divided into two sections: hkand work and mechanical.
The first includes engravings, etchings, aquatints, mezzotints and
photogravure. Each process has adistinctive characteristic and
special method of preparing the plate, which it is necessary to
understand when dealing with colour prints commanding high
prices. '

Line Engravmg —The method of preparmg plates for line
engraving is as follows: acarefully prepared piece of copper is
coated with a varnish on to which the design is drawn or trans-
ferred. The drawing is. then gone over line by line with a liner
or graver which cuts furrows into the metal plate. Various shapes
and sizes of gravers are used according to. the character of the
line required, the incisions varying in depth and width according
to the nature of the drawing. The greatest care, therefore, must
be taken to preserve the surface of the plate from damage, since
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the slightest scratch will print.

Stipple Engraving.—In this method the plate is obtamed by
etching the copper or zinc sheet, which is covered with a wax acid
resist, the work being produced cn the plate by means of dots of
various sizes and forms made by needles. These remove the wax
coating and leave the metal bare. The plate is placed in a bath
of diluted nitric acid and the bare metal is etched away. The
parts which will appear as white in the print are protected by
the wax. After necessary touching up has been done the plate is
ready for printing.

Etchings.—As the term suggests, etchings are obtained from
plates on which the work has been bitten below the surface. The
method of making the plate is somewhat similar to that followed
in stipple engraving. A selected plate is coated with an acid-
resisting preparation—a composition of wax, .the design being
drawn upon this with a steel point which removes the wax and
leaves the metal bare. A mordant (Z.e., acid) is then applied and
etches away the metal where the steel point has removed the wax.
Repeated application of the acid is required, the darker tones re-
quiring more than the lighter. Aquatints. A plate for aquatint
printing is covered evenly with powdered resin or bitumen. This
is done by placing the plate in a box where resin or bitumen is
agitated. The dust falls on to the plate which is. then heated,
melting the grains of powder which run together, and leaving the
surface partially protected. This forms an acid-resisting ground.
The subject to be reproduced is either drawn or transferred to
the ground. The edges and back of the plate are stopped out
with some acid-resisting liquid and after the first etch the parts
of the picture which are to be white are stopped out, and the plate
is again placed in the acid bath. This is repeated until all the
tones are treated. The plate is then removed from the bath,
washed and dried. Aquatint is often used along with etching, the
subject being first etched, and the lines protected, before adding
the aquatint grounds and proceeding with the additional etchings.

Mezzotints.—This is probably the ideal intaglio process for
producing colour prints. It is not an etching process but one
which is entirely dependent upon the skill of the artist. A flat
and highly polished sheet. of copper is roughened all over with
what is called a rocking tool. This is from 2in. to 3in. broad and
made with varying degrees of fine teeth. The tool is rocked back-
wards and forwards in every direction over the face of the plate
until the plate is a mass of sharp teeth. An impression taken
from the plate at this stage would yield asolid black velvety print.
The subject is then drawn or traced on to the “rocked” plate.
A tool called a scraper is employed to get a surface with different
gradations of tones, from high lights to solids. This is done by
expertly scraping away the grain or tooth from the plate in a
greater or less degree, according to the strength of the tone re-
quired. When the grain is completely removed the high lights
will appear white in the print, the deepest tones being represented
by the natural grain obtained by the rocking tool.

Photogravure.—The making of a photogravure plate is some-
what similar to that adopted in aquatint, where the copper-plate
receives a ground of resin or bitumen, but, instead of drawing
the design on the ground, a:special photographic print is em-
ployed. What is known as a carbon tissue is made, z.e., a mixture
of gelatin and carbon or pigment being made and a thin film of °
this spread on a piece of paper. When this is dry it is treated
with potassium bichromate, which after drying is exposed to light
under a reversed photographic positive of the subject. Gelatin
thus treated with bichromate and dried becomes sensitive to light,
and atquires the property of becoming insoluble in hot water
wherever light has acted upon it; thus the layer of gelatin is
penetrated by the light and rendered insoluble to varying depths
according to the proportional strength of the light passing through
the positive. This printed carbon tissue is soaked in cold water
and pressed upon the prepared plate. Warm water is then applied,
and as the gelatin not affected by light remains soluble, it dis-
solves, the paper support coming away at the same time, leaving
a tone mould or relief of the subject affixed to the plate. This,
along with the resin ground, constitutes the acid resist. The plate
is then subjected to a series of etchings by a suitable mordant.
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Intaglio Plates.—The printing of intaglio plates is indeed
an art, calling for great skill, extreme patience, a high artistic
sense and much experience. The general principle in inking a
plate is to rub the colour all over it with what is called a “dabber,”
i.e., a piece of blanket made into a pad. Care must be taken to
get the ink into the deepest hollows as well as into the lightest
tones. During this work the plate is kept warm by placing it on
a stove. The surplus ink is then carefully wiped off the surface
of the plate by cloths varying in degrees of fineness. Discretion
must be used by the printer in wiping the plate, some parts re-
quiring more than others. When producing colour prints the
colours are painted on the plate by small dabbers or paper stumps,
i.e., a piece of suitable paper rolled in the shape of a pencil and
dipped into the special colour required. This is then dabbed into
the tones in the plate in accordance with the scheme of the
original picture which the printer follows. When all the colours
are filled in, the plate is wiped and polished, the finishing touch
being given by the palm of the hand. It is then ready for the im-
pression to be taken. This is done by placing the inkéd plate on
the bed of what is known as a copper-plate press. A piece of
special damped paper is placed upon the face of the plate, which
is then backed with a soft packing and the impression obtained by
running the plate and paper under a steel cylinder. Extreme care
has to be taken in removing the print from the plate. It is by
these intaglio processes that the high-priced prints sold by art

dealers are produced. Usually, about 20 colours are used in a |

colour print, and frequently it takes at least a day to obtain a
print.
Machine Photogravure~—Thanks to the progress of me-

chanical science, within recent years it has been made possible |

to apply the principles of photogravure (intaglio) to every day
use, more particularly in the production of magazines and supple-
ments to newspapers. This method of printing has made greater
advances in America and on the Continent than in Great Britain,
although excellent work is done in England where probably the
best examples of colour work are produced. This method of re-
production masquerades under many titles, z.e., gravure, machine
photogravure, rotogravure, intaglio printing and sometimes photo-
gravure. The method of preparing the printing surface is similar
to that of photogravure; a photographic print is taken on a film
of sensitized gelatin spread over a sheet of paper and mixed with
a coloured pigment. To provide the necessary reticulation, in
place of the resinous ground employed in hand photogravure, a
photographic copy of a ruled screen is incorporated on the
carbon tissue along with the design and then transferred to the
copper-plate or cylinder, the latter being generally used. The
plate is then mechanically etched and sent to the press room for
printing.

mechanically. The other variety is the rotary machine where the
paper receives its impression when- travelling between two cylin-
ders, one of which bears the work and the other provides the
_ necessary impression. This style is'in most general use. The

etched cylinder runs in a bath of volatile ink, and as it rotates |

a fine and delicately adjusted knife, called a “doctor,” scrapes the
surplus ink off the surface. This falls back into the trough, leav-
ing the cylinder clean. The paper is either fed in by hdand or sup-
plied from a reel or web, this passing between the printing and

pressure cylinders. Frequently both sides of the paper are printed .
before it is automatically cut up into sheets. Colour reproductions.
by this method require a distinct cylinder for each colour, the:
separation of colours being obtained in the same manner as that
in the making of three-colour blocks. Great difficulty, however,:
is experienced due to register troubles in obtaining results equal:
‘to those by other printing processes. Experiments are continually :
being made, and no doubt in time colour reproductions will be-
come part of the ordinary day’s work of the gravure printer, in-.

stead of being confined to one or two firms who have made colour
work a speciality.
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Planographic Printing.—This, as the term denotes, means
surface printing, such as lithography, and possibly collotype might
be included.

