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A TRANSPORTABLE TELEVISION INSTALLATION

by J. VAN DER MARK.

A description is given of a transportable apparatus suitable for the demonstration of tele-

vision broadcasting and reception. The installation is housed in two automobile trailers,

and is completely equipped for picture and sound reproduction of studio and outdoor

scenes as well as of films.

In order to be able to give demonstrations of
television at any desired place, the Philips Labo-
ratory has built a portable apparatus, some par-
ticulars of which are given here.

The installation, which makes possible the trans-
mission of studio and outdoor scenes as well as of
films, is housed in two automobile trailers, each one
having a floor surface of about 6 by 2 m. A plan of
these two trailers is given in fig. 1. In the first is
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Fig. 1. Plan of the two automobile trailers for the portable
television installation.

pR1RA

found the apparatus for the generator of the auxi-
liary signals and direct voltages necessary for the
working of the icoroscope of the recording camera,
in addition the apparatus for the conversion of
the picture signals from the iconoscope and of the
sound signals from the microphone or film, and
finally the apparatus for monitoring the picture and
sound obtained ( fig. 2). Two kinds of pictures may

be obtained: in a small fire-proof cabin (in the back-

Fig. 2. Operation and control board. In the centre of the
middle panel may be seen the front of the cathode-ray tube
which shows the control picture. By means of the small
cathode-ray tubes to the left and right of the big one, the
picture voltages may be checked, in the first place in the form
in which they are present in the cable to the transmitter car,
and in the second place in the form present in the signal
sent out from the transmitter, so that the correct functioning
of the transmitter can also be supervised at this point in the
first car.

621.397.7
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Fig. 3. The iconoscope camera for studio and outdoor work.
The base of the camera is provided with a steering gear wor-
king on the front wheels, which can be operated by the left
hand of the camera man. With his right hand he can direct
the camera upon the object with a steering rod. The camera
is mounted on its base in such a way that it rotates easily

around horizontal and wvertical axes. By twisting the
handle of the steering rod the lens may be moved forward
or back in order to focus the image on the mosaic of the
iconoscope.

ground of fig. 2) there is an apparatus for the scan-
ning of films by means of an iconoscope camera
(fig. 3) which is connected with the trailer by a
cable. Fig. 4 shows the camera in use for outdoor
scenes.

The signals from this first trailer are conducted
through a cable to the second trailer, in which there
are two small transmitters for broadcasting the
picture ( fig. 6) and the accompanying sound. For
each transmitter there is an aerial at the top of a
demountable mast about 10 m high. Fig. 5 shows
the aerials mounted on the television car.

The installation is suitable for the broadcasting
of 25 pictures per second, with 405 or 567 lines
per complete picture, while interlaced scanning
is employed. (If 567 lines are used, a frequency
spectrum must be dealt with which extends from
about 50 cycles per second to about 5 X 10° cycles
per second, for 405 lines the necessary frequency

Vol. 3, No. 1

spectrum extends only to 2.5-10% cycles per second.

Since the circuit of a television transmitter has
already been described in Philips techn. Rev. 1
p- 16 and 325, 1936, we shall not go into it
again. Various refinements have been introduced,
but the principle has remained the same.

A small studio set-up is also carried, which
consists of an easily demountable framework of
steel tubing (fig. 7) upon which five water-cooled
super high pressure mercury lamps, each of 1 kW,
can be attached wherever necessary. These have a
closed water-cooling system.

During transport the studio set-up as well as the
camera and the aerials can be carried in the trans-
mitter car. All sensitive parts of the installation
are sprung, so that they may withstand jarring.

The whole apparatus is fed with alternating
current, no generators or accumulators need thus
be transported to supply the necessary electrical
energy, which must be taken from the local mains.
The whole thus forms a complete low-powered
television transmitting station. In giving demon-
strations several receivers may be set up in the
neighbourhood in order to exhibit the picture
received “through the ether”; there is, however,

Fig. 4. The television camera in use.
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Fig. 5. In the foreground is the transmitter car with the two aluminium aerial masts
set up. The aerial proper consists of a half-wave aerial fed at the middle, and is at a distance
of a quarter wave length from the actual mast. In the background is the other car. The
cable connecting the two cars is plainly visible.
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the possibility of transmitting the picture by means
of a cable directly to several demonstration receivers,
in case local conditions make the use of a radio link
impossible.

Fig. 6. View of the interior of the transmitter car with the
picture transmitter. The sound transmitter is in another
compartment of this car, reached by a door visible to the left
of the picture transmitter. At the top of the photograph, in
front of the shutter which closes the end of the car, may
be seen part of the picture aerial demounted for transport.
During transport the free space in this car is used for carrying
the camera and the studio installation.

Fig. 7. The studio installation consists of an easily demountable framework of steel
tubing, upon which, at any place, super high pressure mercury lamps may be fas-
tened. This framework can be covered with cloth and forms in this way a small
studio of a very simple type.

The cabinet contains the apparatus for the supply and operation of each lamp separately,
and for the distribution of the cooling water for the lamps. The circulation and cooling
of the water is effected by means of a small pump and a radiator.
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THE USE OF ULTRAVIOLET RADIATION IN INDUSTRIAL
LUMINESCENCE RESEARCH

by A. VAN WIJK.

In the case of ‘many manufactured products abnormalities can easily be iecognized by
their luminescence. Because of this the observation of luminescence lias provided valuable

as a check in many industries such as the textile industry, the paper industry, the paint
industry, the rubber industry, food industries and laundries. The ultra violet radiation of

- mercury lamps is used for exciting luminescence, the visible rays being absorbed by a
. filter, Two pieces of apparatus for luminescence analysis are described and several examples

of their application are given.

Luminescence

The impression of colour which a mixed radiation
makes on the eye depends upon therelative intensity
‘of the wave lengths in the visible region occurring’
in that radiation. When a “white” mixed radiation
falls on a substance, the reflected radiation may be
coloured, that is, in the reflected light the relative
distribution of the rays is modified in the visible
region.

In many cases the observed change may be
adequately explained by noting that each of the
incident visible wave lengths is weakened in the
reflection by a specific amount depending on the.

wave length and the substance, so that certain

wave length regions make a relatively smaller
contribution to the total light reflected. -

The influence on the radiation by the substance
irradiated is, however, not always confined to a

more or less weakened reflection of each of the .

incident wave lengths individually. With an in-
"cident radiation of suitable wave length many
substances have the property of emitting a portion
of the absorbed energy with an altered, generally
longer wave length ). If an appreciable length of
" time elapses between.the absorption of energy and
its radiation, one usually speaks of phosphoi'escence,
otherwise of fluorescence. The two phenomena
collectively are called luminescence. The .phe-,
nomenon of lumlnescence may lead to differences
between the mixed radiation incident on a sub-
stance and that reflected from it, which are essen-
" tially unlike the differences which oceur in the ab-

sence of lummescence When this property is pres-

ent wave lengths may occur which are missing
in the spectral composition of the incident radiation..

The fact that colour changes due to luminescence
. are not usually observed in daily life, is not due to

1) This law, called Stokes’ law, is related to the fact that
the energy of one light quantum is smaller at longer wave
lengths. After losing a portion of its energy in reflection,
a light quantum can change toa longer wave length but

" not to a shorter one.

the fact that substances which exhibit the phe-
nomenon are rare. On the contrary, a great number
of substances in our surroundings have this property
when they are uradlated with smtable wave
lengths.

Nor does the cause of thJs failure in obser-

_vation lie as a rule in the lack of these wave

lengths in the light used for irradiation, but in the
domination of light reflected normally, that is,
without thange in wave length. Thls is especlally
true when “white” light such as daylight or electric
light is used. If the incident mixture of radiation
is not white but coloured, the conditions for ob-
servation of colour components due to luminescence
are more favourable, prov1ded the luminescence
gives wave lengths which are mlssmg‘m the incident
light.

Luminescence is, however, most strlkmg when a
mixture is used for irradiation which contains no
visible light. Normal reﬁecuon then gives no visible
component, s0. that there is ro obstacle to the ob-

servation .of any luminescence resultmg from the

1rrad1atlon with, invisible rays For the purpose
of excltmg 'luminescence in this way only radiation
with, a wave length shorter than that of visible
light may be used, since the wave length increases
upon luminescence. The first to be considered is,
therefore, ultra violet light, which continues the
spectrum at the short wave "end of the visible
region. Furthel the. ability of X-rays to cause
luminescence in substances is quite well known.
Frequent use is made of this property in rendering
X-rays visible, and in reinforcing the photo-
graphic action of X-rays?). The use of X-rays
for testing materials by luminescence, however,
is out of the question for economic and other
reasons (danger). ‘

The character of the lummescence, that is
the composition of the luminescence light, and

2) See Philips techn. Rev. 2, 314, 1937,

544.63 : 621.327.31
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even the very occurrence of the phenomenon upon
irradiation with certain wave lengths, are specific
properties of the substance irradiated, and as such
are useful in the recognition and examination of
that substance. In many cases the result of the
method of manufacture or of a preliminary treat-
ment manifests itself in the luminescence. The
value of luminescence observation for material
testing and process control is being recognized
more and more in the most diverse cases in all
kinds of industries.

Since the observation is very rapid and does not
injure the substance examined or interfere with
the process of manufacture, and furthermore since
only very small quantities of the substance are
necessary, while the results obtained in many
cases are remarkably good, it is not surprising that
luminescence analysis, as the process is now
called, is steadily gaining ground.

Ulira violet sources of radiation

An important condition for the general appli-
cation of luminescence analysis in industry is the
existence of a simple apparatus, suitable for in-
dustrial purposes, which supplies a sufficiently
intense ultra violet radiation with the exclusion
of visible light. In the following we shall give a
description of two such pieces of apparatus each
of which has its particular range of application.

In both cases the necessary ultra violet light is
supplied by quartz mercury lamps. The visible
light emitted by these lamps is absorbed by a
suitable filter. The filter is made of a special kind
of glass “blackened” with nickel oxide.

Table I gives the transmission of two types of
glass coloured with NiO for a number of mercury
lines. In both cases the transmission for visible
light is practically zero (except for the extreme
red, where they both transmit again; since mercury
lamps give only very little red radiation, this
transmission of the red is usually of no great
importance).

Table 1.

Transmission of two types of “NiO”-glass. The objects tested
were bulbs of equal thickness.

2 (A) Transmission in 9
1 A = 0.1 miL Type 1 .Type 2 -
4047 2 2
3655 71 65
3342 68 27
3130 43 3
3022 28 =
2967 10 —

Vol. 3, No. 1

Fig. 1. The mercury lamp 80 watts, 3000 lumens.

The maximum of transmission for both kinds of
glass lies at about 365 mp, where the strongest
line of the whole mercury spectrum is situated.
On the other hand the two glasses show a great
difference at shorter wave lengths. With type 1 the
transmission of the wave lengths 313 mp and
297 my. is still considerable; with type 2 the trans-
mission is here practically zero. This has been
brought about by an extra addition to the molten
glass in order to prevent the occurrence of con-
junctivitis. Conjunctivitis (snow blindness) is a
painful inflamation of the conjunctiva of the
eye which can be caused by ultra violet radiation
(mountain sunlight). All ultra violet light, however,
is not equally active in causing this complaint;
the shorter the wave length the greater the action 3).

3) See Philips techn. Rev. 2, 21, 1937.
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Radiation with a wave length greater than about
313 muy no longer causes conjunctivitis even in
large doses; it is, however, effective in causing
luminescence, so that without important sacrifices
in the desired activity of the radiation, the safety
of the user may be insured.

The most obvious method of obtaining a filtered
beam is to build the lamp into a cabinet and to
provide the cabinet with an opening which may
be closed by a window of the filter glass. It is clear,
however, that in this way only part of the radiation
emitted by the lamp is available for use, unless the
dimensions of the window are made very great.
To this there are technical objections such as
risk of cracking of the glass which has to be fairly
thick. In the Philips apparatus a different method
has been chosen which makes the total radiation
of the lamp available by surrounding the lamp with
an outer bulb of the filter glass.

As a source of ultra violet radiation the high
pressure mercury lamp “Philora’ 80 watt ( fig. 1)
and the “Biosol” lamp ( fig. 2) are used. Both of
these lamps have been described in this periodical 4).
The high pressure mercury lamp of very small
dimensions is always surrounded by an outer bulb.
By making this bulb of the glass containing nickel
oxide of type 2 above, a luminescence 80 watt lamp
giving 3000 lumens is obtained which maybe connect-
ed directly to the 220 V alternating current mains
via a small choke coil. By placing the lamp in a
reflector made of material suitable for the desired
application, the greatest possible efficiency can
be obtained. Aluminium is a very suitable material
for the reflector. T'able II gives the intensity of the
radiation emitted at a distance of 40 ecm from the
lamp in a direction perpendicular to the radia-
tion element. The input to the lamp is 80 watts.

This lamp is suitable for use in cases where small
samples are to be examined one at a time.

For industrial purposes where larger surfaces

Table II.

Intensity of the radiation of the HPW-80 Watt lamp at a
distance of 40 cm in a direction perpendicular to the radiating
element.

|
1A {(éxl) i “ Intensity in ergs/sec/cm?
4047 | 13
3655 ‘ 1050
3342 60
32

3130

4) The mercury lamp 80 watts, 3000 lumens, Philips techn.
Rev. 1, 129, 1936; the “Biosol” lamp, Philips techn. Rev.
2, 18, 1937.
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must be intensely irradiated it is better to use the
“Biosol” lamp which gives a higher intensity and
has a reflector specially designed to give a wide
beam. The “Biosol”lamp, type A, is intended
for use with a tubular filter which absorbs ultra
violet radiation of wave lengths shorter than 280 m .
When the lamp is to be used for luminescence
analysis this filter must be replaced by a simi-
larly-shaped filter of NiO glass of type 2. The

luminescence lamp so obtained is about 3 times as

20424

Fig. 2. Philips “Biosol” apparatus type A.
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strc;ng as the 80 watt lamp. The chromium-plated
reflector increases the intensity in thé working
direction by an additional factor of about 2.5. At
a distance of 50 cm the dimensions of the cross
section of the beam are about 50 - 80 cm?.