' Lithography.—The basic principle of this process is the antip-
athy of water to grease. A design is drawn or transferred on
to a level stone or a sheet of metal which must be free from
grease. This must also be water-absorbing. Upon a dry surface
the lithographic artist either draws or paints the design in an
ink of a greasy nature, with a pen or brush. The stone is then
prepared for printing by gumming, rolling up with printing ink,
and etching; the effect being that, when the printing surface is
damped over with water and a roller charged with printing ink
passed over the stone, the design which has rejected the water
will accept the ink from the roller, while the clean parts of the
stone which have absorbed the water repel the ink. A sheet of
paper is then brought into contact with the stone and run through
a press, thus an impression of the design is transferred to the
sheet. The first attempts at colour printing by this process were
obtained by printing flat tints. According to the number of colours
in the picture, offsets were transferred on to as many stones as
the number of colours required, and theé parts of the design
which had to be printed in a particular colour were painted in,
following the practice of the engravers who cut woodcuts for
colour printing. The next development was to print colours on

ithe top of each other. ‘This was done by stippling, and demanded

great skill and patience. When the original picture was handed
over to the lithographic artist he would first make an intricate
tracing of the original, detailing every variation in form and
colour; after drawing on the stone an elaborate key to scale, he
proceeded to paint in the parts which had to be solid, and the
graduated tints by making dots with a pen in circular formation,
varying the sizes and spaces between them according to the tones
and tints of colour he desired to reproduce. Thus, in each of
the stones which represented:a separate printing, he would in-
corporate a particular colour and its component tints. When the
drawing of the various colours was finished, which would some-
times take weeks, proofs were taken on a hand press and altera-
tions made where necessary. It was by this means that certain
colours in their various hues would be obtained;‘.e., super-imposing
blue on yellow produced a green; violet was obtained by printing
blue on the top of red; and so on. The drawing was done with a
black ink, but this did not affect the colour to be printed as it only
provided the means by which the design is absorbed by the stone,
each stone being printed separately in a different coloured ink.
The colours were registered into each other by means of marks
called “register marks.” When artists use the lithographic process
to reproduce their'own work, they sometimes draw the design by

| freehand direct on the stone. Few lithographic artists are capable

Machines.—The machines used are of two types. One is the
flat-bed machine, where the plate is flat and placed on a bed over
which a cylinder carrying a sheet of paper travels, thus obtaining .
the impression. The inking and cleaning of the plate are done

of doing this, the usual practice being to trace the original and
reduce it to the size required by scaling.. Another method is to
use grained stones on which the artist works with crayons. It is
by this means that chalk drawings are reproduced. Stippling is a
tedious and laborious operation calling for great proficiency and
many years of training. Many chromo-lithographic prints had as
mahy as 25 printings, and good lithographic prints, produced in
the early part of the 1gth century, now command high prices.
Photo-Lithography.—As the demand for' speed became
greater mechanical means were adopted, and hand work has now
largely been superseded by photographic methods, by which either
a transfer taken from a specially prepared half-tone relief block
is put on the printing surface, or what are known as photo-litho
transfers are employed. The modern practice is to make screen
colour negatives in the same way as those made for three-colour
printing. - The lithographic printing plate is coated with albumen
and ammonium bichromate, the négative being placed in contact
with it, and exposed to light. When sufficient exposure has been
givén, the plate is washed and the part of the sensitized coating
which has been acted upon by light remains on the plate, and from
this impressions are obtained. A different stone or plate is required
for each colour and the shéet of paper passes through the press
or machine for each printing.” Reproducing pictures by this process
has materially reduced the number of printings, seven or eight
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being the average number required.

Lithographic Machines.—The work is proved upon a press
carrying the stone or plate on which, when damped and inked,
a sheet of paper is placed opposite marks and backed with a few
sheets of paper or other material. A hinged frame with a sheet
of leather or metal called a tympan is then lowered on to the
stone and run through under a scraper. Small editions can be
printed on a press but when a large number of copies are re-
quired a machine, either flat-bed or rotary, is used. ,

Flat-bed.—By this method, the stone is placed on the carriage
and levelled up to a certain height so that the proper inking may
be given to the stone and the necessary pressure obtained to
transmit an impression of the design from the stone to .the
paper. This is done by passing the sheet round a cylinder which is

supported by brackets and runs in unison with the bed. At the.
crown of the cylinder there are boards to hold the paper, each’

sheet is laid into guides and by means of grippers, the sheet is car-

ried by the cylinder over the stone: Behind the cylinder an appa-

ratus is attached for automatically damping the stone as it passes
to and fro, while in front of the cylinder there is a series of inking
rollers which supply the necessary ink. The printed sheets are
either taken off by hand or mechanically by “flyers” and deposited
on to the delivery board.

Rotary.—This type of machine has a plate stretched round

one cylinder, with apparatus for automatically damping and ink- |

ing. The sheets are fed into the machine and taken round the
impression cylinder by means of grippers, and thus the im-
" pression of the design is transferred to the paper. This type of
machine allows for higher speed than the flat-bed and is mainly
used for poster printing. Both these methods are rapidly giving
way to what is called “offset.” By the offset method the sheet of
paper does not come in direct contact with the plate upon which
the design is drawn, but transfers an inked impression to a sheet
of rubber stretched round an auxiliary cylinder, when, as the
machine rotates, the paper comes into contact with the rubber
cylinder from which it receives its impression. The chief feature
of the offset principle is that paper with a rough surface, or even
fabric, can be printed, often adding additional quality to- the
print. This process has made rapid strides, and has, without
doubt, great possibilities as a colour printing process.
Collotype.—Collotype is claimed to be the ideal colour re-
productive process. Prints produced by this process: command
higher prices- than those obtained by other processes, with the
‘exception of hand intaglio methods. In this instance, no mechan-
ical reticulation such as that obtained by the use of a screen, is
required. The necessary grain is provided by the natural drying
of the gelatin and cannot be distinguished by the naked eye.
Continuous tone negatives are used, and these are retouched, to
provide the proper colour rendering, by workers with a keen
appreciation of colour and its-analysis. ‘It is then photographically
printed on a sensitized film of gelatin floated on a glass plate
about 3in. thick. It is then washed in running water, and the
parts mostly affected by the light, which has passed through
the negative, are hard and insoluble, whilst those which have
only been partially affected are more or less soluble according to

the intensity of light which has passed through the negative on

to the sensitized gelatin film.. The surface is, more or less, water-
absorbent, and consequently resists the ink in varying degrees.
There is no mechanical printing process more capable of giving
finer reproductions of coloured subjects. It reproduces the atmos-
phere of the original picture with remarkable fidelity, whilst its
capacity for giving depth of colour and quality is unsurpassed by
any other printing method. The average number of printings is
seven or eight.

Collotype Machines.—The machines used for collotype print-
ing are similar to a flat-bed lithographic machine, but no damping
is required. In fact, damp is the greatest enemy with which the
collotype printer has to contend. It is seldom possible to obtain
more than 1,000 copies from a plate. -No printer of experience
would care to prophecy by what particular method colour print-
ing would be produced in the future. Experience has proved that

each method adapts itself to its own particular field, and seldom
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does a new method entirely supplant processes which have proved
successful. Since the 1880s great strides have been made in de-
veloping colour printing processes, and, with the aid of the
engineer, machines are constantly being adapted to meet the
demands for finer and more accurate results. Many colour
prints are produced by a combination of the different methods
of reproduction. (See PRINTING; PH0TO-ENGRAVING; COLLOTYPE;
LITHOGRAPHY.)

BisriocrapaY.—]J. Schnauss, Collotype and Photo-Lithography (c.
1895) ; C. G. Zander, Photo-Trichromatic Printing in Theory and
Practice (1896, bibl.) ; Singer and Strange, Eiching, Engraving, and
other Methods of Printing Pictures (189%, bibl.) ; Cyril Davenport,
Mezzotints (1904) ; M. Hardie, English Coloured Books (1906) ; S. T.
Prideaux, Aquatint Engraving: A Chapter in the History of Book
Illustration (1909) ; R. M. Burch, Colour Printing and Colour Printers
(1910) ; C. W. Hackleman, Commercial Engraving and Printing (Indi-
anapolis 1921). See also the special “Printing” number of The Times
(1912). (J.R.R)

COLOURS, FAST. The dyestuffs producing the fastest
shades upon textile materials are the “vat” dyes of the anthra-
quinone and indigoid classes, more especially the former. (See
DvES, SYNTHETIC.)

COLOURS, MILITARY. The term “colours” is a collo-
quial expression embracing the standards and guidons carried by
cavalry regiments and the colours proper carried by infantry regi-
ments and certain other arms. Like all national and tribal flags,

.colours are symbols embodying the. spirit of the people who fight

under them. The origin of these symbols can be traced to the dim
beginnings of history, a fact which is confirmed by recent excava-
tions in India bringing to light evidence that there was a “cult of
the standard” over 5,000 years ago. These primitive symbols
were made of metal or wood. They are frequently mentioned in
the Bible: “The children of Israel shall pitch every man by his own
standard, with the ensigns of their fathers’ house” (Num. ii., 2).
It is not until just prior to the Christian era that we find standards
made of cloth, silk or damask. The standards of Julius Caesar’s
army were made of metal, usually surmounfed by an eagle, a
practice copied later by the French.

Twofold Purpose of Colours.—These military flags have
always had a twofold purpose: (¢) to serve as visible rallying
points on the field of battle; and (&) as distinguishing marks of
persons of superior social status. Before the introduction of long-
range weapons it was impossible to locate one’s leader in the con-
fusion and dust of battle unless his distinctive insignia was held
aloft. Sometimes the insignia or ensign could not be seen, so the
bugles, trumpets, drums, fifes, and, later, bands, usually played
some music round the standard to assure the fighting men, through
the sense of hearing, that the standard was still flying. This em-
ployment of flags and music is aptly stated in the Chinese Book
of War, written 500 B.c—“The drum and bell are used because
the voice does not carry; the flag is used to assist the sight.” Te

| lose the standard, therefore, often meant that one’s leader was

lost, or at least there was no assurance that he was still leading,
which caused the troops to become dispirited. The importance of
“keeping the flag flying” was very great, but the conspicuity at-
tendant upon the carrying of it increased the mortality of colour-
or standard-bearers as long-range weapons became more efficient.
The mortality of colour-bearers in the Crimean War was tre-
mendous -and this was the last European war in which British
colours were carried. They were, however, carried in the Zulu
War of 1877-79, when Lieuts. Melvill and Coghill of the 1st bat-
talion, 24th Regiment (now the South Wales Borderers) endeav-
oured to save the Queen’s colour at the notorious Isandlwana
disaster on Jan. 22, 1879. *Colours were last carried at the
Battle of Laing’s Nek on January 28, 1881, in the first Boer
War. During the Russo-Japanese War, 1904-5, both sides car-
ried colours. During the World War colours were not taken into
action but identification was obtained by means of small flags
during the day and by coloured flares at night. As regards the
second purpose, that of being employed as distinguishing marks,
early evidence of this may be seen in the sculptures unearthed at
Nineveh which show two designs of standards attached to the
yoke of the chariot of Darius. The continuity of this idea finds



70
expression in all ages in the personal standard of royal personages
and the nobility, and, in a lesser degree, in the flags used to denote
the headquarters of higher commanders of the fighting services
at the present time. Early military flags were of two main types:
(a) the “personal,” borne in feudal armies where service was ren-
dered to the immediate overlord, and () the “national” or “stand-
ardized” as borne by national or standing armies. In the British
service the transition period lasted from 1661, when Charles IL.
created the standing army, until 1743 when a clothing warrant
stated “No Colonel to put his arms, crest, device, or livery, in any
part of the appointments of his regiment.” This abolished the
“personal” aspect of the colour. The same warrant directed the
“number of the rank of the regiment” to be painted in the centre
of the regimental or second colour, thereby inaugurating the
“regimental” aspect.

Modern Colours.—Present-day colours are the direct descend-
ants of the mediaeval baron’s banner. The baron’s regiment con-
sisted of companies under knights. Later the baron’s flag be-
came the “colonel’s colour” and the knights’ banners the “company
colours.” The baron’s banner was usually square and bore his
coat-of-arms. The banner of a person under the rank of knight-
banneret was swallow-tailed like a guidon; this also bore the
knight’s coat-of-arms. Variety was the predominant note at this
period and “standardized” colours were not introduced until about
1620 when Gustavus Adolphus regularized his cavalry, and ordered
that each regiment should have eight troops, with a standard to
each troop, each regiment having all its standards of one pattern
and bearing similar devices. During the Commonwealth both
Parliamentarian and Royalist forces adopted the standardized
pattern of colours. In 1661, Charles II. issued a warrant to pro-
vide “twelve colours or ensigns for our Regiment of Foot Guards.”
In the same year he issued a further warrant for another regi-
ment of Foot Guards then at Dunkirk, for “twelve colours of the
same sort as those of Colonel Russell’s Regiment,” thereby pur-
suing the policy of standardization by ordering the same number
of the “same sort” for both regiments. These warrants are also
important from the fact that they authorized for these two regi-
ments—which were amalgamated in 1665 to form the Grenadier
Guards—the royal badges which they carry, in rotation, on their
regimental colours at the present day. During the early part of
William IIL’s reign a reorganization of infantry took place by
which they fought in three divisions, pikemen in the centre and
musketeers on the flanks. The colours were therefore reduced to
three per regiment and the cavalry standards were also reduced to
the same number. In 1707 the pikemen were abolished as a tacti-
cal division and this caused the colours to be reduced again to two
per regiment. Many regiments appear to have kept up their three
colours until 1743 when George II. issued a warrant in drastic
terms. This warrant was not very clear on many points and it was
followed by another in 1751, under which each regiment was to
have only two colours, viz., the first, or king’s colour, to be the
Great Union (except for Foot Guards), and the second, or regi-
mental colour, to be of the colour of the facing of the regiment,
with the Union in the upper canton, except those regiments faced
with red or white, whose second colour was to be the red cross of
St. George, in a white field and a union in the upper canton. In
the case of the Foot Guards, the king’s standard (crimson) is the
first colour, and the second is the Great Union. Several line regi-
ments were also authorized to bear “royal devices and ancient
badges” on their colours. This warrant, the first of its kind, was
revolutionary, and made a definite break with the past. It became
the foundation of all subsequent warrants and, in fact, with slight
modifications, is in force to-day. Although it permitted only two
colours to be borne a few regiments acquired a third, particularly
those which served in India between 1780 and 1806. These third
colours were, however, definitely abolished in 1835. (T.J. E.)

British Colours in 1940.—Modern mechanization of the cav-
alry has necessitated a reduction in the number of regiments of
that arm, some of the older regiments being -combined in pairs.
Where that occurred the combined unit bears the flags of both the
old regiments. The Household Cavalry and the Dragoon Guards
carry standards, the Dragoons have guidons. All are of crimson
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silk damask and are emblazoned with various badges. Royal arms
and badges are borne on the standards of the Household Cavalry,
regimental badges are placed on the standards and guidons of the -
other regiments. Lancer and hussar regiments have no standards.
Each infantry regiment, with the exception of the rifle regiments,
carries two colours; the first, or king’s colour, and the second, or
regimental colour. In the regiments of Foot Guards the king’s
colouris of crimson silk damask and bears some royal device which
has been assigned to the regiment as a badge. The regimental
colour is the national Union flag, with a regimental badge on the
centre. The first colour of the other infantry regiments is the
Union flag, with the title of the regiment on the centre. The
second colour carries the regimental badges on a background of
the colour of the facings of the uniform, except that when the
facings are scarlet or white, the colour has the red cross of St.
George on a white field. It should be noted that all regiments
having the word “Royal” in the title have blue facings. The rifle
regiments carry no colours. The royal crest, a crowned standing
lion, forms the finial of the staff of all colours and standards.
Colours of units of the Indian army and of Dominion troops fol-
low the general rules for British regiments. v

Battle Honours.—In addition to the distinctive badges pertain-
ing to the different regiments, colours and standards in the Bri-
tish army bear the battle honours which have been earned. These
honours are of two kinds, (1) a symbol or badge, (2) the name of
a battle or campaign in which the regiment participated. The
first battle honour granted was “Emsdorff,” authorized in 1768
for the 15th Hussars for its distinguished services at that battle
in 1760, where it defeated and captured five battalions of French
infantry with their colours. In 1784 the word “Gibraltar” was
authorized to be borne on the regimental colour of each regiment
that had taken part in the defence of Gibraltar under Sir George
Elliot (1779-83). In addition to the word “Gibraltar,” a castle
and key to symbolize that famous fortress is now embroidered on
the colours. “Minden” was authorized in 1801. In 1802 the
Sphinx, as a badge, was granted to the regiments which had taken
part in the Egyptian campaign of the preceding year. In 1811 an
order recognized and regulated the custom which had gradually
come into being and in due course authorization was given for
campaigns prior to Emsdorff, the earliest so recognized being “Tan-
gier, 1662—-80,” borne on the colours of the Queen’s Royal West Sur-
rey regiment and the 1st Royal Dragoons. In addition to the cas-
tle and key for Gibraltar and the sphinx for Egypt a mural crown
is used when the defence of a city is commemorated, a dragon for
the campaign in China and either a tiger or an elephant for service
in Indian wars. A rare badge is the naval crown granted for serv-
ices afloat. One example is the Welch Regiment, which served as
marines under Admiral Rodney in the West Indies in 1782. An-
other is the Queen’s Royal West Surrey which served aboard the
fleet under Admiral Howe in the victory of the “Glorious First of
June,” 1794. At first these battle honours were placed on both the
king’s and the regimental colours, but since 1844 they are on the
second -colour only with these exceptions; (a) the Foot Guards,
who place their honours on both colours; (b) the Honourable
Artillery Company, whose honours are on the king’s colour only;
and (c) the ten selected honours of the World War, which are
placed on the king’s colour in accordance with an order of 1922.
Lancers and hussars, having no colours or standards, place their
battle honours on the drum covers; rifle regiments paint them on
their drums and place them on their cap badges.