The higher intcnsity of the “Biosol” lamp necess-
itates a higher consumption of energy, namely
250 watts. The lamp HPW-125 occupies a position
between the “Biosol” A with a NiO filter and the
80 ‘watt lamp. This lamp is similar to the latter
but it has an input of 125 watts.

Applications

Several examples: of the application of these
lamps are given in the following, from which it
may be seen that the possﬂnhtv of irradiating large
areas is of practical importance.

Inspection of eggs: As was shown by van Oyen
and Molanus the age of hens’ eggs may be as-
certained at a glance by means of the fluorescence

of the shell. A fresh egg fluoresces red and an old -

egg blue. For checking large numbers of eggs,
: luminescence
analysis is the best method; it, is however, necessary
that whole racks can be inspected at once.
Control of laundry : If hard water is used which

for instance at an egg market,

contains lime, spots of insoluble calcium soap.

-appear in the material. When these spots are fresh
they are invisible under normal lighting conditions,
while under the luminescence lamp they glow with
a bluish brightness. For the inspection of large
quantities of laundry the irradiation’ of large sur-
faces is desirable.

Invisible marking of linen: A’ clever application
of the phenomenon of luminescence is the following.
Instead of disfiguring numbers or other visible

" marks, the laundry stamps the incoming goods with

‘a number in invisible ink of a kind which luminesces

~ strongly. The ink is fast to washing, so that after .

being washed the goods may be sorted in the usual
way by the light of a luminescence lamp.

Control of coloured textiles: Another interesting
application of luminescence investigation is supplied

by the textile industry. The printing of materials

is often done with soluble colourless reduction
produéts of dyes, the leuco-bases. Only in the
following step, oxidation, is the insoluble adsorbed
dye itself obtained. Printing faults can, in general, be
“seen only after the oxidation; they can then, however,
no longer be corrected. Practically all the leuco-dyes
fluoresce strongly upon irradiation with ultra violet
light, so that the printed material miay easily be

inspected before the oxidation process with the -

help of the luminescence lamp. In this case also

Vol. 3, No. 1

the observation of a large surface is desirable; in
many cases, however, the simpler lamp is suf-
ficient, since the luminescing power of the leuco-
dyes may be very strong, and an extremely strong
irradiation is then not required to make them
visible. _

It is impossible in the space of this article to
give a description of the observations which can
be made with apparatus for luminescence analysis
on the diverse substances which enter into all
kinds of industries. Such a description could not
be given without reservations, moreover, because
the observations are liable to be found incorrect
in certain points upon closer examination. The
extremely sensitive method of luminescence analy-
sis has, in common with other sensitive methods,
the property of being easily disturbed. In many
cases the luminescing power of a given substance
is due only to extremely -small quantities of im-

" purities, or such impurities may modify the lumi-

nescence. Sometimes such impurities will be
essential for the use to which the substance is
put, sometimes they are completely useless. In the
latter case it would of course be incorrect to con-
demn the substance on the basis of the presence
or absence of luminescence, or of luminescence of
a changed character.

As examples of industries in which expenence.
has shown the value of luminescence analysis in
skilled hands, the following may be mentioned:
textile industry, paper industry, paint industry,
rubber industry, food industry, laundries.

In addition there is room for application in goods
inspection, the detection of all kinds of falsifications
as of checques, postage stamps, banknotes, paint-
ings, etc. ‘

It may be mentioned that in many cases the use
of an extra filter between the eye of the observer
and the substance being examined may prove
valuable. This filter serves to absorb the ultra
violet radiation reflected from the substance, as
well perhaps as the mercury line with a wave
length of 405 mp which is transmitted by NiO
glass.

It is incorrect to say that ultra violet radiation
is entirely unobservable by the eye. Long ultra
violet wave lengths give a certain impression, if the
radiation is sufficiently intense. With respect to
the limiting wave length there are individual dif-
ferences, but the mercury line of 365 my used
chiefly to excite luminescence is observable by
practically everyone.

+The hght impression obtained upon looking
du'ectly into the luminescence lamp may be as-
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cribed chiefly to the ultra violet radiation, with
the exception of a small amount of red. By in-
troducing a filter as described above, which absorbs
radiation with a wave length shorter than about
410 my, but transmits longer wave lengths, a truer
luminescence colour is observed. Many non-
luminescing materials give the illusion of greyish
blue luminescence without the filter. The filter can
be best introduced directly before the eyes in the
form of spectacles of a special glass. Noviol-O or
Noviol-A glass of the Corning Glass Works is
suitable for this purpose.

ULTRAVIOLET RADIATION IN LUMINESCENCE RESEARCH - . ) 9

The luminescence apparatus may be employed
not only for analysis but also for obtaining special
lighting effects in shop windows or on the stage.
In such cases, paints or textiles, of which there are
many, are chosen for their strong luminescence.
* Another important application of luminescence:
lamps may be in the making visible of objects

_ (they may be painted with a luminescent paint)

by means of a source of invisible light. For example
in cases where there is danger of glare from sources
of visible light, this application deserves serious
consideration. :

. «PHILITE” AS A STRUCTURAL MATERIAL

by L. L. C. POLIS.

Several kinds of “Philite” are discussed with special emphasis upon their application in
technology. In the first place their physical properties are described, and the conditions

are discussed which must be fulfilled if the substance is to be used as a structural material

cd

while finally various possibilities for the application of this material are indicated.

Introduction

In September 1936 a survey was given in this
periodical ') of the most important kinds of
“Philite”, their properties and several possibilities
of their application. Before this material can be
put into practical use it must become as familiar
to those using it as the materials which are now
common, such as metals, wood, stone, cement,
etc. For this purpose it is at first necessary that the
different mecbanical, electrical, chemical and ther-
mal properties of “Philite” become generally known.

A table, accompanying this article, has been com-
piled in which the most important of these values
are given. At the same time it may be seen from
the table that very many different kinds of “Philite”
are made, and that their physical and chemical

properties are so widely divergent that it" will

usually not be difficult to find among all the 'dif-
ferent kinds a material which satisfies the require-
ments in any given case.

1) R. Houwink, Properties and applications of artificial
resin products, Philips techn. Rev. 1, 257, 1936.

Y

Since “Philite” must be pressed in a mould, it
is possible to manufacture many kinds of articles
in this way. If the shape of the article to be made
cannot be pressed directly, or if it is one which
would demand too great a complexity of the
mould, “Philite” will be found to have the addi-
tional advantage of being easily worked.

Construction with “Philite®

Because of the high cost of the necessary mould,
“Philite” is especially suitable for articles which
have to be made in large numbers. Nevertheless,
the financial returns on the mould, even from a
small number of articles, rises with the increase
in complexity of the product, that is with the in- -
crease in the cost of making the same product in
another way, for example by machining or casting.

For complicated small articles (up to about 100
mm in diameter) ( fig. 1) the manufacture of 500
pieces may be enough to make a mould pay for
itself. '

679.562
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* Measured at a wavelength of 200 m; that is a frequency of 1.5 mega cycles per second
. Measured between 20 and 80°C.
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%) Softening point determined by Martens’ method.
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8) TUpon long contact with water, the water is absorbed. Y-

%) Not attacked by hydrochloric acid (sp. gr. 1.19) and phosphonc acid (sp gr. 1 7) and at 100°C also resistant toa nuw:ture
of hydrogen fluoride and sulphuric acid (sp. gr. 1.22). . .
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After the kind of “Philite” has been chosen
on the basis of the data given here (cf. table),
the shape must be determined with reference to
the method of manufacture of the material. In the
article quoted above, a diagram of a mould is given,
from which may be seen the principle upon which
the determination of the shape of the article rests.

Fig. 1. Disc for switch shaft.

If it is desired to keep the mould and the process
of manufacture as simple as possible, and thus as
cheap as possible, care must be taken that the
product is easily removable from the mould.
Lateral projections or depressions are therefore
excluded. Op the other hand full use must be made
of the valuable property of the material of tempo-
rary plasticity. Therefore supports, reinforcing and
fastening knobs and ribs as well as parts for fasten-
ing such as nuts and bolts may be incorporated
directly in the mould, so that they are pressed into
the product without further expense.

This last-mentioned possibility, consistently ex-
ploited, is one of the most important advantages
obtained from the use of the material. It means
the elimination of loose clips for fastening, and
the saving of time in assembling the apparatus of
which the moulding is a part. Figs 2and 3 give
good illustrations of this. In the example of fig. 2
advantage has also been taken of other properties
of the material such as its attractive appearance,
since this cover forms part of the body of a vacuum
cleaner. Use is also made of the fact that the
material is a good insulator, since the terminals which
serve as connections for the current are pressed
directly into the material. In this single example,
therefore, advantage has been taken of the mechan-

Vol: "3, No." 1

ical, aesthetic and electrical properties of the
material. In figs 4 and 5 parts of X-ray apparatus
are shown in cross section as examples of the shapes
which can be pressed from “Philite”.

In the

there are

construction of articles from “Philite”

several other points which demand
attention. We shall discuss these points one at a
time in the following.

The material does not become thin and
fluid in the press but remains a tough plastic
mass. The shape must therefore be chosen so that
the mass need not flow around sharp angles, but
so that the whole is stream-lined ( fig. 6). Fig. 2
also gives a very good example of this. When this
principle is not applied, unnecessarily high pressure
must be used in pressing, and the risk remains
that there will be incompletely filled spaces, called
air spots.

Stresses occur in all products which are manu-
factured under a heat treatment. Since in the case
of Philite these stresses cannot be removed by
subsequent heating as is the case with glass, special
consideration must be given in designing the form
to provision for:

a) the greatest possible symmetry in the shape,

b) as near as possible equality in the thickness of
the walls,

c) gradual transitions to thinner walls when local
thickening cannot be avoided,

d) no sharp angles, and radii of curvature always

as great as possible.

Fig. 2. Cover of a vacuum cleaner.
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The mould mustbedividedinthe correct
way. It is very important that the cross section
where the upper and lower moulds join should

Fig. 3. Cover containing terminals of a vacuum cleaner.

lie at the highest point of the article to be pressed,
in order to prevent the enclosure of air which is no
longer able to escape and therefore causes air spots
in the moulding ( fig. 7). The edge 4, which forms
a groove in the upper mould is filled with air.
During the closing of the press this air must be
forced through the press mass. Since this takes
place at the very end of the process, that is, when
the mould is practically closed, the press material

R e

Fig. 4. Cross section of part of an X-ray apparatus.

“PHILITE” 13

has a greater tendency to escape through the opening
between the two halves of the matrix than to fill
the uppermost edge. The air is therefore unable
to escape from this groove. In the construction of
the mould provisions may be made against the
escape of the material; these provisions however
also hinder the escape of air. In the case illustrated
the flange must be at the very top, or if an edge
is necessary (fitting rim) it must be kept as short
as possible (several millimetres at the most).
“Philite” is a poor heat conductor, so

Fig. 5. Cross section of part of an X-ray apparatus.

that the thickness of the material has a very great
influence on the time necessary for the material
to harden in the heated mould. The material at
the core must also be subjected to the high tem-
perature for a sufficiently long time in order to
complete the hardening process. This longer time
for pressing is of course a factor in the cost price.
Normal thicknesses of wall are from 3 to 6 mm;
10 mm must be considered as a maximum.
Deep round holes with a small diameter, so
that the depth is greater than twice the diameter
of the hole, or any deep narrow holes must
be avoided.

When one considers that a pressure of from 300
to 500 kg/cm? must be applied in the mould, it
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will be clear that the long thin projections of the
mould which must form the holes in question
would be subjected to enormous forces, and that
bending or breaking might easily occur.

‘The metal parts for fastening, which are to

Fig. 6. Construction with “Philite” must be “flowing”. as
in @. No sharp edges as in b.

be pressed in, may consist of eyelet-holes, bolts
or nuts. There is little to be said about the first
two; they must be provided with a head which is
enclosed in the mass and which must be so con-
structed as to prevent -turning and pulling out.
The head is. usually. milled or made of héxagonal
material to prevent turning, and is provided with
a circular groove to prevent-its being pulled out.
A metal nut which is to be pressed in must be
p;oﬁded with the same guarantees against turning
* and pulling out. It is however also possible to press
the screw ‘thread directly into the “Philite”, or as
in metals to tap it afterwards. Although the pressed
thread is better in- quality than the tapped one,
the pressing of the thread involves certain risks to

the mould which one usually prefers to avoid

' by tapping. The shaping of the threaded hole
must be done with the aid of loose pins which
are extracted with the moulding, and  then
screwed out of the: latter and reinserted into
the mould. It may happen that these pins are not
properly fixed in the mould, or, if -they belong
in the upper ha]f,“t‘hat they fall out, and éerioixsly
dainage the expensive mould ﬁpon pressing. The

. a ‘ h .. zs030-
Fig:'7.. The:. flange. in, @ is incorrectly- placed, . so that the
“Philife” has difficulty in filling rim 4. The flange niust be as
high"as’ possible as in D. --- sl e s T

cviinnd s el
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_ method of tapping the thread will be used preferably

whien it is to serve for permanent fastening, for
instance for the fastening of parts in a Philite radio
cabinet. , : -

One condition for success is, moreover, that the
length of the threaded part of the nut should be at
least equal to twice the diameter of the bolt. Since
the hole must be drilled before tapping, and the tap
must have a few millimetres of play, and since also
there must be sufficient material below the hole
to prevent the drill breaking through (about 3 mm),
care must be taken in the design that the projec-
tions in which the thread must be tapped are not
too small (fig. 8).

Lateral projections or depressions can
only be given to “Philite” mouldings at the cost of
special provisions in the mould and in the method
of pressing. Fig. 5 shows the cross section of a
moulding with depression on one side. Fig. 9 shows
that spools or bobbins with several flanges can
also be pressed from “Philite”. The construction of

. these complicated forms must, however, be studied -

in each case individually, and can only be carried
out with the closest cooperation of the mould

j? §
%
: ) T 25029

Fig. 8. Sketch of a tap hole in a “Philite” boss.

maker. It necessitates a. rather importanf increase
in cost because of the more expensive mould and
the longer time for pressing arising from the com-
plicated manijpulations between two successive
pressings. .

As has already been mentioned, because of the
necessity of an expensive mould “Philite” is es-
pecially suitable for mass production. For this
purpose it is advisable to try to make the design
so that it consists of components which occur

 several times in the construction; and in addition

to construct it in such a way that the same structur-
al elements may be used for different purposes.
Good examples of this are the switch shaft disc
in fig..1 and.the condenser or insulator elements
(*fig.” 10). The latter form structural elements of
the Philips high tension apparatus as may be seen
from fig. 11. Since they are provided at the top and
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bottom with a screw thread, they may simply be
screwed together and form columns 6 to 7 m high,
while by means of exchangeable parts in the mould

Fig. 9. Cylinder with three flanges.

these containers can be used as condenser pots,
supporting and conduit insulators.

Finally we shall discuss still another application
of “Philite”. Since the material (“Philite” T) has a
coefficient of friction of only about 1/101like good bea-
rings metal with oil lubrication it is very suitable for
the moulding of bushes. When we consider the fact
that the maker of bushes has up to now worked
exclusively with materials which were good heat
conductors, it will be obvious that certain pre-

Fig. 10. Containers for condensers or insulators.
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cautions must be taken in changing over to
“Philite” having a poor heat conduction.

The first success with bushes made of artificial
resins was achieved in the steel rolling mills in
Germany, where they were used for slowly
turning shafts with shaft pressures of 200 kg/cm?.
In connection with the poor heat conduction of
the material, bushes of artifical resin must in the
first place be provided with a good cooling system
by circulation lubrication or with a special water-
cooling system. A temperature higher than 80°C

is not permissible in the bearing. Special attention

Fig. 11. View of high tension installation (described in Philips
techn. Rev. 2, 161, 1937), in which the columns B and D are
composed of the “Philite” elements shown in fig. 10.

is called to the possibility of lubricating these
bearings with water, so that in their use in under-
water motors and pumps a simplification of the
construction is obtained. In view of corrosion and
oxidation in the use of water it is, however, better
to lubricate with oil or emulsions of oil and water.
Furthermore it is desirable to make the bush in the
form of a relatively thin shell of “Philite” enclosed
in a metal housing, so that the heat can be more
easily conducted away.

With metal Learings a clearance of 0.2 per cent
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is usually allowed between axle .and bearing,
with bushes pressed from artificial resin a minimum
of 0.25 per cent must be taken (in electric motors
‘with small air gap), but where it is permis-
sible the clearance should not be lower than 0.3
per cent. _

The usual quantity used to characterize the load
on the bush is the product pv of the specific pressure
p in kg/em? and the peripheral velocity v in m/sec.
With normal lubrication with oil, water or an
emulsion this product may be raised to 90 (p up to
40 kg/cm?). With pressure lubrication it is possible
to go as far as pv = 250 with the same maximum
pressure. ‘

A “Philite” bush will carbonize when. it becomes
too hot, and therefore the shaft bearing surface is
not damaged. Since the shafts with the parts of the
machine permanently attached to them often form
an expensive part of the whole machine, this is an
important advantage. On the other hand, however,
the bushes of “Philite”. must be more accurately
centred than those made of metal. In the case of
the latter it is possible for the metal to be forced
out upon local overheating, so that a better
centring is obtained and the bearings continue to
run smoothly. In the case of bushes made of artificial
resins, local combustion takes place under these
circumstances.

Vol. 3, No. 1

Since products made of artificial resins have
increased- so rapidly in importance, the workmen
who know how to handle this material havé ob-
tained their knowledge up to now only by practical -
experience, that is to say, in those industries in
which the material plays such an important part
as electrical insulation-material. From the fore-
going it will be seen that the material may also
be used extensively in other industries. Since,
however, in these other industries experienced
workmen are still lacking, the execution of the
designs will in many cases have to be carried out

‘by the manufacturer of the material. In order to

reach the correct solution of a given problem it is
necessary that the designer be fully informed
about the function of the part in the machine or
apparatus, and about all the influences to which
it will be subjected. By giving adequate information
to the designer disappointments may be avoided
for which the material is often incorrectly held
responsible. A study of the table will show that
the properties of “Philite” are not unlimited, and
that therefore its use does not mean the solution of
every problem. A critical choice for a practical use
is, as with all materials, essential; and when such
choice has been made it will be found that with
the proper use of the material many problems can
be satisfactorily solved.
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THE EXPERIMENTAL SHORT WAVE BROADCASTING STATION PCJ

by P:J. H. A. NORDLOHNE.

A description is given of the way in wluch the transmitter P.C. .]' has been successively
rebuilt'for the purpose of increasing its output. Details are given of the recent enlargement
of the transmitter. This station transmits at frequencies of 9.59 and 15.22 megacycles
per sec, and gives an unmodulated carrier wave with an output of about 60 kXW. Two

' triodes of type TA 20/250 are used in the final amplifier stage. There is a discussion of ‘the
difficulties which are encountered in the use of very high frequencies (above 2 mega-
cycles per sec) due to the large size of these valves. In addition a description is given
of the measures which can be taken to ensure that the valves behave the same in a
short wave transmitter as in a long wave transmitter.

Introduction

In the beginning of 1937 the experimental short
wave transmitter P.C.J. was again transferred from
Eindhoven to the grounds of the Phohi (Philips
Omroep Holland Indis) -broadcasting station in
Huizen. The transmitter was built in the Philips
Laboratory in Eindhoven in 1926, and the first
experimental transmissions on a wave length of
about 31.5 m (9.5-10% cycles per sec), which
have since become historical, took place from that
laboratory.

The original transmitter was controlled ‘ by a

quartz crystal. The last stage contained a trans-
mitter valve of the type TA 12/20 000 K; in this
last stage the modulation was obtained by means
of water-cooled modulator valves type MA 12/15 000.
The aerial consisted at that time of a_single wire
40 m long slanting upwards.

This transmitter was soon found to cause such
interferences in the laboratory that it had to be
moved. The choice then fell upon the factory
grounds of the Nederlandsche Seintoestellenfabriek
in Hilversum, where there was also room available
for a more effective aerial installation. After several
years of experimentation there, the broadcasting
was temporarily stopped.

Meanwhile in. Eindhoven a design had been
developed of constructing a new transmitter
with four water-cooled transmitter valves in
the last stage. In addition the transmitter was
to be made suitable for 15.22 and 9.59 mega-
cycles per sec, that is, for both the available
frequencies.

Furthermore sectional construction was to be
employed. For the first stages, which, among other
functions, must multiply the frequency of the quartz
crystal, a transmitter was used which had, been
installed in the Carlton Hotel in Amsterdam from
November 1930 to October 1931, and had served

.as an experimental broadcasting station on about
) :

40 megacycles per sec?). This transmitter was
supplied exclusively with alternating current, and
could immediately be connected with 50 cycles sup-
ply mains. The transmitter could be rebuilt in a
fairly simple way for the frequencies of 15.22 and
9.59 megacycles ‘per sec, giving an output of
about 1 kW. In this way the transmitter became
the first section of the new transmitter P.C.J.
Between this section and the final stage there had
to be an intermediate stage with two smaller water-
cooled valves (type TA 10/5000 K ) where modulation

‘was obtained. The new P.C.J transmitter with three.

sections has broadcast experimental programs
regularly since September 1934, at first only at
15.22 megacycles per sec, later ‘at 9.59 mega-
cycles also. It was set up about 6 km from Eind-
hoven on the railway line to Utrecht. The aerial
consisted of a single horizontal dipole aerial
which extended approximately in a North- South
direction at about 22 m above the ground.
Toward the end of 1936 it was decided to increase
the output of the transmitter P.C.J. by adding a
stage with two water-cooled valves of the type
TA 20/250. These are valves each of which can give
60 kW carrier wave energy at the lower frequencies
(less than about 3 megacycles per sec), with the
possibility of 100 per cent modulation when used
as class B amplifiers. At a frequency of 15.22 mega-
cycles per sec about one half of this output could
be counted on. This increase in output was to take
place when the transmitter was transferred to the
grounds of the Phohi transmitter in Huizen, where
there was sufficient space available for setting up

. directional aerials, while many other improvements

also were introduced.
Before passing on. to the description of the

1) P. J. H. A. Nordlohne, Expeninental Radio Broadcast
on a Wave Length of 7.85 m in Amsterdam. T. Ned
Radio Genootsch. 6, 1, 1932 (Dutch)

621.396.712.029.58
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enlarged transmitter we shall give a few particulars
of the transmitter before it was enlarged.

First section

This section contains a driver stage which is
controlled by a piézo crystal having socalled
,zero temperature coefficient” cut and its fre-
thus fairly constant without
the necessity of a thermostat. The multiplica-
tion of the frequency takes place in several
steps, followed by two amplifier stages. If the
slightly  this

quency remains

mains voltage were to change

Fig. 1. The water-cooled output valve TA 20/250.

section would need considerable readjustment
because it consists of 7 stages. This difficulty was
avoided by the introduction of an induction
regulator, so that the supply voltage of the whole

section can be adjusted in one operation.

Second section

As already mentioned the second section con-
tains the modulator stage. The grid and anode
circuits are carefully shielded from each other. In
order to avoid parasitic oscillations, the grid output
terminals are connected directly with a pair of
resistances, each of which is shunted by a coil of
several turns. These coils form a high impedance

Woll i3 ¥ Nos'7l

for a possible high frequency parasitic oscilla-
tion but only a very low impedance at the
frequencies used, viz. 15.22 and 9.59 megacycles
per sec. By choosing suitable dimensions for the
chokes between grid and filament, low parasitic
frequencies are avoided.

The anode voltage to this stage is supplied by
three gas-filled rectifier valves D.C.G. 5/2500.

Third section

The grid and anode parts are shielded from each
other as much as possible in this stage also, and
the whole section is very compactly constructed.
Since the four triodes (TA 12/20 000 K) used in
this section have an upper and a lower glass bulb,
the mechanical layout of this section was obviously
not very simple. The valves are inserted vertically in
holes in a shielding plate with the grid below and
the anode so that outside the
the grid circuit is shielded from the anode circuit.

above, valve
The filament leads pass through the upper bulb
and those of the grid through the lower one.
The constructional difficulty lies mainly in the
fact that the valves must be able to be changed
quickly. Moreover, there is the chance of undesired
couplings due to the relatively strong stray fields
In the P.C.J.

condensers are used which

of the neutralising condensers.
transmitter therefore
consist of a flat box, as the first electrode, con-
taining a sliding plate which serves as second
electrode. The whole is set up vertically in the
grid compartment. The upper part of the box
is at about the height of the horizontal shield.
The box is connected with the grid of the neigh-
bouring pair of valves, while the inner plate which
is shielded by the box is connected with the anodes of
the opposite pair of valves. This requires rather long
connecting strips whichareinthe anode compartment.

Although no resistances are introduced into the
grid and anode circuits, with this arrangement no
parasitic frequencies occur over a wide range on
both sides of the tuning point of the anode
condenser and with aerial coupled. A resistance is
introduced in parallel with the grid circuit, and
forms the main load on the second section. It also
provides that the excitation of the last stage has
a linear relation to the depth of modulation, and
is thus independent of the grid current load, which
varies with the depth of modulation. With this
arrangement of the third stage no extra measures
are necessary to stabilize the valves.

The negative grid voltage is supplied by a special
apparatus (R.S.A.) consisting of a six-phase rectifier
with three rectifier valves, type No. 1768. This
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apparatus is heavily loaded in order to keep the
voltage constant during modulation. The R.S.A.
is provided with a liberally designed filter to
prevent hum.

The anodes are fed by six gas-filled rectifier
valves, type D.C.G. 10/15, which contain a grid
and are connected in the ordinary six-phase circuit.
By means of a three-phase induction regulator,
whose stator and rotor windings are completely
separated electrically, the phases of the grid voltages
of this rectifier are regulated with respect to those
of the anodes, so that the voltage can be varied
very smoothly between zero and the desired value.

We shall now go on to describe the enlarged
transmitter.

The 60 kW stage 2)

The first three sections of the P.C.J. transmitter
can give about 12 kW carrier wave energy, which
can be modulated for 100 per cent. The energy
could of course be increased, as is sometimes done,
by allowing several 12 kW transmitters to supply
energy to the same aerial. The frequency is then
determined by a single piézo-electric crystal. Five
such transmitters could in this way deliver about
60 kW. There would then be twenty
(12/20 000 K) in use, as well as many other triodes
and diodes.

The more valves in use, the oftener “technical

triodes

hitches” will occur, since every valve has a limited
lifetime. Nevertheless the use of several similar
transmitters in parallel may in some cases be
justified. For an experimental transmitting station
such as P.C.J., however, this parallel arrangement
has no particular attractions. As an experiment
it is interesting to find out whether this increased
energy can be obtained with two triodes of higher
power, on the one hand from the point of view of
transmitting valve technique, and on the other
hand from that of transmitter technique.