COLOURS IN OTHER ARMIES -

United States of America.—In March of 1779 the army regu-
lations called for two colours for each regiment, one to be “the
standard of the United States,” the same throughout the army;
the other a regimental colour varying according to the facings of
the uniform. In other words the British system was adopted on
paper, but it was not carried into effect. The Revolutionary War
ended before any of these flags were issued. The colours actually
carried were a heterogeneous collection issued by the different
States or donated by individuals. It is doubtful whether the na-
tional flag, the Stars and Stripes, was carried by troops in that
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war, certainly not with any official authorization. In 1787 the one
regiment then in existence was furnished one colour, showing the
coat-of-arms of the United States and that plan was followed for
subsequent regiments until 1834 when the artillery was furnished
with two colours, one, the regimental, having a red background,
“the other, the national flag. In 1841 the same system was ex-
tended to the infantry, but it was not until 1895 that the cavalry
was given a standard of the Stars and Stripes. The regimental
colour in those days had the arms of the United States. After the
World War (1914-18) the regimental colour was changed by re-
placing the shield, crest and motto of the United States by the
regimental devices on a background in the colour of the facings,
red for artillery and engineers, yellow for cavalry, blue for infan-
try, etc. The battle honours are carried on silk streamers made in
the same colours as the ribbons of the different campaign medals,
each streamer being inscribed with the principal battles of that
war in which the regiment participated. The streamer is attached
to the staff of the regimental colour only, just below the spear-
head finial. The regiments which were decorated with the four-
ragére by the French for particularly brilliant services in the
World War, attach a fourragére to the staff. Each company has a
guidon inscribed with the company letter and regimental number.
The background is in the colour of the facings, except cavalry
guidons, which are red and white in two horizontal stripes.

France.—The military colours of France had their origin in the
15th century, when Charles VII and Louis XTI organized royal foot
troops among the burghers of cities in their effort to curb the
power of the nobles, and unify the country. These troops usually
carried banners bearing the arms or device of the parish, sur-
mounted by a white cross. From that time until the Revolution
the colours of the infantry in the French army bore a white cross.
In 1791 the Assembly prescribed that the “first flag of each regi-
ment will hereafter carry the three national colours,” blue, white
and red, charged with the number of the regiment and the motto
“Discipline et Obéissance & la loi.” It was not until 1803, how-
ever, that the colours were arranged in the familiar three vertical
stripes, there was no systematic arrangement before that year.
Prior to the Revolution the staff of each colour was surmounted
by a fleur-de-lis. Under the First Republic a spearhead was used.
When Napoleon became Emperor he used the'Roman eagle stand-
ing on a thunderbolt, and that became the most important part of
the standard, so that the entire device, eagle and flag, was known
as an “Eagle.” Under Louis Philippe the Gallic cock was used as
a finial. Napoleon III returned to the eagle of his uncle, while the
Third Republic uses a spearhead, bearing the monogram “RF.”
There is but one colour for each regiment, the tricoloured flag
of France, bearing the number of the regiment within laurel
wreaths and the inscription “La République Francaise” on one
side. On the other side is “Honneur Patrie” and the names of the
most important battles in which the regiment has participated.
Prior to the World War only four such names were permitted, now
the number has been doubled. Attached to the staff, just below
the spearhead, is a “cravate,” on which are placed the decorations
which the regiment has earned for specially meritorious services
in action, the Legion d’Honneur, Medaille Militaire, Croix de
Guerre, or perhaps a fourragére. The fourragére is a cord, simi-
lar to an aiguillette, in the colours of the ribbon of one of the
above mentioned decorations.

Germany.—German troops do not carry the national flag. In
the days of Frederick the Great, Prussian regiments bore a white
flag on which was a black eagle from the coat-of-arms of Prussia.
That was typical of all German troops, as each principality and
kingdom used the local' coat-of-arms on the colours of their own
regiments. This practice lasted until the National Socialist gov-
ernment abolished all territorial subdivisions. Now the regimental
‘flag shows an iron cross with a swastika in each corner of the flag.
On the centre of the cross is the badge of Nazi Germany, a black
eagle standing on a swastika, within a wreath of oak leaves. The
field of the flag varies according to the arm of service, white for
infantry, yellow for cavalry, red for artillery, pink for mechanized
infantry, etc. The eagle on a swastika forms the finial of the staff.
Colours of foot troops are square, motorized and mounted regi-

71

ments carry guidons.

Spain.—FEach regiment in the Spanish army carries one colour,
the national flag having the coat-of-arms on the centre. Since
the victory of the Nacionalistas in the Civil War, the old flag of
the monarchy has been restored, with the coat-of-arms of Ferdi-
nand and Isabella, in a revised form to show all five of the ancient
kingdoms comprising modern Spain. There are, however, many
exceptions to this rule, as all older regiments are authorized to
carry the colours they formerly bore, in some cases as far back
as the 17th century. These ancient colours are of two kinds,
(1) the red raguled saltire cross of Burgundy, the flag used by
the armies of the Emperor Charles V in the 16th century, and
(2) a purple flag, the most notable of which is the colour of the
regiment Inmemorial del Rey, which dates back historically to
1634, and by tradition much earlier. The regiments thus hon-
oured comprise most of the artillery and engineers and the First
Royal Infantry regiment. The Fifth Engineers of Valencia and
the air service bear the red cross of Burgundy superimposed on
the national flag. The staff is always topped by a spearhead, more
or less decorated.

Belgium, Portugal, Italy, Japan.—Other nations follow the
French and. Spanish custom by using the national flag for the
only colour carried by a regiment. The Belgians embroider in gold

| the battles for which the regiment was decorated for distinguished

services, and place the decoration itself on the cravate. The
Portuguese use a knot of silk ribbon in the colours of the decora-
tion which has been awarded. This is attached to the staff above
the flag. Ttalian colours also have a cravate, called “nastro” in
Ttalian. The colour carried by the Japanese is the rising sun with
16 rays.

Nothing is placed on it except the regimental title. ,

BisL1oGRAPHY.—A. Ross, Old Scottish Regimental Colours (1883);
S. M. Milne, The Standards and Colours of the Army from 1661 to
1881 (1893); Stanley C. Johnson, The Flags of our Fighting Army
(1919); V. Wheeler-Holohan, 4 Manual of Flags (1933) ; Gherardi
Davis, Regimental Colours in the War of the Revolution (1907, for
old US.A. colours); Gilbert Grosvenor and William J. Showalter,
“Flags of the World,” in National Geographic Magazine (1934); A.
Maury, Emblémes et Drapeaux de la France (1904). (R.E. Wv.)

COLOUR-SERGEANT, a rank peculiar to the British army,
created in 1813 at Wellington’s request, and till 1915 the senior
N.C.0. of a company. One particular duty of the colour-sergeant
is that of “Attending the Colours.” The original distinctive badge
was a “Colour supported by two cross swords and ensigned with a
Crown” worn above the chevrons on the tunic. In 1915 a new
rank, that of warrant officer class 2, was created and generally the
senior of the colour-sergeants of a double company was promoted
thereto. ’

COLOURS OF ANIMALS. This is a subject at once of
considerable aesthetic appeal and of high scientific interest. Many
of the most beautifully coloured objects in nature are animals or
are derived from animals. On the scientific side, there are ques-
tions of the physical and chemical basis of animal coloration, and
of its value,if any, in the economy of:the organism. Colour, in-
deed, has figured importantly in nearly every branch of biology:
in biochemistry, physiology, pathology, histology, taxonomy and
genetics, both of animals and plants; as well as in psychology,
both human and compardtive. In general, the colours of animals
are the result of two chief causes: (a) the minute structure of
materials,-chiefly ones on the body surface (the so-called physical
or structural colours); (b) the presence of substances which
possess colour independently of the arrangement of their particles
(chemical or pigmental colours).

STRUCTURAL COLOURS

The physical principles of total reflection, interference, scatter- -
ing and to some extent, diffraction, all familiar in the inanimate
world, are encountered also among tissues and tissue products of
animals.

Total reflection of light, imparting whiteness to animal struc-
tures, often arises from the separation of finely divided structural
materials. by air spaces in the way that whiteness is conferred
upon snow. Examples of this are seen in the whiteness of feathers,
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fur and hair, and in the wings of certain butterflies. - Secretions
or deposits in animal. tissues may also contribute to the white-
ness of total scattered reflection, examples being collmdally dis-
persed fatty or lipoid materials, calcium carbonate in the skele-
tons of numerous molluscs, crustaceans, corals, echinoderms and
protozoans, silica in' sponges, proteinaceous materials in various
serous membranes, deposits of white pterins in the wings of p1er1d
and other butterflies and silvery aggregates of crystalline guanine
or other purine materials (g.v. infra) in numerous invertebrates
and in fishes’ scales.