For this reason a fourth stage was added to
P.C.J. which is provided with two triodes type
TA 20/250 ( fig. 1) which were developed for
frequencies of about 3 megacycles per sec. The
inter-electrode capacities have such a value that
at a voltage of 15 kV and a frequency of 15 mega-
cycles per sec the triodes became too hot, when in
preliminary tests each lamp was allowed to develop
continuously 100 kW in a self-oscillating circuit.
The capacitive currents are then of the order of
100 A and raise the grid connections to red heat.
In spite of watercooling all the temperatures were

2) Various details of the circuit of the 60 kW stage and of
the aerial system are due to K. Posthumus.
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toohigh,includingthose of grid and filament supports.
At an anode voltage of 15 kV and with 30 kW
carrier wave energy per valve, the valves were
found not to be overloaded providing that the
above-mentioned water-cooling was introduced,
and that the glass bulbs were shielded by a metal
anode cap and metal grid caps. These caps prevent
the occurrence of strong electric fields near the glass,
and especially near the chrome-iron to glass joints.

For the use of the transmitter in a broadcasting
station, experiments had to be carried out on
stability and neutralising. Difficulties were ex-
pected because of the very steep slope of the charac-
teristic of the valves and the high stray capacities
with respect to earth, which tend to disturb the
symmetry of the circuit. These difficulties were

found to exist in practice. As a matter of course an

Fig. 2. Lecher system of two double copper tubes which also
serve for the water-cooling.

attempt was made to build the transmitter as sym-
metrical as possible with respect to earth. The
whole is built on a large copper ground plate, which
may have the disadvantage of being a coupling
element, but which also has the advantage of sym-
metry and constancy with respect to earth. Further
the water for cooling the anode, as in the second
and third sections, is supplied through the middle
of the anode tuning coil, which consists here of a
short Lecher system of two double copper tubes,
two tubes for the ingoing water and the other tubes
soldered to the first for the outgoing water ( fig. 2).
The rubber inlet and outlet tubes for the cooling
water are thus attached at a point which is neutral
with respect to high frequency, so that, provided
they are set up at some distance, they have no
influence whatsoever on the stability and the
tuning. A sliding bridge provides for accurate
tuning, while an extra coil between the two anodes
serves for rough tuning. The anode voltage is also
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, Fig. 8. Bridge circuit in which the filaments and grids are

. connected with the points F, K, and K, through condensers
Fig. 7. Bridge circuit in which all possible disturbing self-

inductances havé been considered.

C, and C;, which are tuned with the self-inductances of the
connections.
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supplied at the end of the closed Lecher system,
which is the neutral point.

Two water-cooled loading resistances are intro-
duced between the grids of the two valves. Each
consists of a mnickel iron wire which is wound
non-inductively and is placed in a glass .tube
with inlet and outlet for water. The two resis-
tances are in series, so that the connection .
between them carries no high frequency vol-
tage. Nickel iron was chosen, because, due to
its high permeability, there is a considerable
skin-effect. Thus a high resistance can be ob-
tained with a relatively short length of wire.
In these resistances about 12 kW from the third
stage is dissipated. For this third stége the re-
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and the grid circuit may no longer be neglected,
so that different voltages may prevail in the grid
circuit from those between grid and filament.
In order to demonstrate the solution of this dif-
ficulty we shall begin with the fandamental circuit
diagram of the two transmitter valves given in
fig. 9. We shall for the time being neglect the con-
densers C, and C, and we are then concerned with
the substitute diagram of fig. 3. As soon as there
are self-inductances in the branches of the neutro-
dyne condensers Cpy, the equilibrium is disturbed
(fig. 4), but can be reestablished with a different
value of the neutrodyne condenser for one fre-
quency. If, however, grid g and/or filament f are
separated by self-inductances from their corres-

-

S+ o

AN

24943

Fig. 9. Circuit diagram of two transmitting valves in paraile]. H, and H, feeder terminals
for the filaments f; and f,. S; and S, adjustable bridges for tuning the Lecher systems.

R.S.A. is the grid bias voltage apparatus.

sistances must form a much’ greater load than’
that caused by the variable grid currents of the
“fourth stage, so that a linear relation is as nearly
as possible ensured between the high frequency
voltage at the grids of the fourth stage and the
depth of modulation. .

On attempting to neutrodyne, the first difficulties
appeared, and were connected with the use of triodes
of such large dimensions with relatively high frequen-
cies. Neutrodyning serves to keep the reaction small,
that is, it serves as far as possible to prevent a
high frequency current in the anode circuit of a
valve from inducing an alternating voltage between
grid and filament of the valve, or in the grid circuit
connected with it. In general the second condition
is fulfilled if the first is satisfied, because the grid
circuit is connected directly with the grid  and
filament. In large transmitter valves and at very
high frequencies, however, the inductive reactance
of the connecting wires between the valve electrodes

ponding connecting terminals G and F, as is shown
successively in figs. 5, 6 and 7, then by changing Cpy
it is impossible to prevent the appearance of po-
tential difference between G; and F, (or G, and F,)
or between g; and f; (or g, and f,) when alternating
anode currents are flowing.’

In order to meet this difficulty, condensers
C, and C, are added in series with each of the two

24942

Fig. 10. Detail of the circuit diagram show;ing the filamen
supply. :
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grid connections and with each of the filament
connections. These condensers are in series reso-
nance with the self-inductances of the electrode
connections for the frequency used ( fig. 8) so that
three points K, K, and F are thereby obtained

Vol. 3, No. 1.

K,, K, and F thus established: grid tuning coil,
neutrodyne condensers, loading resistances and
high frequency grid feeders (from the third stage,
cf. fig. 9).

Since the " filament connection terminals F,

Ky

2499449

Fig. 11. Circuit diagram of the transmitting valves, in which self-inductances (L) and
capacities (Cg), tuned to the working frequency, are introduced between grid (g; and g,
respectively) and grid terminal (K, and K, respectively).

outside the valves, which have the same high fre-
quency voltage as the two grids and the filaments
respectively. The two filaments are then at the same
potential, i.e. at rest from the standpoint of high
frequency, when the circuit is symmetrical, which

and F), are at high-frequency voltage, the source of
current for the filaments. cannot be connected di-
rectly to these points, but the filaments must be fed
through two Lecher systems, which are tuned to
a quarter wave length by means of S, and S,

—

v

UL
24945

Fig. 12. Circuit diagram of the transmitting valves in which account is taken of the mutual

induction M between filament and grid.

can be brought about in a simple way using a two
gang condenser.

For a single frequency, therefore, fig. 8 can be
replaced by fig. 4. At this frequency the circuit
shows no reaction.

'All other connections are now made at the points

(fig- 10) and therefore form an infinite impedance
for the frequency in question. The tuning by S,
and S, is not critical. It is enough if the filaments
are joined to each other by means of a con-
stant -high impedance. H; and H, are neutral-
points at . which:.the..machine for feeding the
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filaments may be connected without difficulties.

One of the points H;, and H, is connected to
earth and also with the positive terminal of the grid
bias apparatus. The negative terminal is con-
nected with the grid terminal through two chokes
of copper or resistance wire.

In spite of the fact that a very good neutrodyning
is now obtained, it must be kept in mind that stab-
ility is assured only for the working frequency.
There is no guarantee that parasitic oscillations of
very high or fairly low frequencies will not occur,
or an oscillation of a frequency in the neighbourhood
of the working frequency. Both kinds of parasitic
frequencies are suppressed by a resistance r connected
directly in series with the grid terminals (fig. 11).
Such a resistance, however, is also a resistance for
the working frequency, and would therefore have
to pass the high capacitive currents, as soon
as excitation occurred. An air-cooled resistance
could, therefore, not be considered. Moreover, such
a resistance would absorb excitation voltage. This
is prevented by introducing a series circuit con-
sisting of a condenser C; with a self-inductance L
in parallel with the resistance, which circuit is in
resonance with the working frequency. This circuit
has a very slight damping, so that even with only
a slight difference in frequency it has a higher
impedance than the resistance which is in parallel
with it. It is actually found that the stage is now
quite stable, even with no load on the anode circuit.
The above-mentioned series circuit is of course
not so sharp that the modulation bands are passed
through with decreased intensity; on the other
hand, however, the neutrodyning is sufficient
guarantee of stability for such small differences in
frequency (of the order of 0.07 9%, at the most)
and even for larger differences.

Since the long filament connection is strongly
coupled with the grid connection which runs
parallel to and at a short distance from it in each
of the valves, there is a high mutual induction
between anode and grid circuit, so that an undesired
back-coupling occurs, and the output cannot be
increased. This difficulty is met by compensating
these undesired mutual inductions by the intro-
duction of opposite mutual inductions outside the
valves (M in fig. 12). In the beginning there were
still difficulties with the grid and filament series
condensers C; and C, which form the leads of the
grids and filaments. These condensers have relatively
low capacity and allow high capacitive currents
to pass, so that the voltage across the condensers
becomes very high with danger of flashover.

By giving them proper proportions and especially
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by rounding off the edges and making the surfaces

absolutely smooth, these difficulties were also
finally overcome.

The use of two such large triodes for a high
frequency means a long step ahead on the road
to increasing-output, as was explained in the

introduction to this article. There is now nothing
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Fig. 13. Wooden mast with platform to which a vertical
dipole aerial is fastened.

to prevent the construction of a broadcasting
transmitter for ultra short waves for several hundred
kilowatts carrier wave energy. This may be done
by combining several 50 to 75 kW transmitters
of the above-described type.

Aerials

When the transmitter was still set up in the neigh-
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bourhood of Eindhoven, experiments were made
with a horizontal dipole aerial hung between two
masts only about 25 m high. Upon transfer to
Huizen an aerial for a wave length of 19.71 m was

Fig. 14. Directional aerial set up on the grounds of the Phohi
transmitter in Huizen.

put into use, which was directed towards the
Dutch East Indies, as well as a wvertical dipole
aerial which was suitable for 19.71 and 31.28 m
(15.22 and 9.59 megacycles per sec respectively).

The directional aerial was hung between a wooden
tower and a steel Mannesmann mast, both 60 m
in height. A tower was chosen in connection with

the available space; a wooden tower was chosen

249-"
Fig. 15. Circuit diagram for the feeding of the directional
aerial.

because the vertical dipole aerial was to be fastened
to it, and a steel tower would cause too many
losses. In connection with supporting lines and
feeders it was necessary to fasten the dipole aerial
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several metres away from the tower. This made it
necessary to build a platform on top of the tower,
as well as two arms which slant upwards and down-
wards respectively, and serve to hold the two
ends of the dipole aerial by means of an insulated
construction ( fig. 13). This fastening of the dipole
could not be done at a voltage node, because in
that case the free end of the rod would be too long
and the like.
Moreover, the voltage node does not fall in the

in connection with wind pressure
same place for both the wave lengths to be used.
The rods are thus held at a point where some
high-frequency voltage is present, so that proper
insulation became necessary. The rod is now held
between three supporting insulators which lie in a
horizontal plane. The insulators are mounted on
a heavy brass ring. The two rods are thus firmly
fixed and can be fairly easily connected with the
feeders which are brought up outside the tower,
go through the floor of the platform and then run
horizontally to the dipole aerial.

The length of the dipole aerial is chosen so that
for a wave length of 31.28 m each of the rods is
almost a quarter wave in length and therefore for
a wave length of 19.71 m each is about 3/, of a wave
in length.

Fig. 16. Scrubbing tower for the water cooling.
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The length of the dipole is not critical, if only
care is taken that half its length is not more than
half the length of the shortest wave to be used,
since otherwise opposing currents will be present

Fig. 17. The cooling water splashes against the wooden lattice-
work of the cooling tower.

in the aerial. Since the half dipoles used in the
P.C.J. transmitter are about 7.43 m long, they
form for the 19.71 m wave a set of two dipole
acrials one above the other, while for 31.28 m they
form a single dipole.

The aerial directed toward the Dutch East Indies
is for a wave length of 19.71 m and, as has already
been mentioned, is hung between the wooden tower

and a 60 m high guyed Mannesmann tube

( fig. 14).
The directional aerial itself consists of 24 vertical
ig. 15). The

half-wave aerials: three rows of eight (

Fig. 18. The cooling water runs through the tower in a finely-
divided state.

feeders connected with these aerials run mainly
horizontal and feed successively all the aerials
at voltage loops of the feeders. Apart from slight
losses in the feeder lines themselves, all the aerials

SHORT WAVE BROADCASTING STATION PCJ 25

are connected with points of equal potential, while
the equality of phase is also insured, independent
of mutual coupling of the aerials by radiation. The
influence of the insulators had previously been
studied and also of cross points in the aerial structure
on the potential along the horizontal feeders, and
it was found that the various lengths must be
carefully measured.

Cooling system

With an efficiency of 30 per cent in the triodes
of the type TA 20/250, and with an output of about
30 kW per valve, one must count on about 70 kW
anode dissipation per triode, and therefore the anode
cooling water must remove 140 kW. In addition there
is the anode dissipation of the four triodes type TA
12/20 000 K, and of the two triodes of the type
TA 10/5 000 K, and finally the heat developed by

Fig. 19. Third section and end stages for wave lengths of 19.71
and 31.28 m.

the water-cooled resistances, so that the total
energy to be removed by the cooling water can be
estimated at about 190 kW. A temperature of
about 18° C is suitable for the ingoing cooling
water. With this temperature there is no trouble
with condensation on the lines even in the summer,
while with about 240 litres/min for the two triodes
type TA 20/250 the temperature of the outgoing
water remains far below the highest permissible
temperature at which the formation of boiler-scale
and similar disturbing phenomena begin to appear.
It must be kept in mind, that the highest temper-
ature of the water in the cooling jacket is much
higher before the mixing; in the determination on
120 litres/min this is taken into account in the
manufacture of the jackets. The remaining smaller
water-cooled triodes, as well asthe water-cooled resist-
ances, require about 70 litres/min, so that one arri-
ves at a pump capacity of about 300 litres/min.
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In order to bring the water which has been
heated in the valves back to room temperature,
it is allowed to flow through a cooling tower

Fig. 20. Closer view of end stage for a wave length of 19.71 m.