Disintegration of white light into its spectral components oc-
curs in animal structures chiefly through interference, wherein the
incident light penetrates and is reflected back through successive
thin-layered films or laminae to give striking iridescence, even in
diffuse light. Iridescent interference colours are very common in
certain animal structures, including the wing scales of Morpho
and other butterflies, the brilliant rainbow hues observed in the
feathers of humming-birds, peacocks, pheasants, etc., in the wing
covers of many beetles, the outer skin of reptiles, nacreous sur-
faces of Pearls and in molluscan shells and the setae or bristles
of numerous marine worms (e.g., Aphrodite). The brilliant lustre
of human or other mammalian hair and its iridescent appearance
in direct sunlight is due to the same phenomenon, the light being
reflected in its disintegrated components by minute transparent
scales which surround each individual hair. Pure prismatic refrac-

tion of light in animals is probably very rare, and limited to cases -

wherein direct beams of light encounter certain microcrystalline
deposits. Diffraction by natural gratings or regular fine parallel
striations is not uncommon among certain insects, but is percep-
tible only when a direct beam of light strikes such structures.at
an angle. Studies with the electron microscope have confirmed
the presence of such natural diffraction gratings in some insects,
notably the elytra or wing coverings of certain iridescent beetles.

Very common in animals is the display of blue colours, arising
not from blue pigments but from scattering of reflected light by
finely dispersed colloidal systems, lying over layers of dark me-
lanin deposits. Examples of these structural blues are numerous.
Blue eyes, wherein the turbid stroma of the iris overlies the dark
membrane or uvea, may be simulated by placing disks of agar
gel or dried collodion film upon a black surface. The blue skin
about the head and neck of the cassowary or on the face and but-
tocks of certain primates results from the scattering of light by
colloidally dispersed materials in the skin, overlying an absorbing
layer of melanin pigment beneath. The gorgeous blues of the
integument of various reptiles and fishes could be added to ‘the
many other examples of structural blue.

Two types of structural coloration may be combined, e.g., diffrac-
tion and interference. In many other cases, the two underlying
causes, structural and pigmental, are superimposed. Most of the
greens found in fishes, amphibia and reptiles do not really depend
upon the presence of a green pigment, but result from the asso-
ciation, within the tissues, of black and yellow. The otherwise
sombre colours of black or brown pigment, when suitably rein-
forced structurally, may give rise to a resplendent glitter,

THE CHEMISTRY AND PHYSIOLOGY OF ANIMAL
PIGMENTS

The visible range of light is selectively affected by reflection
from or transmission through materials, only if the latter contain
structural units whose size or vibrational frequencies lie between
3000A and 7000A. Those physical structures in the biological
world which may disintegrate white light into spectra have al-
ready been considered; namely, very thin, finely spaced lamina-
tions, or closely placed ridges or striations, or very fine, colloidally
dispersed micelles which scatter incident light, reflecting only the
blue rays, these being the most refrangible.

This brings the discussion to a consideration of the chemical
pigmentary compounds which, irrespective of physical orientation,
selectively absorb a part of the light and reflect or transmit the
unaffected fraction. Since the word pigment is based upon a
Latin verb meaning “to paint,” its original significance obviously
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had to do with the use of colouring matters for human ends.
Those coloured substances were called pigments which were used
as such. In transferring the term to the living world, this func-
tional connotation has for some reason been abandoned. Any
coloured substance which can be extracted from an animal or
plant, regardless of its function, forthwith becomes a pigment.
Owing to long-established precedent, this somewhat illogical use
of the term will be employed in the present article, though a more
recent word, biochrome, will be used as an alternatlve

The colour of a compound depends upon the selective absorp-
tion of incident light within definite wave lengths, the unabsorbed
residue being reflected or transmitted to the eye. This capacity
to-absorb visible light is due, in turn, to varying kinds and de-
grees of chemical unsaturation, or unfulfilled valencies, located
in so-called chromophores (colour-carrying groups) within the
molecule (see Dyes). These areas of special molecular activity
arise from reduction in the relative speed or frequency of motion
on the part of one or more pairs of the compound’s many rapidly
vibrating electrons. Indeed, sufficient modification in the speed
of electronic vibration imparts to the entire molecule a degree of
special vibratory motion or chemical resonance. And this phe-
nomenon, in the modern view, is the basis of colour manifesta-
tion. .

Consider, as a crude analogy, a long horizontal cord or chain
(representing a chemical compound), suspended just above or be-
low the view of an observer looking through a long, narrow slit
placed parallel to it (representing the visible spectrum of light).
If, at certain points or links of the chain, threads be attached,
and if these threads be given rhythmic jerks by an operator, the
whole length of the chain will be thrown into a series of waves.
As a result, portions of the chain will come into view through the
slit, at heights and intervals depending upon the intensity and
frequency of the pulses imparted to the chain at the various
points of focus. Obviously, rapid; gentle pulls at a number of
points of the chain would give the observer a resonance pattern
of many rapid undulations of minor calibre, while more vigorous
jerks at one or two points would reveal through the slit slower,
higher wave pulses, and so on.

A molecular chainlike compound in a resonatlng condition ab-
sorbs, by internal interference or frictional forces, that critical
fraction of incident light whose wave length corresponds with the
resonance-frequency peculiar to the compound. The absorbed
light is converted into heat, and the residual portion which
emerges is of a complementary colour. Thus, if the resonance
involves short, rapid waves (corresponding with rapid undulations
in the analogous chain seen through a slit) the shortest visible
light waves will be absorbed, z.e., those of the violet and blue
spectral region, and the compound will appear yellow. Red sub-
stances, having slightly longer resonance values, similarly extin-
guish light in the blue and green, while blue or green compounds
result from cancellation of light in the red or orange realm. Black
substances absorb all light equally and completely.

The colours of most chemical compounds are not of spectral
purity, but include all of the visible light excepting the absorbed
fraction; the colour of a molecule depends upon the dominant
wave length, or that of maximum transmission.

There is good ground for the view that colour and chemical
reactivity, and hence the potential metabolic value of a pigment
to an organism, are parallel expressions of the same underlying
molecular property of unsaturation. This is a reason for the
careful consideration of the physicochemical attributes of bio-
chromes and for continued researches regarding their metabolic
position in the animal organism.

The more important biochromes of animals may be grouped
into classes whose molecules are without combined nitrogen and
others which contain this element.

Of the non-nitrogenous pigments, by far the most important, the
most conspicuous and the most widely distributed are the caro-
tenoids or polyenes. Indeed these are among the most widely dis-
tributed of all biochromes. Chromolipoids, naphthoquinones,
anthraquinones and flavones represent other nitrogen-free pig-
ments which occur 'in animals, but these are limited in distribu-
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tion, and but little is known of their physiological attributes.

In the nitrogenous group are several pigments of very diverse
chemical nature and metabolic position. The: tetrapyrrolic pig-
ments include both the porphyrin class, present in the blood of
many animals, and the bile pigments, occurring in many secretions
and excretory products; the dark melanins occur in skin, hair and
other parts, and represent metabolic end-products. Several pu-
rines, while usually white or silvery in appearance, are included
as biochromes or pigments because they contribute to the total
colour of numerous lower animals; similarly the pterins, which
are derivatives of pyrimidine, are frequently white, but may often
be yellow in colour; the lyochromes or flavines, detectable in the
tissues of all or nearly all living organisms, are identified with
certain important biocatalysts; finally' the indole derivatives,

~ which are somewhat limited in any conspicuous manifestation are,
like the melanins, purines and pterins, end-products of metab-
olism.

In the following treatment are outlined the chemlcal con-

figuration, colour, source and metabolic features, insofar as the
latter are known, of some representative animal biochromes
comprised in these groups. Lastly, a few of many miscellaneous
coloured compounds will be considered, whose chemical structure
is yet imperfectly known. ‘

Carotenoids (Fig. 1) —These red, orange, or yellow pigments,
whose numbers of known compounds is constantly increasing, are
of such wide distribution throughout the living world as to be
nearly universal. The carotenoids are insoluble in water, but may
be readily dissolved in alcohol, ether, chloroform and the various
other organic fat-solvents.- They show pronounced and consistent
crystalline habits, and in solution, .exhibit usually two, often
three, but in' some cases only a single absorption band, charac-
teristically in the violet to blue, sometimes extending into the
green region of the visible spectrum. They are readily bleached
by light and by exposure to atmospheric oxygen, are unstable also
in the presence of mineral acids, their chloroform solutions giv-
ing dark blue coloration upon treatment with concentrated sul-
phuric acid.

The chromophore grouping, or chemlcal configuration responsi-
ble for the colour, is the long chain of alternating points of un-
saturation, or so-called conjugated double-bond structure, repre-
sented in the formula given for B-carotene. A number of caro-
tenoid hydrocarbons share this constitutional formula CyHse.
Carotenes and xanthophylls (CyHsO....) occur together in
many organisms, and may be separated on the basis of their pref-
erential solubilities in certain solvents, and by differential adsorp-
tion from solution upon packed columns of relatively inert pow-
ders, such as chalk, sugar, alumina, magnesium oxide, etc., wherein
the pigments appear as distinct coloured bands or zones. They
may then be resolved into individual components by chemical ex-
traction of each mechamcally isolated zone.

These plgments occur in plant organisms rangmg from the

simplest types, i.e., bacteria, fungi and algae, to the most highly |

evolved flowering plants, Animals from simple Protozoa to the
highest mammals, including man, contain carotenoids, although
the tissues, and notably the blood sera of a number of mammals,
are almost or entirely devoid of these pigments. The livers of
some of such species often yield carotenoids, and it is known that
the lives of these animals depend upon a supply of carotene or

its metabolic derivative, vitamin A. Carotenoids are relatively |

more concentrated in ovaries or eggs, some testes, liver (or liver-
like analogue. in invertebrates), skin, eyes and mllk Outstandmg
common examples of visible carotenoid pigmentation are in the
legs, body-fat and eggs of domestic poultry, the bright red, orange
and yellow feathers of many birds, similarly coloured wing covers
of numerous insects, and the milk-fat of cattle. In some animals,

a high degree of specificity exists for the absorption of either the |
hydrocarbon (carotene) class or the oxygenated (alcoholic or

xanthophyllic) type of carotenoid. The horse, for example, ab-
sorbs through the intestine only carotenes, from green food con-
taining an ample supply of both kinds of carotenoid. ‘The hen, on
the other hand, stores only members of the xanthophyll class;
many fishes and marine invertebrates likewise store only xantho-
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phyllic carotenoids, rejecting in the faeces or otherwise totally
disposing of the carotenes. Other animals, including the frog and
man, assimilate and store both classes in depot-fat.

CH,
CH;3 c

CHj, CHy

CHs
\C CH3

CH, CH,

b " /
.}}CH=CH-C=CH-CH=CH-C=CH-CH*CH—CH=C-CH‘CH-CH=C-CH=CH—C

H,C CH,
H,C /(:—-CH3 H,C— CH,
CH, CH>

FIG. 1.—@3-CAROTENE

Strikingly beautiful displays of carotenoids are encountered in
the skins of numerous amphibians, notably among salamanders,
many species of fish, and countless marine invertebrates, espe-
cially among the echmoderms (sea stars and brittle stars) mol-
luscs, ascidians (sea squirts), crustaceans, the tissues of coelen-
terates including many anemones and corals and many species of
marine worms. The gorgeous blue and green, some gray or choco-
late tones, violet and near-black pigments of certain crustaceans,

| naked molluscs and sea stars are in many instances due to caro-,

tenoids in chemical conjugation with protein. Denaturation of the
protein by immersion of the specimen in boiling water or in alco-
hol unmasks the bright red colour of the carotenoid involved.
Hence the familiar red colour of boiled lobsters. Marine animals
commonly derive their rich supplies of carotenoids directly or in-
directly from the countless microscopic plants. Even carnivorous
fishes and flesh- or mud-eating invertebrates from the great un-
lighted depths frequently exhibit rich pigmentation, derived ulti-
mately from supphes of carotenoids long since generated in lighted
waters and buried in the ocean floor.

A yellow condition of the skin, known as xanthosis, carotenae-
mia or artificial jaundice may follow excessive eating of caro-
tenoid-rich foods such as carrots or oranges; the condition, less
common in adults than in children, is unaccompanied by patho-
logical symptoms and disappears when excessive supplies of
carotenoids are withheld from the diet. )

Hens and fish mobilize body carotenoids in their eggs during
laying (or spawning) season, with an obvious diminution of the
yellow biochrome from its former conspicuous position in the
skin. Males ‘of these species may continue to exhibit the pigmen-
tation, however, those of many species showing an actual enrich-
ment of the colour during the reproductive period.

Naphthoquinones (Fig. 2) .—These compounds, occurring in
many plants, are yellow, orange, red or purple in colour, soluble
*in various organic solvents, and have found considerable use as
dyes for fabrics. Their occurrence in any conspicuous degree
‘among animals seems to be limited to the echinoids (sea urchins
and sand dollars) whose spines, shell and thin skin are conse-
quently rendered distinctly red, purple and
in some instances green by echinochromes.
Red aggregates of this class of biochrome
are found in the body fluid, inner lining
of the shell, and in the lining of the ali- °
mentary tract of numerous species of
echinoid, and some members bear the dye
also in distinct masses within the jelly

O OH

FIG. 2.—ECHINOCHROME surrounding the eggs.
Like other quinones, echinochromes are
mildly oxidizing, and lose their colour when treated with chem-

ical reducing agents.  They assume different colours also ac-
cording to the acidity or alkalinity of their surroundings. The
purple orred colour of sea urchins is consistent with the faint- '
ly alkaline condition of the tissues and calcareous shell. The
antihaemorrhagic factor, vitamin K, is a naphthoquinone of
yellow colour. Other naphthoquinones are reported to possess
vitamin K potency as well. Echinochrome has been assigned a
role as respiratory stimulant for sea urchin eggs. It is believed
by some investigators to cause stimulation of the spermatozoa
of certain species of sea urchins and to attract the latter to the
eges.

The diverse coloration of spmes tests and other structures of
certain species of sea urchin are attributable to the presence of
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mixtures of echinochrome and a chemical homologue, spino-
chrome, in various proportions. Studies of crystalline melting
point, absorption spectrum and other properties indicate that a
number of different echinochromes exist.

Anthraquinones (Fig. 3).—A large number of brilliantly
coloured compounds which have found
wide application as dyes and chemical in-
dicators of acidity or alkalinity are in-
cluded in this group. Like the naphtho- OOO
quindnes, with which they share a common
chromophoric structure, they may be #ooc © oOH
chemically reduced by certain reagents. Fic. 3.—CARMINIC ACID
Carminic acid is the red biochrome consti-
tuting about 109 of the product cochineal, obtained from the
female scale insect Coccus cacti, foundin Mexico and Central Amer-
ica. The pigment imparts permanent red colours to mordanted wool
and silk. Kermesic acid from another scale insect, Coccus ilicis,
is yellow-red in water, and violet-red in acid solutions; it is em-
ployed as a dye as is carminic acid, from which its chemical struc-
ture differs in only a minor way. Laccaic acid is isolated from
lac dye or lac-lac, the solid exudation of East Indian lac insects,
Coccus laccae. This scarlet or carmine-red dye possesses a con-
stitution similar to that of the above-named compounds. While
these conspicuous anthraquinones are beyond doubt derived by
scale insects from the plants upon which they feed, no informa-
tion is yet available relative to their metabolic path or possible
physiological role.

Flavones (Fig. 4).—Considerable chemical study has been de-
voted to this large group of coloured com-
pounds which occur in a wide variety of
plants and in a few insects which feed “o
upon such plants and assimilate some of | |
the pigment. These compounds impart c
. yellow colours to flowers and other plant o g.
parts. The chemical properties of a yellow  Fic. 4.—QUERCITIN
biochrome isolated from the wings of a
butterfly, Melangaria galatea, correspond closely with those of
the plant pigment quercitin. The chemically related anthocyanins,
which are the red, violet and blue compounds often seen in blos-
soms, fruit and leaves of plants, are occasionally encountered in
certain dipterous and hemipterous insects and their larvae, com-
monly in the albuminoid inclusions of fat cells. None of these
classes of biochromes has been shown to fulfill particular physio-
logical functions in animals, although they are believed to be
involved in certain biochemical oxidations in the plants whiche
synthesize them.

Tetrapyrroles.—A. Porphyrin Compounds (Fig. 5) —Porphin
is the parent compound of the whole class
of nitrogenous water-soluble biochromes
under discussion in this subsection. Bear- \\=CH
ing side chains of various lengths com-
posed of carbon, hydrogen, and frequently
oxygen, linked to different carbon atoms
of the four pyrrole nuclei, porphyrins are
represented in the green photosynthetic
chlorophylls of plants and in animal haem- _
oglobins. Haemoglobins are conjugation products between a pro-
tein body, globin, whose composition varies with the species, and
a porphyrin, haem, CsH;,04N,Fe, whose pyrrolic nitrogen atoms
are attached to an atom of iron. Haemoglobins are present in the
red blood cells of mammals, birds, reptiles, amphibians and fishes,
and in the circulatory fluids of numerous invertebrates, notably
among the worms, and in scattered members of the arthropod,
echinoderm and molluscan phyla. Having the unique capacity to
combine with atmospheric oxygen in lungs, gills or other respira-
tory surfaces of the body, and to again release it among tissues of
lower oxygen content, haemoglobins thus serve as respiratory
catalysts. These compounds are responsible for the pink to red
colours observed in combs and wattles of birds and the skin of
man and other primates, notably that covering portions of the
face, buttocks and genital regions of baboons.