(fig. 16). The cooling-water is pumped out of a con-
crete tank containing 44 cubic metres through the
cooling jackets of the triodes and returns again to
the tank. To prevent a continual rise in the temper-
pump

ature of the water in the tank, another

Fig. 21. The rectifiers D.C.G. 10/15 which feed the third section.
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raises the water which then falls on a lattice work
and is thus divided into drops ( figs. 17 and 18).
In this way an excellent adjustable cooling is ob-
tained. In such a simple system water of course
evaporates. This loss is supplied from a well which
gives iron- and calcium-free water.

Several photographs at the end of this article
give an impression of the third section, and of the
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Fig. 22. The rectifier installation for the 60 kW stages. |

two final stages for wave lengths of 19.71 and
31.28 m ( fig. 19). In fig. 20 may be seen details of
the stage for 19.71 m which is still in the experi-
mental state. In this figure the short water-cooled
Lecher system with sliding bridge may be seen,
as well as the triode TA 20/250, the series conden-
sers C;, C, and C; and the coupling M of fig. 12.
Fig. 21 shows the rectifiers D.C.G. 10/15 which
feed the third section, while fig. 22 shows the
rectifier installation for the 60 kW stage. The
rectifier valves D.C.G. 5/30 are not visible but are
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situated in the open metal boxes in the upper
part of the figure. Below each of these boxes
the filament current and starting transformer
for the diode above may be seen. On the
floox are
which form the filter, while in the background

standing the condensers and choke
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part of the high tension transformer is visible.
., In the case of the transmitter for 31.28 m which
has recently been put into service, use is. made of
a new kind of directional aerial, whose direction
can be varied. A description of this aerial must,
however, be given in a later article.

THE UNIVE.RSAL DECIMAL CLASSIFICATION *)

by L. C. J. TE BOEKHORST.

A librarian must be able to give. a reliable answer
when asked what literature is present on a given
‘subject. Besides the subject catalogue of the works
. present in the library, he refers to the different
reference indices and encounteis the difficulty that
they all make use of different systems of classifi-
cation. It is therefore not to be wondered at that
there has been for some time an effort to unify
the various systems of classification.

"In 1876 the American libravian Melvil Dewey?)
published, a classification of all sciences- according
to a decimal system. This system -was' revised
in Europe by the Institut International de "Bi-
bliographie in 1895, elaborated and introduced as

e “Classification Décimale Universelle”. It has
been more and more widely used in recent years,
and is continually being extended by the Inter-
national Committee for Universal. Classification
of the Institut International de Documentation
(I1.I.D.) which has its seat at the Hague.

Various shoxrt treatises 2) have been published by

the I.ID. itself or with its approval, besides the

complete editions which have already .appeared

or are still in the process of being published 3).
The decimal classification divides the whole

domain of human knowledge into 10 main classes,

each of the main classes into 10 other classes,

and each of these into not more than 10 sub-classes,

ete.

" The main classes are the following:

0. generalities, bibliography, documentation

*) Editor’s note. Since we have decided to give the articles
a decimal classification number from now on, it seemed
appropriate to give in this issue a short description of the
internationally accepted decimal classification system
which will be used.

‘1) Melvil Dewey: A classification and subject index for
cataloguing and arranging books and pamphlets of a

*library — 1876.

2) TUniversal decimal classification. Abridged Netherlands

edition —1934 — LLD. Publ. No. 194.

3) La classification décimale universelle. Edition compléte —
- 1927 - 1929 — L1D. Publ. No. 151.

O 000NV W N

philosophy, psychology

religion

social sciences

philology

pure sciences

applied sciences

art, games, sport

literature -

geography, hlstory“‘yblography
Main class 6 appl;ed smences, is dlwded as

follows: A '

60 general con31derat10ns ‘ o ‘

61 medical sciences T o

62 engineering . ;“-“ ' '

63 agriculture and dalrymg _

64 domestic economy, housekeeping

65 commerce, business organization, communi-
cations, transport organization, accountancy,
industrial organization

66 chemical technology

67 various industries and manufactures

68 wvarious trades, industries and professions

69 bluldmg construction

5

Class 62, engineering, is subdivided as follows:
620 general considerations
621  general mechamcs and electrical engmeermg
622 mining i ' :
623 military and naval engmeermg
624 civil engmeermg (general)
625 road and railroad engineering
626 * hydraulic engineering
627 engineering in natural waters: nvers, lakes sea
628 sanitary engineering
629 traffic engineering

~

"Class 621, general mechanics and electrical
engineering, is divided in the following way:
621.0 ' general mechanical theory - k
621.1 production and use of steam
621.2 utilization and distribution of water power
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621.3
621.4

electrical engineering

internal combustion engines and heat en-
gines other than steam

preumatic energy

621.5

621.6 Dblowing and pumping machinery

621.7 factories and workshops, foundries

621.8 transmission machinery

621.9 machme tools, hand tools and workshop

practice.

For highly specialized subjects numbers with
many figures are obtained in this way. For clarity
a decimal point is placed between every 3 figures.
As an example of the complete specification of a
subject the following may serve: ‘

5 pure sciences
53 " physics, mechanics
535 light, radiation, optics
- 535.3 reflection,  refraction, absorption,
emission
535.33 spectra, emission spectra’

535.338 form of spectra
535.338.3 line spectra
535.338.33 ° structure of line spectra

535.338.332 fine structure of line spectra

In practice the sub-division dogs not always go
as far as possible; the larger the number of publi-
cations present on a given subject, the farther the
sub-division.

Here and there in the system numbers are left
unused in order to be able to give a logical place
to a possible new subject. At the same time the
scheme also offers the possibility of further sub-
d1v1$1on whenever this proves necessary.

It will often happen that the contents of a pub-
lication cannot be represented by a single main
number. If a work treats of two independent sub-
jects, for example chemistry, class 53, and physics,
class 54, the two corresponding classification num-
bers are joined by the sign +: ‘

53 + 54 textbook of physics and chemistry.

In the case of a work on “material ‘testing in

iron and steel manufacture”, in which the two

different subjects: .

"620.1 material testing and

669.1 iron, steel

are joined, the two classification numbers are

combined by means of a colon: '

620.1 : 669.1 material testing in iron and steel
manufacture.

The following are examples of such combinations
of classification numbers. To characterize an article
on “a double current welding apparatus’ we obtain
the following index:

621.791.735 : 621.314, in which
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621.791.735

indicates a welding apparatus with
electric are, and
621.314 means conversion of electric current.

An article on “The clectron microscope as an

“aid in metallographlc investigation is dismembered

as follows: )

537.553.72  electron microscopy

621.385.833 electron optical tubes

669.016 metallography, and indicated by

537.533.72 : 621.385.833 : 669.016.

In addition to the main classes indicated by
one of the numbers from 0to 9 and their subdivisis-
ons already discussed, the decimal classification,
also has auxiliary classes which further define
the main concepts and are indicated by certain A
signs. There are special and general auxiliary
classes.

The special auxiliary numbers are used to
define more precisely the subjects of a whole group
in a particular sense. They may only be used in
this sense with that definite class. They are separated
from the preceding numbers by a point and always
begin with zero.

Special auxiliary numbers in class 621.3, electrical
engineering, are for instance: '

.027 kind of tension
.027.2 low tension
.029 kind of frequency
.029.5  high frequency
.029.58 short waves
With the following main class numbers from
class - 621.3: -
621.318.4 electric coils

621.396.11 propagation of radio waves in the
atmosphere and above the earth’s surface, we can
therefure make the following combinations:
621.318.4.029.5 ' high frequency coils
621.369.11.029.58 propagation of short radio
waves.

An article on “protection of overhead Iow tension
mains against overvoltage” may bLe given the fol-
lowing classification number:
621.316.1.027.1 : 621.316.9
* In this number 621.316.1 indicates distribution
mains and .027.2 low tension, while 621.316.9
represents protection.

An article on “the recording of rapidly occurring
electrical phenomena with the aid of cathode-ray
tube and camera” receives the following classifi-
cation number: 61.317.087 : 621.385.832 : 771.3,
in which 621.317 indicates electrical measuring
technique, and the auxiliary number .087 indicates
recording. The numbers 621.385.832 and 771.3
indicate rcspectlvely cathode-ray tube and camera.



" JANUARY 1938

The general auxiliary numbers may be used
with any main concept. The most important are
those for “form”, “place” and “point of view”.
~ Auxiliary numbers for form, represented by (0 ):
(021) handbooks '

(05)  periodicals

Combinations:
621.396 (021)
621.396 (05)

handbook of radio 'technique
radio periodical

Auxiliary nambers for place, represented by ( ): -

(492) The Netherlands

(73)  The United States
Combinations:
621.311 (492) electrical power stations in the
' Netherlands _
654.19 (73) radio broadcasting in the United
States
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Auxiliary numbers indicating point of view,
beginning with .00: ’
.001.5 scientific and technical research
.003.2 financial point of view
Combinations:

62.001.5 technical research
654.19.003.2 (492) the financial condition of the
the Netherlands radio broadcasting.

Auxiliary numbers are only used when the main
numbers do not indicate a concept sufficiently
clearly. -

In the arrangement of the single decimal classi-
fication, numbers, for instance in a catalogue, one
must imagine that from -each number a decimal
fraction is formed by setting a 0 in front of it.
The various numbers are then arranged according -
to the increasing values of these decimal fractions.

ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN

1224:
druckentladung in verschiedenen Metall-
démpfen (Physica 4, 747 - 751, Aug. 1937).

" The gradient in the high pressure discharge in
- cadmium and zinc vapour is measured in volts per
cm as a function of the tube diameter; the amount
of metal vapour per cm of arc and the energy con-
sumption per cm are also measured. These are
compared with earlier measurements on high
pressure mercury tubes. With the vapours of the
three metals named it is found possible to describe
the gradient by means of the same formula, in
which only the constants vary for the three vapours.
The relations between these constants for the dif-
ferent gases correspond to expectations.

1225: J.A.M.van Liempt und W. van Wijk:
Die Schnell-analyse des Edelgasgehaltes in
Stickstoff (Rec. Trav. chim. Pays Bas 56,
755 - 159, July 1937).

The method described in 1191 for the analysis
of mixtures of argon and nitrogen by absorption
of the latter in liquid lithium is further elaborated
for mixtures rich in nitrogen, so that at present
the content of rare gases in nitrogen can be
determined in 3 minutes.

W. Elenbaas: Der Gradient der Hoch- '

1226:- A. Bouwers: Les radiographies instan-
tanées. (Arch. ElL méd. 45, 89 - 93, Mar.-
Apr. 1937). ‘

This article begins with the setting up of the
socalled regularity condition (cf. 1124), according
to which the sharpest X-ray photographs are .
obtained when the kinematic lack of: sharpE b
ness, the screen lack of sharpness and the geome-
trical lack of sharpness are equal. Conclusions are
drawn {rom this for use in exposure technique, while
finally it is stated that apparatus with a condenser
which discharges itself over a self induction is
very suitable for instantaneous X-ray photographs.

1227*%: M. J. O. Strutt: Sound distribution over
. existing heavy current electrical mains.
(Gedenkb. Prof. Feldmann, Waltman,

Delft, 1937, pp 355 - 362). '

A system is developed with which four sound
programs can. be distributed over existing electric
mains from a central transmitter to all those con-
nected with the mains, by means of four carrier

*) An adequate number of reprints for the purpose of dis-
. tribution is not available of those publications marked with
an asterisk. Reprints of other publications may be obtained
on application to the Natuurkundig Laboratorium, N.V.
Philips’ Gloeilampenfabricken, Eindhoven (Holland),
Kastanjelaan. - - '
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waves of 20000, 30000, 40000 and 50 000 cycles
per sec. From measurements of the characteristics
of low voltage mains, high voltage mains, telephone
cables and special measuring arteries in this
frequency - range, the technical and economical
possibility of this distribution system has been
established. On the basis of these measurements
the necessary energy for given mains can be
calculated. The technical construction of the
system is described briefly.

1228: J. van der Mark: Television w1th the aid
of the iconoscope (Hand. 26e Ned. Natuur-
& Geneesk. Congr. 63 - 68, 1937).

For the contents of this lecture the reader is
referred to Philips techn. Rev. 1, 16 and 325 (1936).

1229: - C. Dorsman: Television with the aid the
Nipkow disc and multiplier (Hand. 26e
Ned. Natuur- & Geneesk Congres, 68 - 73,
1937).
For this lecture see Philips techn. Rev. 2, 72
(1937). '

1230: 'W. G. Burgers: The electron microscope in-

metallographicinvestigation (Hand.26e Ned.
Natuur- & Geneesk. Congr. 124 - 127, 1937).

The material discussed in this lecture is given in

detail in Philips techn. Rev. 1, 313 and 321 (1936). -

1231: Balth. van der Pol: Concerning an in-
finite number of coupled oscillation’ circuits
in connection with the problem of the cable
(Hand. 26e Ned. Natuur- en Geneesk.
Congr. 145 - 148, 1937).

It is explained how the transition can be made
from an infinite number of coupled oscillation cir-
cuits to a continuous cable; cf. the detailed article

_- in Philips techn. Rev. 1, 367 (1936).

1232: J. L. Snoek: Magnetic Investigation of
/ structure by means of patterns in iron
filings (Hand. 26e Ned. Natuur- & Geneesk.

Congr.” 157 - 159, 1937).