Other biochromes chemically allied to the haem compounds are
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cytochrome, the red oxidation enzyme which occurs in minute
concentrations in nearly all cells; catalase, an enzyme of similar
distribution which accelerates the breakdown of hydrogen perox-
ide; pinnaglobin, a brown compound which serves as a respiratory
aid in the mollusc Pinna squamosa; chlorocruorin is a green pig-
ment which plays a similar role in the blood of tube-building
annelid worms; a red compound, helicorubin, is encountered in
the liver and gut of some snails, and actineohaematin is responsi-
ble for some of the beautiful red colours of sea anemones. The
physiological functions, if any, of the latter two pigments have
not been clarified.

Numerous porphyrins are present in secretory and excretory
products of animals, and others may be extracted from ancient
deposits such as coal, petroleum and mud from long-buried strata
of the ocean floor. Many porphyrins are readily isolated, crystal-
lized and identifiable by their manifestation of spectral absorption
bands at given positions in the visible spectrum.

O6porphyrin is responsible for the red flecks upon the egg-
shells of the plover. The shell of the emu egg is coloured by a
biliverdin, found also in the skeleton of the blue coral Heliopora
caerulea. The remarkable turaco bird excretes a copper salt of
uroporphyrin in its quill-feathers. This red pigment, known as
turacin, is readily leached out of the feathers by water contain-
ing traces of alkali. A similarly occurring green porphyrin
in feathers of the turaco is turacoverdin. Certain molluscs ex-
crete coloured porphyrins. in the material of their shells. Bonel-
line, obtained from alcoholic extracts of the worm Bonellia viri-
dis, is an alkaline biochrome giving blue solutions in acids; its
properties have led to its inclusion among the pyrrole pig-
ments. The chemical structure of so-called enterochlorophyll
found in the liver of numerous molluscs, crustaceans and even
in the digestive gland of carnivorous sea stars, has not been de-
termined.

B. Bile Pigments (Fig. 6)—Among the metabolic breakdown
products of haem or allied biochromes is a series of yellow, green,
red or brown nonmetallic tetrapyrroles arranged in open-chained
molecules typified by the simplest synthetic member bilane. Small
quantities of the red compound, bilirubin- (CssHss04Ns), its green
oxidation-product biliverdin, and various other chemically homo-
logous products occur in normal tissues, and may be conspicuous
in excretory and secretory products under certain pathological
circumstances.

Various compounds of the bile-pigment series are encountered
in birds and in lower animals. OGcyan, closely related to bilirubin,

. imparts a blue or blue-green col-
ﬂ ﬂ [l Iﬂ J[—] our to the eggshells of numerous
E—N-J.CHZ N che N cHa N”  birds. Pterobilin is a blue pig-
H H H H  ment observed in many pierid
butterflies’ wings, and other in-
sects and their larvae exhibit or excrete allied compounds. The
liverlike organs of numerous invertebrates seem to lack bile pig-
ments, containing instead porphyrin compounds, exemplified by
helicorubin in some molluscs and crustaceans. Certain leeches,
nourished by the blood of vertebrates, contain blue-green, red or
brown bile pigments in their blood, probably as a result of the
breakdown of ingested haemoglobin.

The sea anemone Actinia equina carries beneath the outer skin
and at the base of the foot a green pigment believed to be biliver-
din which occurs also in other anemones. The dark red or violet
biochrome encountered in the strikingly coloured anemone Calli-
actis parasitica has been termed calliactine. It is a natural indica-
tor, being yellow-brown in acid, becoming golden to orange in less
acidic solutions, and changing to blue, violet and finally red in
alkalis. It can be crystallized in a pure state as blue-violet rosettes
of needles which, when dissolved in dilute aqueous solutions, ex-
hibit characteristic absorption bands, according to the acidity or
alkalinity of the solvent. Calliactine is easily and reversibly
oxidized and reduced, which fact suggests its possible function in
oxidative metabolism. Certain molluscs display colours in their
tissues or shells which are attributable to the presence of bio-
chromes of the bile-pigment class. Examples are the red com-
pound, rufine, in the snail Arion rufus, another red colouring mat-

FI1G. 6.—BILANE
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ter in the shells of abalones and some turban shells, called rufes-
cine, and a blue-green one in another species of abalone. The
purple colour of the offensive, mucous-laden ink of the sea slug
Aplysia (Tethys) is due to a pigment, aplysiopurpurin, closely
similar to mesobiliviolin, conjugated with protein material as are
other pigments, including mesobilirhodin and urobilin which ac-
company it. Numerous fishes among the Belonidae and Cottidae
bear strikingly blue-green coloured skeletons. The green pigment
in the bones and scales of the garfish Belone belone is a bile pig-
ment, related to biliverdin. _

Melanins (Fig. 7).—Dark colours, indicating the presence of
melanin pigment, are observed in mammalian hair and eyes and in
the skin and scales of numerous fishes and reptiles, the ink of
cephalopods various tissues of numerous other invertebrates and
in skin-moles of man and black tumorous growths of various mam-
mals. Melanin, an end-product of metabolism, is formed as a re-
sult of serial oxidation and polymerization of tyrosine or similar
phenolic compounds. This oxidation by dissolved atmospheric
oxygen is catalyzed by an enzyme tyrosinase. Chemically rever-
sible yellow, orange or red stages in the successive oxidation are
followed, if uninterrupted, by a final intensely black product.
Some white or albino animals may lack the enzyme tyrosinase in
its active form, or they may have means of excluding the enzyme
and the substrate, tyrosine, from each other.- Completely white or
red variants of the anemone Metridium semile, for example, fail
to develop melanin in their tissues as do brown variants of their
species. But upon death, or upon grinding of the tissues of such
an albino animal, the macerated material blackens rapidly with
the formation of melanin.

Pale yellow tawny, buff, red and brown colours of hair are due
to melanin in mtermedlary phases of formation or in relatively
finely divided condition. The importance of dark, light-absorbing
sublayers of melanin in intensifying structural blues or iridescent
colours has been mentioned. Genetic or photically induced mela-
nization of human skin serves an important function in protecting
underlying tissues from injurious sunrays.

Certain fishes exhibit a striking ability to synthesize and store
in their skins more melanin when kept on dark backgrounds than
do members of the same species maintained in pale surroundings,
all of the specimens receiving the same amount of incident light
from above. (See Adaptive Colour Change, below.)

Black or brown melanins or melanoproteins are to be observed
in numerous invertebrate animals in addition to those mentioned.
Certain of the worms, numerous crustaceans and many classes of
molluscs exhibit melanism in the integument. The red intermedi-
ate compound, formed during the transformation of tyrosine to
melanin (see formula) is hallachrome, which is encountered also
in the marine worm Halla parthenopaea. It is green in alkali
beyond pH 8.3. This biochrome may be reversibly oxidized and
reduced; it is said to stimulate increased respiration in certain
invertebrate eggs. Its original precursor may be either tyrosine
or tryptophane. Red or yellow uranidines, found in sponges,
corals, medusae, holothurians (sea-cucumbers) annelid worms and
tunicates, are believed to be chemically related to the melanins.

Urochrome, the principal yellow pigment of urine, is consid-
ered to be a modified melanin. In certain diseases, melanin pre-
cursors cause urine to darken as oxidation occurs on standing
(melanuria, alkaptonuria).

Indole Derivatives (Fig. 8).—Certain similarities between
katabolie features applying to the two amino acids, tyrosine and
tryptophane, lead next to a consideration of the biochromes de-

rived from the latter compound. Like melanins, the indole |

derivatives are excretory products of certain animals, but in con-
trast to melanins, their distribution as pigmentary compounds
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is relatively limited. Unlike the dark, sombre melanins, too,
numerous indole compounds are of striking red, green, blue or
purple colours. Indigo occurs as a glucoside in many plants of
Asia, the East Indies, Africa and South America. It has long
been used as a blue dye. While the pigment itself does not occur
in healthy animals, certain chemical derivatives of it are found in
secretory and excretory products.
Hallachrome, the red pigment in the
C,P Q§C fc:lll)iderm(ijs ol:fha marine \évorm, hlal,s bei:ln
iscussed. is compound, as well as the
O S

chromogen of -human melanuria, which is

H H probably a derivative of 5,6-dehydrozy in-
F16. 8.—INDIGO dole, may be generated from the break-
L4

down of either of the common amino acids,
tyrosine or tryptophane.

Tyrian purple, a purple of the ancients, is 6—6’~dibromindigo
obtained by the irradiation of a glandular secretion of several
species. of gastropod molluscs of the genera Murex and Purpurc.
While this red-violet dye has long been employed commercially
in certain countries, its physiological use to the animals producing
it is obscure. In all probability it is an excretory product.

Purines (Fig. 9).—The members of the purine class of com-
pounds are hardly to be considered as true pigments, since they
are usually white crystals. But they often contribute to the
colour scheme of lower vertebrates and invertebrates, hence their
inclusion in the section. The position of purines as excretory
products is amply illustrated by the large amounts of guanine in
the excrement of birds, and of uric acid in that of reptiles. Uric
acid has also been found in the yellow sheets of mucous excreted
by sea anemones. The brilliant whiteness of some anemones,
notably the white variant of Metridium senile, results partly from
microcrystalline deposits of uric acid in the tissues. These crystal-

line aggregates are especially noticeable in
HT—'(EGO the rr}esenteries. Other purines, such.as
H,N—C C—NH gcanthme', have boeo reported'as occurring
" " \oyin the wings of pierid butterflies. Mention
has already been made of the notable dep-
osition of guanine crystals in the leuco-
phores or iridocytes of fishes, contributing -
a whiteness, or often a brilliant silvery appearance to extensive
areas of the skin. Note has also been made of the ability of some
fishes to vary the quantities of deposited guanine in proportion to
the lightness of the background upon which they are living. Purine
compounds constitute part of the complex nucleic acids which
abound in the nuclear material of all cells; it is therefore pre-
sumed that they play an indispensable part in cell metabolism.
The purine compound hypoxanthine exercises a specific stimulat-
ing and acceleratmg effect upon the growth of embryonic tissues
of the chick. '

Pterins (Fig. 10).—Closely related to the purines, and for-
merly classed among them, are the so-called pterlns which derive
their name from their notable appearance and primary chemical
) isolation from the wings of certain species
of butterflies, wherein they are sometimes
accompanied by purines. Pterins are en-
C:NH C—NH-—CO countered as white, yellow, orange or red

l " granules in association with the wing ma-
NH =——C —N === CH terial, and contribute the yellow colour to
FIG. 10.—XANTHOPTERIN. the body-mtegument of numerous wasps.

The pterins are soluble in aqueous solu-
tions, often more so in the presence of ammonia, and insoluble in
the usual organic solvents. Leucopterin is a white compound ob-
tained from Pieris brassicae and P. napi, and has been found ac-
companied by other pterins in other species. Xanthopterin is a
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yellow biochrome responsible for the yellow colour in the wings of
Gonepterix rhamni and other butterflies, and in the abdominal
skin of wasps (Vespa spp.). It occurs also in human urine, and
therefore is often called uropterin. This compound has been found
to be effective in preventing nutritional anaemia in rats and in
young salmon. No physiological roles other than thejr excretory
character have been recognized in the other pterins which occur
in Lepidoptera; the colourless compounds guanopterin and mesop-
terin may be accompanied by chrysopterin, an orange compound,
or by a red homologue erythropterin; the latter imparts conspicu-
ous red colours to the wings of several species. The red biochrome
in the eyes of the fruit fly, Drosophzla melanogaster, of great in-
terest and usefulness to genet1c1sts is believed to be related to
the pterin class.

Lyochromes or Flavines (Fig. 11) -—-Thls class of yellow,
greenly fluorescent, water-soluble
biochromes is very widely dis-
tributed in plant and animal tis-
sues, although their presence in
very small amounts renders their
colour unappreciable in animals
save following appropriate chemical extraction. Although syn-
thesized by bacteria, yeasts and the green plants, the lyochromes,
notably lactoflavine (riboflavine), which is identical with vitamin
B., is not manufactured by animals,” which thus depend upon
plant material for their ultimate supply of this important fac-
tor. Lactoflavine, conjugated with a protein, has been shown
to be identical with the yellovv oxidizing enzyme described by
0. Warburg and W. Christian in 1932. The enzyme is capable of
combining with molecular oxygen, whereupon the yellow colour
develops. It may then release this element for intracellular oxida-
tion processes, with simultaneous loss of colour. The colour is
again restored by fresh supphes of oxygen. Blood, milk, eggs,
liver, kidney and muscle contain appreciable quantltles of the
blOChI’OIl’llC catalyst. Physiologically, a nutritional lack in the
supply of lactoflavine leads to impairment of cellular respiration,
retardation in growth of young mammals, and to cataract in the
eyes of mice, chickens and monkeys. The compound is not stored
" in quantity and is a normal excretory product. This flavine has
been encountered in somewhat concentrated amounts in the Mal-
pighian tubules of insects, which obtain it from fresh vegetable
material. The larvae of mosquitoes responsible for carrying yel-
low fever fail to develop normally, or to complete their meta-
morphosis if deprived of flavine and purine.

MISCELLANEOUS BIOCHROMES

There are many animal colouring matters whose constitutions
remain unknown. Of these, only a few of the more conspicuous
examples will be mentioned.

Chromolipoids are a class of yellowish, reddish or brown fat-
soluble biochromes often encountered in the fat-droplets of eggs
and other cells and in other lipoid-rich tissues. These compounds
have often been mistaken for both melanins and carotenoids. They
are believed to be derived from partially oxidized fatty acids,
phospholipids or other lipoid compounds, perhaps in ways similar
to those in which commercial fats may gradually become dis-
coloured on being heated or after long standing in air.

CH; -CHOH ~CHOH —~CHOH ~CH,0H

C=O
/NH

FiG. u —LACTOFLAVIN

Haemocyanin is the respiratory catalyst encountered in the-

plasma of molluscan and crustacean blood. It is colourless in the
reduced condition, but assumes a blue colour upon exposure to
oxygen, with which it combines. During the circulation of the
blood, the oxygen carried in combination with haemocyanin is
released to the tissues requiring it. Chemically, haemocyanin is
composed of a large protein complex bound to copper, whose
presence is responsible for the blue colour of the oxidized mole-
cule.

Haemerythlin is an iron-containing proteinaceous biochrome
present in the blood of gephyrean worms, serving there as a re-
versible oxygen carrier just as do haemoglobn chlorocruorin and
haemocyanin. The blood containing haemerythrin is pale when in
the reduced condition, but red or reddish-brown when oxygenated.

Vanadium chromogen occurs in blue, green or orange aggre-
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gates within the corpuscles of the blood of tunicates. Chemically
this unique biochrome series represents protein combined with
vanadium in various stages of oxidation. Owing to the presence
of rather remarkable amounts of dilute sulphuric acid in the
corpuscles of these animals, the biochrome readily yields its
combined oxygen to surrounding tissues.

Numerous coelenterates exhibit brilliant pigmentation, the
chemical nature of which is as yet very imperfectly known. For
example, the lasting red pigment.in skeletons of the corals Coral-
lum rubrum and Tubipora muisica, and the red, orange and yellow
colouring matters of many other alcyonarian skeletons are chem-
ically obscure.

USES OF COLOURS TO ANIMALS

Under this head are two distinct classes of problems: (a) the
value of the colours as such to the organisms possessing them;
(b) the value to the organisms of the substances giving rise to
these colours. The one case has to do with the value of appear-
ance to the animal, regardless of how this is brought about; the
other case with -the utilization for one or another function of
substances which happen to be coloured. Any discussion of these
matters must include black and white pigments among the sub-
stances influencing colour. The second of these classes of prob-
lems has already received some attention, in connection with-the
chemistry and physiology of animal pigments. As there stated,
some of these coloured substances have a high physiological im-
portance to the organism, in relation to their respiratory func-
tion, or as products of fundamental metabolic processes.

One service which the pigments or biochromes render to the
organism is the protection of certain tissues, notably the retina
and central nervous system, from the rays of the sun. Here
should be mentioned, too, the dense layer of pigment cells
(chromatophores) which lines the peritoneum of many fishes and
some other vertebrates. The function of such a layer is not cer-
tain, though it may well relate to the protection of the viscera
from sunlight. The cephalopod molluscs, when disturbed, dis--
charge a dense cloud of black ink (melanin) into the water.
This is commonly interpreted as a smoke screen, serving to baffle
pursuers.

As already stated, white in the animal kingdom is sometimes
due to special white substances (guanine, etc.) deposited in the
tissues; in other cases to the mere lack of coloured substances,
the place of these being taken by air. This is notably true of the
hair of white mammals and the plumage of white birds. The
colours of arctic animals belong in a later section of this dis-
cussion, since the importance of these animals’ appearance is
probably a real factor in the evolution of their colour. However,
the suggestion has often been made, and with some plaus1b111ty,
that a white plumage or pelage is of value in retarding the
radiation of heat. Consistent with this view is the fact that some
of these animals lay aside their white garb and assume a darker
one during the summer. It is possible that in these cases both
factors, the concealing and the heat-conserving one, are opera-
tive.

Concealing Coloration (Procryptic and Anticryptic
Coloration) —The optical principles which became familiar to
the world after World War I, under the name of camouflage,
have probably been utilized in the animal kingdom from the
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