“ The patterns produced in iron filings are studied
in the case of anisotropic rolled nickel iron band for
pupin coils in which the elementary magnets in the
plane of the band lie perpendicular to the direction

of rolling. On the side surface where the magnetic '

field is perpendicular to the surface, figires appear
in the filings which upon commutation of the field
pass over into their complementary figures. On the

- surface of the band not only regular parallel stripes,

but also peculiar branches occur, which are dif-
ficult to reconcile with the hypothesis that the
n:on-ﬁlmgs patterns occur at the edges of the
elementary magnetic zones. .

1233: C. J. Dippel: A very sensitive quartz spi-
rdl spring balance (Hand. 26e Ned. Natuur-
& Geneesk. Congr. 167 - 169, 1937).

The apparatus described in Philips techn. Rev. 1,
126 (1936) is discussed in this lecture. It is possible
to weigh down to a microgram in a vacuum with
this apparatus.

1234: N. W. H. Addink: The relative positions
of emission and absorption bands in fluores-
cence (Hand. 26e Natuur- & Geneesk. Congr.
171 - 172, 1937).

In the case of the fluorescing dye rhodamine, the
lowest frequency absorbed is lower than the highest
frequency emitted, so that the absorption and
emission bands overlap. The absorption is found
to be independent of the state of excitation of
the rhodamine. The emission band is much extended
toward lower frequencies with an increase in the
temperature from —75°C to 4-20°C, while it changes
little at the higher frequency side. Such an in-

fluence of temperature cannot be explained by

means of the theory proposed in 1928 by Perrin
for fluorescence, but follows logically from a con-
sideration of potential curves.

1235: A. Bouwers: New possibilities for radio-
therapy (Hand. 26e Ned. Natuur- &
Geneesk. Congr. 251 - 257, 1937).

In this lecture given before the medical section
of the congress a survey was given of modern re-
search on the transmutation of atomic nuclei (cf
Philips techn. Rev. 2, 97, (1937)). The possibility
is discussed of the application of induced radio
activity in therapeutics. -

1236: .W.J. Oosterkamyp: The quality of X-ray
films (Ned. T. Geneesk. 81, 2805, June 1937)..

This article is a briefer edition of the article
reviewed in 1214.

1237: A. Bouwers: Die Schirfe des bewegten
.Rontgenbildes (Fortschr. Rontgenstr. 56,
148 - 149, July 1937).

Ordinary X-ray photographs are sharpest when

the geometrical lack of sharpness, kinematic lack

of sharpness and screen lack of sharpness are

equal, because their product determines the amount -

of light available. With the rapid successive ex-
posures used in cinemdtography, however this is
not so, since the energy supplied by the tube in-
creases more slowly than proportional to the width

~ of the focal spot. In taking X-ray films therefore

it is well to take the geometrical lack of sharpness
smaller than the kinematic and screen lack of
sharpness. The periods -of rest between the expo-
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sures may be taken about three times as long as
the time of exposure. When projection is used,
- 90 per cent of the light is lost even when very fast
- objectives are used so that ten times as much

light is needed. The total lack of sharpness therefore

. 3
becomes about twice (}/10) as great in the most
favourable case.

1238: J.van Niekerk: Anaphylaxis and Vitamin

- G (J. Allergy, 8, 446 - 449, July 1937).

The influence of vitamin C on anaphylactlc
sensibilisation and shock was studied in experi-
ments’ with Guinea-pigs. Horse serum was used
as an anaphylactogen, the sodium salt of 1-ascorbic
acid as vitamin C solution. It was found that an
avitaminosis C, a scorbutic condition, of the ex-
perimental animals had no influence on creating
an anaphylactic sensitivity or on the shock pheno-
mena caused by a second injection in sensitised
animals.

In the amounts used of 25 to 100 mg and ad-

" ministered in the manners described, vitamin C
has no protective action against the usually fatal
shock symptoms in consequence of the second

" injection. of the anaphylactogen. Addition of vi-
tamin C to horse serum does mnot hamper the
anaphylactogenic action of the latter.

1239: B. D. H. Tellegen and V. Cohen
Henriquez: Inverse Feedback (Wirel.
Eng. 14, 409 - 413, Aug. 1937).

- After an introduction giving the general charac-
teristics of inverse feedback (cf. Philips techn.
Rev. 2, 289, 1937), its application to amplifiers
for sound reproduction is discussed. A two-valve
amplifier is described which feeds a loudspeaker
and is provided with inverse feedback of the voltage
on the loudspeaker to the cathode of the first valve
with a dependence on frequency such that the
desired frequency characteristic is obtained.

Measurements of frequency characteristics and
distortion show the advantages of inverse feedback.

1240: * A. Bouwersund A. Kuntke: Ein Gene-
rator fiir drei Millionen Volt Gleichspannung
(Zs. techn. Phys. 18, 209 - 219, Aug. 1937).

A critical survey is given of the different methods
used for generating the very high voltages such as
~are necessary in nuclear physics (cf Philips techn.
Rev. 2, 97, 1937). The cascade generator is des-
‘cribed (cf Philips techn. Rev. 2, 161, 1937). The
pulsation of the voltage and the fall in voltage upon
loading are calculated. The high voltage is meas-
ured with the help of an oil-cooled. measuring
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resistance, through. which a maximum current of
1 mA flows. The high voltage is then read from a
static voltmeter which is connected with one
one-thousandth of this resistance. The high voltage
is regulated by means of the energizing field of the
alternating cwrrent generator. Experience with
1.6 MV direct voltage with respect to earth is
discussed, as well as measurements with a spark
gap between spheres 1 m in diameter, up to 1.3 MV
with respect to earth. It must be especially noted
that after long functioning the occurrence of a

flash-over across unexpectedly long distances seems

to be unavoidable.

D. M. Duinker: Siebkreise -fiir Gleich-
richter (Elektrotechn. u. Masch.-Bau 55,
381 - 388, Aug. 1937).

The filter used with a rectifier is for the purpose
of smoothing the pulsating direct voltage. In design-
ing the filters account must be taken of the highest
permissible currents which occur in the rectifigr

1241

valves upon switching in as well as in a condition

of 'steady output. It is moreover desirable to
obtain a direct voltage which depends as little as
possible on the load. From these facts the minimum
values may be deduced for the product and the

quotient of the self-inductance and the capacity,

from which values the value of the fuantities
themselves may be found.

In addition the influence is discussed of asym-"
metries on the pulsation of the direct voltage and
the considerations which hold in the determination
of the number of filter units.

1242*): W. Geiss: Der Einfluss der Spannungs-

schwankungen auf Glithlampen wund
Beleuchtung. (Bull. Schweiz. Elektro-
techn. Ver. 28, 225 - 226, May 1937).

In this lecture, given before the Schweizerische
Elektrotechnische Veiein, the consequences . are
discussed of the fact that the light flux and the
length of life of a filament depend to a'large degree
upon the voltage to which it is subjected. An in-
candescent electric lamp which, at 220 volts, has
a light flux of 125 decalumens and a guaranteed
life of. 1000 hours, will, at 231 volts give 150 deca-
lumens and burn only 500 hours, while at 209 volts
it gives only 100 decalumens and lasts for 2000
hours. If it is desired, on so-called 220 volt mains,
to guarantee an average of 220 volts even for
consumers at some distance, the average voltage
for a. user near a point of distribution may have
to be as high as 230 volts. For this consumer
lamps intended for 220 volts will of course prove -
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unsatisfactory. It seems -obvious that the lamps
should be constructed for the average voltage
over the whole mains; in this case, therefore, for
225 volts. Since the practice of voltage regulation
is not the same for all mains, it is desirable that the

conception of what is meant by 220 volt mains
should be standardized.

1243: M. J. O. Strutt: Characteristic contants

of H.F. pentodes. Measurements at fre-

quencies between 1.5 and 300 Mec/s (Wirel.
Eng. 14, 478 - 488, Sept. 1937).

The four fundamental constants:of short wave
valves are the input and output impedance, slope
and feed-back impedance; they are measured
by means of a resonance circuit and a diode

voltmeter in parallel with it. The manner in

which the diode voltmeter is calibrated to 300 )

*Mc/s, and the different measuring arrangements
are described. The input impedances up to 300 Mc/s
and the output and feed-back impedances up to
gO Me/s are given for the Philips valves AF 3 and
AF 7, the Mullard valves SP4B and VP4B and an
acorn pentode The theoretical derivation is given
of the fact that the reciprocal of the resistance and
the capacitance in the case of impedances measured
during action, must be functions of the square of
the frequency. This is also confirmed by experiment.

The causes of the decrease in these impedances

_at higher frequencies are briefly indicated. Finally
it is found to be possible to attain a more than
fivefold high-frequency amplification for waves
of 5 m with the valves AF3 and VP4B.

1244: Balth. van der Pol: Discontinuous
phenomena in radio communication (T.
Inst. el. Eng., London, 81, 381 - Sept.
1937).

In-‘thls lecture before the radio section of the
Institution of Electrical Engineers the advantages
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are pointed out, in the theoretical treatment of
various phenomena in radio, of making use of
discontinuous functions, such for example as the
unity function of Heaviside, which is zero for
all negative values of the indepéndent variable,
and at zero value of the independent variable jumps
to a value of unity, which it retains further for all
positive values of the independent variable. Non-
periodic phenomena can, as a matter of fact, only
be described in this way. A detailed treatment is
given of one-dimensional wave functions and two-
dimensional potential functions with, instead of the -
usual differential equations, difference equations,
which give a deeper insight into all kinds of con-
cepts such as divergence and rotation and hne
integrals.

1245%): W. .Uyterhqeven:Gas discharge - lamps
with ¢“low pressure” of gas. (Ned.-T.
Natuurk. 4, 199 - 216, Sept. 1937).

This lecture was given in the vacation course of
the Genootschap voor Verlichtingskunde in 1936, .
and begins with an explanation of the difference
between the mechanism which produces visible
radiation in a discharge in sodium and in a discharge
in mercury (cf. Philips techn. Rev. 1, 2 and 70,
1936). The various forms of discharge and the stab-
ilization of the discharge are then discussed.
Finally neon lamps, low pressure mercury lamps
and different types of sodium lamps are discussed.

1246: W. G. Burgers: Unmittelbare Beobach-
tung von Gefiigeumbildungen bei hohen®
Temperaturen mit Hilfe des Elektronen-
mikroskopes (Z. Metallk. 29, 250 - 251
Aug. 1937).

For the contents of this lecture before the second
international congress of the International Asso-
ciation for Testing Materials (London April 1937)
compare Philips techn. Rev. 1, 313 and 321 1936).
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LAMP MANUFACTURE AND VITAMINE RESEARCH

by A. VAN WIJK.

Introduction

If the human or animal diét is deficient in cértain
organi¢ substances the health of the human being
or animal will suffer. These generally quite coniplex
-substances are necessary only in extremely small
amounts and are called vitamines. Vitamines have
become familiar to the general public within a very
short time. Although the idea of malnutrition due
to their lack was introduced into the science of
health only a few decades ago, almiost everyone is
now acquainted with the terms vitaminosis and de-
ficiency diseases and realizes that the former are essen-
tialforpreventingthelatter.It will, however, probably
- be a surprise to many thatalamp factory may be con-
: cerned with vitamines, as the title of this article sug-
* gests. It is our intention to show how it came about
naturally that the Philips Laboratory began to work
on vitamines, and how this work resulted in investiga-
tions which led to deeper insight into the subject.

’

Ultravmlet radiation

The invisible ultraviolet rad_mtlon forms the direct
connection between the lamp factory and the subject
of vitamines. Since the beginning of the present
century ultraviolet radiation has been playing an
increasingly important part in medicine and biology.
It is not only true that a grcat many diseases can
be-cured by irradiation of the patient with ultra-
violet light, the significance ‘of this radiation for

health is even greater, since a certain minimum:

dosage of ultraviolet light may be regarded as
essential for the maintenance of good health. The
sun is the natural source. of this light. Ultraviolet
radiation is thus a nécessity of life, and when this
necessity is not supplied deficiency phenomena
appear. Various diseases, including infectious dis-

In this article it is shown how in the Philips Laboratory the problem of formu]atmg the
requirements to be met with ‘sources of ultraviolet radiation in view of their appli-
cation has led to research on vitamines, and partlcularly to new ideas about v1tamme D.

cases, are particularly apt to occur after a contined
lack of ultraviolet light, for example toward the

.end of winter, when the sun gives little or no active

ultraviolet radiation. Certain diseases are called
“diseases of the dark”, because they occur or are
promoted by habits of living or circumstances in
which too little light — and in this connection
especially ultraviolet light — is received. Among
these are rickets, scrofula and tuberculosis.

Since the natural source of the necessary ultra-
violet radiation, the sun, has been found to fall -
short, particularly in the winter and in our climate,
use has been made of artifigial, sources of radiation
to supply the deficiency. In th& QI3 mce this was
done in purely therapeutic cases, but as the
realization of the necessity of ultraviolet radiation
for the healthy individual gained ground, such
sources began to be employed for protection against
disease, as a prophylactic or, one might say,
as a measure of hygiene. It will be clear that this
presents . a problem to the lamp factory labo-
ratory. What are the requirements which a lamp
must satisfy in order to replace the sun when used
as a hygienic measure? What must be the nature
of the radiation emitted and how intense must it
be? It must be kept in mind that ultraviolet
radiation is a collective term for all the radiation
with a wave length between 400 and about

' 185 my (shorter wave lengths also, although they

may be excluded immediately, since they do not
penetrate through the atmosphere). The ultraviolet
radiation from the sun is confined to the longer
length
occurring in the sun’s spectrum depends upon the
part of the earth’s surface and the season of the

wave lengths, and.the shortest wave

- 535.61-31 : 621.327.31 : 612.392.01 -
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year. It is, however, never below about 290 my.
It is therefore certain that a source of .radiation
which must substitute the sun need give no radiation
~with a wave length less than 290 my.. Itis, however,
another question whether it is permissible for it
1o do so; in other words whether there would
be disadvantages if it did. Further there is the
‘question whether it is actually necessary that
‘radiation with a wave length in the meighbour-
hood of 290 myp be present, or whether it is suf-
ficient to have only longer waves ?

Direct observation can supply answers to the
above questions only imperfectly and incompletely.
Since ‘we are here concerned with the prophylactic
action on persons in good health, the wide deviations
existing among such persons necessitate a statisti-
cal treatment so extensive that is ralely possible
to be carried out: o

One general conclusion can, however, be accepted
" with, confidence, and . that is that practically all
the beneficial action of every source of radiation

is lost if the radiation is filtered through ordinary -

glass. Whereas ordinary glass transmits a large part
of the radiation with a wave length greater than
about 320 my., but absorbs .shorter wave lengths
toa la;ge extent, the effectiveness of ultraviolet light

“thus appears to be chiefly confined to the radiation’

having a wave length shorter than about 320 my. A
 further reaching conclusion may be arrived at by
closer study of asingle definite effect of the ultraviolet
light, an effect which is distinguished from most of its
other effects by the fact that the mechanism has
to a large ‘extent been clarified, and therefore lends
itself to the study of specific questions.

Rickets (rachitis) and ultraviolet radiation

- The above-mentioned effect is the prevention
. and cure of rickets. This is a disease of the growing
skeleton, and there fore a children’s disease, the
main féature of which is that the newly formed
bone tissue does not calcify but remains soft.

As a result deformities may appear as bowlegs
and knock knees, too narrow a pelvis or chest,
curvature of the spine, etc.

On the basis of the research of Mc Collum
and others, rickets was known to be a deficiency
disease caused by the lack of a certain vitamine
which should be present in cod liver oil and was called
vitamine D. Only a few natural foods contain
vitamine D iri amounts of any importance. This
fact explams the widespread occurrence of . the
disease in children, when no preventive measures
are taken. Huldschinsky now observed that
‘rachitic children could be cured by irradiation with
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a quartz mercury lamp (“sunlight lamp treatment”)
just as well as they were cured by administration
of a substance containing vitamine D. The further
study of this very interesting dualism in the cure
of rickets was greatly simplified by the fact
that experiments could be carried out on animals,
in this case young rats, which can be rendered
rachitic by means of an experimental diet of a
definite composition. It soon appeared that animals
which received this diet, but which were at the
same time irradiated with ultraviolet light, devel-
oped no rickets. This was also the case, when a
sufficient amount of a substance containing
vitamine D was added to their diet. Vitamine D
and ultraviolet light appeared therefore to be
equivalent, although at first the connection be-
tween them was not evident. The explanation
was found after Steenbock and Hess discovered
that ultraviolet light had the same effect when,
instead of the animals themselves, their-food was
irradiated. This irradiation gave the food  the
properties of.a substance containing vitamine D,
that is, vitamine D was formed in the food under
the influence of ultraviolet light from so_nie com-
ponent which was originally inactive. In a remark-
ably short time further facts were established about
thi§ component which was indicated by the name
provitamine D. '

Prov1tamme D

In the beginning the prov1tam1ne D was, thought
to be identical with cholesterol (Hess). Cholesterol
is a very common component of animal fats: When
separated from the other components, and after
having been irradiated with ultraviolet light, it was .
acttially found to exhibit the action of vitamine D.
At the same time Hess and Weinstock were.
able to show that irradiation caused a physically
observable’ change in cholesterol: an absorption
band in the ultraviolet at about 300 my gradually

" disappeared.

" Various other sterols and cholesterol de_nvatlves

" were investigated by Rosenheim and Webster

with a view .to their poss1ble activation. They
found that- irradiated ergostercl is very active. -
compared with irradiated cholesterol. .

In addition they ascertained that ngorously
purified cholesterol had lost its activatability, so that ~
it was not the cholesterol itself, but an impurity '

which must be considered to be the provitamine.

This conclusion was also reached by Pohl apd
Windaus, who studied the change in the absorption
of cholesterol upon irradiation more quantitatively.,
Cholesterol purified in a certain way, and no longer
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capable of being activated, also failed to show the
characteristic absorption bands between about 270
and 300 my.

On the basis of the sen51t1v1ty of provitamine D
to certain chemical ‘treatments (bromination and
de-bromination, oxiddtion) it was considered pos-
sible that ergosterol, occurring as an impurity in
natural cholesterol, was the provitamine. Ergosterol
was. actually found. to give -the characteristic
absorption bands which are - also' shown by the
cholesterol, when mnot spemally purified and still
capable of being activated. The ergosterol, however,
_exhibited much more intense absorption: about
0.5 mg of ergosterol gave an absorption of the same
- order of magmtude as 1 gram of cholesterol dissolved
in an equal amount of solvent, and with the same
. thickness of layer. When it was then found that
after irradiation the 0.5 mg ergosterol was also
equivalent to 1 gram of cholesterol for the cure
- of rachitic rats, the conclusion seemed to be obvious.
There was, however, a fault in the logic which
" remained unnoticed for many years. Tt had indeed
been  proved that ergosterol receives antirachitic
* properties by irradiation with ultraviolet light, and

further, that in this case no impurity of the ergosterol

must be considered responsible, a fact which we
_shall not discuss in this article. Exrgosterol therefore
may with truth be called provitamine D. From this,
however, it by no means follows that the impurity
of cholesterol with provitamine D properties is
actually ergosterol. It was only shown that the
provitamine D in cholesterol has a similar absorption
spectrum to that of ergosterol, and in the same way
as ‘ergosterol is sensitive to certain- chemlcal
treatments. '

Although the conclusion seemed very seductive

and plausible, and although it was accepted for

nearly 10 years explicitly or implicitly by science,
it has been found to be incorrect. It has been

found that ergosterc;l is not the only provitamine D,
and, especially, that it is not the provitamine which
“occurs in cholesterol. This fact in no way detracts
. from the value of ergosterol as provitamine D
or from that of the vitamine D obtained from
it as a preventive against rickets in children or
rats or pigs, nor from most of the scientific research
on the photochemistry of vitamine D formation.
It would lead us too far afield if we were to explain
precisely how one was gradually brought to this

conclusion. It will suffice here to state that the credit .

of being the first to formulate this fact is due to
.~ Waddell, on the basis of a series of very fine
. experiments on chicks, in which it was found that
the effect of a definite amount of irradiated
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cholesterol was much greater on these animals
than that of an amount of irradiated ergosterol

which was equivalent to the cholesterol in the case

of rachitic rats 1.

In order to demonstrate the great similarity

between the absorption spectra of the provitamine
in cholesterol and of ergosterol, table I and fig. 1
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Fig. 1. Comparison of the absorption indices of provitamine
in cholesterol (cross-hatched) and of ergosterol (b]ack) for
various mercury lines. .

show one-of our measurements on these spectra.
In the table below is given the absorption index
for various wave lengths of a solution of cholesterol

containing the provitamine which had been

repeatédly purified by recrystallization (cghl + pr)-

This absorption index ais defined by I/I, = e — acd,
where I, and I are the intensities of the incident
and transmitted radiation respectively with a thick-
ness of layer d (in mm) and a concentration ¢ (as
unit of concentration 80 gfliter was used) By
repeated irradiation, "treatment with ‘absorption
charcoal and repeated recrystallization, cholesterol
containing no provitamine is obtained (acht;l)- The
difference between the absorption indices before and
after the treatment gives the absorption index
of the provitamine (ap;) multiplied by its un-

known concentration in the cholesterol (cpr)- A
comparison of the value obtained with the absorp-

tion index of ergosterol (aerg) gives a ratio which
is very mnearly independent of the wave length. If

1) The vitamine D obtained from an impurity of cholesterol
and that obtained from ergosterol are therefore different
substances, both of which show antirachitic activity. If
one compares quantities of the two ‘substances which
“.have the same antirachitic action on rats, the first sub-

.stance has a much stronger action on chicks than the °

. other. At the end of this article the experiments on chicks

are discussed as well: as the difference between the . two .

_kinds of vitamine D(cf. page 38).

e e e e w
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we assume not only that the form of the provitamine
spectrum is similar to that of the ergosterol spectrum,
but also that the absolute magnitude of the ahsorp-
tion is the same, the constant ratio indicates the
concentration of the provitamine in the cholesterol.

Table I. Comparison of the absorption spectra of provitamine
in cholesterol and of ergosterol.

Aehol + pr a c
71111- Uchol 4 pr at.:hol — Uehol = acr‘g "= P;crg B
= apr . cpr ‘
296.7 0.233 |- 0.019 0.214 232 0.00092
289.4 0.286 0.022 -| 0.264 278.5 0.00094
280.4 0.536 0.028 0.508 530.5 0.00095
02753 0.559 0.028 0.431 441.5 0.00097
269.9 0.525 '0.050 0.475 499 0.00095
265.2 0.438 0.089 0.349 370.5 |- 0.00094
253.7 { 0.370 0.065 0.205 212 0.00096

Photochemistry of vitamine D formation ; connection
with the requirements for sources of ultraviolet light

After this digression on provitamine D, let us
return to the point in the argument where we stated
that rickets can be prevented (or cured) on the
one hand by irradiation of the test animals, and
on the other hand by irradiation of their food.
The link between these two statements lies in the fact
that the skin (of human beings as well as of rats,
pigs or chicks) contains cholesterol which, because
" of its content of provitamine D, can be rendered
antirachitic in action. The vitamine D so formed

can be taken up by the body from the skin, just -

as it can be taken from the food. In this way is
explained the apparent dualism of rachitis — a de-

ficiency disease due to lack of vitamine D, avita-

_ minosis or hypovitaminosis on the one hand, and
“on the other hand a “disease of the dark”. At
the same time this is a case (the only one up to
now) of the action of ultraviolet'light on the human
(and animal) organism in which the primary process
taking place in the skin is known, and permits of
closer study in the laboratory As far as measures
agamst rickets are concerned, therefore, the question
as to the most favourable composition of the light
of a “hygienic” ultraviolet light source comes down
to the question of the best composition for the
radiation in the - photochemical formation of
vitamine D from provitamine D. o

"In our investigations of this question ) we found
2) E."H. Reerink and A. van Wijk, Proc. Kon. Acad.
» Wet. 32, 845, 1929; Bioch .J. 23, 1294, 1929; Bioch. J. 25,

1001, 1931 Chemlstry at the Centenary (1931) Meeting

" Brit. Ass E. H. -Reerink, A. van Wijk and J.
v. Niekerk, Chem. Whl. 29, 645 1932.
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that the composition of the radiation is by no means
unimportant. These investigations were carried out
in the first place on the provitamine ergosterol, and
were later repeated as far as necessary on other
provitamines D. The results are the same with the
different provitamines D, a fact which was to be
expected on the grounds of the similarity of their -
absorption spectra in the ultraviolet region.” On
the one hand the absorption spectrum determines
the radiation which can be absorbed and theréforg
which can be active, and on the other hand the
nature of the atomic bonds in the molecule, and
thus the possible transitions due to the absorption
of radlatlon, are expressed in the absorptmn spec-

" trum.

For the study of the transformations taking place
extensive use was made of the observation of the
changes occurring in the absorption spectrum. For
the purpose of irradiation the provitamine was dis-
solved in a suitable inactive solvent with a high
transparency in the ultraviolet (especially purified
hexane, ether”or alcohol). It was found necessary
to remove all oxygen before irradiation, also that
dissolved in the solvent, as otherwise oxidized and
inactive reaction products were obtained (for the
technique and that of the 'determination of the
absorption spectra the reader is referred to the
publications mentioned in the footnote). After
haﬁng, been irradiated for some time a part of"
the provitamine will be changed into one or more
reaction products which " in turn may be liable
to further change. :

"If the absorption spectrum of such a solution
is measured, it represents in general the spec-
trum of a mixture of substances. One of .these
is known, namely the provitamine. The amount
of provitamine in the mixture which has not been -
changed can be determined with the aid of digi-

. tonine. (Digitonine gives with the provitaminé an

addition product insoluble in alcohol, while it does
not withthe reaction products). By subtracting
from the absorption found for the mixture the part
due to the provitamine still unattacked, the absorp-
tion of the mixture of the reaction products is
obtained. For each case this can be recalculated to
give that which would be found for any arbitrarily
chosen concentration, that is the specific absorptlon
of the reaction mixture. The result of measurement
and calculation now depends closely upon the
composition of the radiation wused for bringing -
about the reaction. It was found possible to di-
stinguish between two typlcal kinds of active radia-
tion mixtures, namely:

a) that in which only radiation w1th a wave length
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greater than about 280 my. acts; this will hence-
forth be called “long wave” radiation, 7
b) that in which only radiation with a wave length

of about 250 mp. acts, which we will call “short -

wave” radiation. = _

'The mixture mdlcated under a) was obtained by
ﬁltermg the radiation of a quartz mercury lamp
(mercury vapour pressure of the order of 1 atmo-
sphere 3)) through a solution of benzene or xylene
in alcohol, which absorbs the radiation of wave
lengths shorter than about 272 and ‘284 m(J.
respectively. -

“For the “short wave”
of a low pressure column discharge in mercury

radiation use was made

- vapour, which emits almost exclusively the two °

resonance lines of mercury. By filtering the radiation

“through an-absorption cell filled with chlorine gas .

the active radiation was practically limited to the
resonance line with a- wave length of 253.7 my.

It was now found that with “long wave” irradia-
tion the reaction proceeds quite s1mply, at least
as long as the transformation is not carried too far:
the specific absorption ag of the reaction mixture
in the latter case then no longer depends upon the
degree of decomposition (cf. table II).
words the reaction may be described as if primarily
only one reaction product is formed, which is then
_changed in its turn only after long continued
irradiation. Or a mixture of reaction products may

Table II. Absorption spectra of “long wave’ irradiated er-
gosterol solutions at different degrees of decomposition.

4
Degree of transformation

10.4 % 23.5 9 31.4 9

A IR, .

m erg long Ceale, acxp. Aegle, - exp. Aeale. acr‘;p.
B wave]

313.0| 07 25| 3| 2 6| 6 8| 10
302.2| 27 | 87| 33 | 31 | 41 | 41 | 45| 47

206.7(232 | 172 | 226 | 222 | 218 | 217 | 213 | 215
289.41278 | 264 | 277 | 274 | 275 | 274 | 274 | 275
280.41530 | 395 517 | 515 | 499 [ 494 | 488 | 489
275.3 441 | 418 | 439 | 438 | 436 | 433 | 435 | 436
269.91499 | 452 | 494 | 495 | 488 | 484 | 484 | 485
265.2 370 | 4425 387 | 377 | 384 [ 387 | 393 | 389
253.7|212 | 3715} 228 | 227 | 249 | 252 [ 261 | 272
2483|144 | 336§ 165 | 165 | 189 | 193 | 205 | 215,

THe columns - and agp longwave give respectively the absorp-
tion indices of ergosterol and of the reactionproduct obtained
by longwave irradiation (both a mean of a great number of
measurements). The following columns give the agreement
between the absorption values obtained in a definite set of

measurements and the calculated values according , to

e = (1 —a) Torg + @ QR ongwaver Where a is the degree
Of the decompésition. : :

3) For the spectrum compare Philips techn Rev. 2 18, 1937
spectrum of the Philips “Biosol”.

In other .
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be formed whose amounts are in a constant ratio

to each other independent of the degree of decompo- A
sition (when the reaction has not proceeded too
far), that is to say that it is more probable that
the products are formed simultaneously than that

, they are formed successively one from the other.

The simple process described holds approximately

-up to a degree of decomposmon of the order of

60 per cent. : ’
The primary reaction product of the “long wave”

irradiation could be separated from the unattacked

ergosterol by carrying out the necessary operations
in a vacuum (precipitation of the ergosterol with -
digitonine, recrystallization). The crystalline sub-
Stance obtained possessed an antirachitic activity

_of an intensity which had up to then never been -

found namely 26.9 x 103 I.U.D. (International
Units Vitamine D) per milligram %). Since it was
later found possible by chemical methods (esterisa-
tion with 3.5 dinitrobenzoic acid, recrystallization
and saponification) to obtain a crystalline substance’
from the irradiation product of ergosterol, which
was called calciferol, and which had a still higher
activity (about 40 X 102 L.U.D. per mg), and
must be considered to be pure vitamine D from
ergosterol, it follows that the crystalline reaction
product obtained directly by “long wave’ irradiation
was not yet pure vitamine D, although its content
of the latter was very high.

‘The reaction with “short wave” irradiation
proceeds in quite a different way. The spec1ﬁc
absorption of the reaction mixture depends closely,
even when the change is still small, on the de-
gree of transformation, the spectra found differ
widely from those of the “long wave” product and
the antirachitic activity is much lower. For the
purpose of comparison in table III and fig. 2 the
spectrum’is given of the reaction product obtained
after 30 per cent transformation with “short wave”
radiation. The activity per mg was in this experiment
about11.5 x 103 I1.U.D./mg. The content of vitamine
D is therefore much lower than after “long wave”
irradiation. This indicates that a large part of the
provitamine has heen changed into other products
than vitamine D. In other words the “short wave”
radiation is unfavourable for the formation of
vitamine D.

As to the question of the most favourable
composition of the radiation for a lamp of hygienic

1) By international agreement the effect tested on rats of a

definite amount of an arbitrary but well defined prepa-
ration, prepared in the laboratory of thé “Medical Research
Council” is accepted as a unit. The following may serve
to give an idea of this unit. A dosage of about 800 L.U.D.
per day is considered suitable for prevention of rickets
in nursing children,
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value, it follows from the foregoing that ab-
sence of “short wave” radiation which does not
occur in the sun’s spectrum is to be desired, since
irradiated

Table III. Absorption spectrum of a “short wave”

ergosterol solution at a degree of decomposition of 309%,. -

2 . a . aR short
wav

my. exp. 309, ¢
313.0 C 22 72
302.2 73 180
296.7 2635 - 337
289.4. 333 460
280.4 5545 610
275.3 486 589 .
269.9 530 602 - <
265.2 412 538
253.7 264 385 !
248.3 199 323

“the prevention of rickets is one of the chief demands
made on such a lamp. On the basis of the absorption
spectrum of ergostérol (or of another provitamine D)
it again follows that only radiation with a wave length
less than about 310 my can be effective, since only
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Fig. 2. Absorption index of the reaction product after irra-
diation of ergosterol as a function of the wave length. L ir-
radiation with “long wave” light. The absorption index is
independent of the degree of decomposition. K irradiation
with “short wave” light. The curve reproduced refers to a
" degree of decomposmon of 30%.

3100

such radiation is absorbed. These considerations
have led to the introduction of a special kind of

glass, which transmits in the ultraviolet down to’

about 280 inp., but which absorbs. the “short wave”

region, as a container for the lamps which must

_ serve to replace the sun (cf. Philips techn. Rev. 2,
-18, 1937, filter for “Biosol”).
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Yitamine D and chi(;ks

Rickets is very prevalent among chicks "which
do not recelvo sufficient sunhght This is the case

witha large palt of the chicks as those are often raised

entirely indoors in incubators. Provision must then
be made for sufficient addition of vitamine D to
their food or for ultraviolet irradiation of the birds
themselves. In general an unexpectedly high dosage
of vitamine D obtained by irradiation of ergosterol
is necessary for the prophylaxis (or therapy) of
rickets in chicks. If for example one of two similar
groups of chicks is given a certain amount of
“npatural” vitamine D which is just sufficient, and
the other is given an amount of vitamine: D from
ergosterol which is equivalent. to the first when .
tested on rats, it is found that the action of the
latter amount is not sufficient for the chicks. About
25 times as much must be given to obtain the same re-
sult, If one now compares in the same way irradiated
cholesterol and vitamine D from a natural sdurce,
amounts which have equivalent effects on rats are
found to be equally effective in the case of chicks
(Waddell). We have already given the explanation
of this: the provitamine D in cholesterol is not
ergosterol. In connection with the great importance
of the prevention of rickets in chicks, and in order
to remove all’doubt about the correctness of the
above conclusion, it seemed essential to us to

. attempt to actually separate the provitamine from

cholesterol and to study the properties of the pure
substance. All the cholesterols described in the
literature contain only extremely slight traces of
the provitamine (deduced from the absorption
spectrum and the activatability) of the order
of 0.1 per cent. Since it did not seem promising
to begin with such poor sources of provitamine,
we first examined cholesterols from the most varied
sources spectro-photometrically for their provitamine
content. We ﬁnally found a raw material, Chinese
duck egg yolk, _which contained a cholesterol which
was sufﬁc1ently rich in provitamine to promise
success in its separation. This cholesterol contained
about 4 per cent provitamine’). As a matter of
course it had still to be ascertained by comparative
chick and rat experiments whether this very unusual
cholesterol afteg: irradiation still had the. same
favourable properties as the more ordinary kind.
This was found to be the case.

A method was worked out for-the separation
in which use was made of fractional adsorption and
desorption on aluminium oxide.'The solution followed

5) Boer, Reennk van lek van Nlekerk Proc. Kon.
Acad Wet. 39, 622 1936.
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by largé quantities of the solvent was filtered through

" a thick layer of aluminium oxide. The outstrea-

ming liquid was continuously examined by means

Table IV. Comparison of the absorption spectra of ergosterol
: ' and provitamine from cholesterol.

T:'IJ- acrg aprovit. . a7'dg;?;g‘i:;h°"
313.0 0.7 2 0.7
302.2 27 27 2
- 302.2 27 224 218
289.4 2780 278 268
280.4 5300 521 - 504¢
275.3 4410 438 4240
269.9 499 495 473
265.2 3700 367 3549
253.7 212 204 202
248.3 1449 1400 139

of absorption measurements, and on the basis of
these measurements fractions rich in provitamine
and fractions poor in provitamine were separated.
Before the cholesterol was subjected to this treat-
ment it was first esterised, with acetic acid for
instance. After repeated application of this process
to the fraction rich in provitamine a very high
concentration was finally obtained. By recristallisa-
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. tion until the properties were constant (absorption

spectrum, optical rotation, melting point) the rpure'
acetate of the provitamine was obtained. After
saponification and recrystallisation the provitamine

. itself was obtained and was actually found to differ

from ergosterol. It could be identified as 7-dehydro-

" cholesterol. T'able IV shows the great similarity in

the absorption spectra of ergosterol and the pro-
vitamine from cholesterol. The _provitamine sepa-
rated from cholesterol as well as the synthetically
prepared 7-dehydrocholesterol, exhibit after irradi-
ation the expected high activity with respect to
rickets 'in chicks, with which fact the chain of
evidence seems to us to be complete. :
For practical uses ¢) finally other animal sterols,
that from the mussel for' example, were found to
be much more convenient because of their high
content of provitamine, which can be activated to

“chicken active’ vitamine D.

%) The above-described vitamine D preparations for use
by human beings as well as for animals are marketed
by the N.V. Philigs-van: Houten company under the
general name of “Dohyfral”. : .
The preparation for animals consists of a solution of the -
“chicken active”..vitamine D in oil.- The preparations for
human consumption are in the form of chocolate tablets
which are supplied with “ergosterol vitamine D as well
as with the “chicken active” vitamine D (“Neo-Dohyfral’).
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PROPERTIES AND API;LICATIONS OF ENAMELLED WIRE.

by J. HOEKSTRA.

Enamel lacquer is an excellent insulation material for copper wires because of its high -
breakdown potential, its high electrical resistance, its slight absorption of water, its unusual
thinness and its good mechanical and chemical properties. In this article details are given
about these properties of enamel lacquered wire. ’

Introduction

In electrical engineéring the term “enamelled wire”
(more accurately “enamel lacquered wire’”) means
metal wire which is insulated by a thin layer of hard
baked lacquer. The name often leads to misunder-
standing by laymen, who usually think of the
glasslike enamel of pots and pans.

" The first insulated conductors were made by
Faraday when he carried out his pioneer experi-
ments on electromagnetism. According to his diary
of 1831 he used “twine and calico”. Textiles are
thus the oldest form of insulation for wires, and
they are still employed on a large scale. Later
Weérner Siemens used gutta:percha und rubber,
which have undoubtedly much higher insulation
resistance, but which must be applied in much
thicker layers. It is for this reason that insulation
materials to be applied in the plastic state, such as
rubber, gutta percha.and various similar synthetic
products of recent years, have no great practical
significance for coils and windings. Cotton insul-
ation is also relatively thick, so that the appreciably
more expensive silk was often used. The idea, which
originated in America around 1900, of applying
a thin layer of a lacquer or varnish directly to the
copper also was attractive from the point of view
of expense. o : '

The idea also was worked out in Germany about
1905. The first task was that of finding a lacquer

~ which was resistant to.the chemical influences ac-
ting during impregnation and use of the wire, and
which in addition was elastic and strong enough for
the purpose. Difficulties were encountered at the
beginning in satisfying these chemical requirements,
since black enamelled wire in particular is made
with lacquers having an asphalt base which is not
resistant to oil.

In 1906 it was stated ') that in Germany copper

wire was being made with a coating of cellulose
acetate and also of an enamel lacquer. This wire
was at“first intended for the coils of measuring
instruments, etc. but was later available for small
machines and transformers.

The early cellulose acetate coatings have almost

1) Electrotechn. Z. 27; 16, 1906. .

2

entirely gone out of use. The lacquers with an

asphalt base (for black enamelled wire) have

become much less important: all black enamelled

wire is not however made with. an asphalt base

lacquer. Modern enamelled wiré is made with the

help of oil lacquers. These lacquers comsist of
mixtures of resins and drying oils (for example

wood  oil and linseed oil, usually a large proportion

of the former in order to produce quick drying,

chemically resistant lacquers). Kienle
Adams?) give as an example the following

composition: 60.5% wood oil, 18.39, raw linseed

oil and 21.29, resin neutralized with lime; these
components are heated together 11/, hours at

270°C, then cooled to 160 ° C and mixed with 10 9,
benzine and 90%, solvent naphtha. It is therefore a

very “oily” lacquer, and the oils are already par-

tially polymerized by heating. Of course every manu-

facturer of enamelled wire uses his own lacquer,

the composition of which is usually not published.
Artificial resins are also often used in these
lacquers. | .

In the manufacture of enamelled wire a small
amount of such a lacquer is applied to the surface
of a bare copper wire. This may be done by drawing
the wire vertically out of a lacquer container. The
wire is then passed through an oven in which the
lacquer. is “baked”. In this process, the polymeri-

and

‘'sation of the drying oils, which has already begun

during the heating of the lacquer, is continued by
the oxygen of the air. A strong, cohesive, insoluble
layer is the result. )

The resins provide for greater hardness of the
coating, the (highly polymerized) oil content is

responsible for the great elasticity. There is as yet

no absolute certainty about structure of thé poly-
merized oils. The properties of the polymer indicate
a rubberlike structure, that is a network of quite
large molecules are joined to each other at relatively
few points. In oil lacquers this structure gives a
practically insoluble whole, a fact which indicates
very strong, probably chemical honds at the few
points of contact of the large molecules. The pres-

%) R. H. Kienle and L. V. Ada‘ms, Ind. Eng. Chem. 21,

1279, 1929,

. 621.315.617.4
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ence of the “rubber structure”, however, includes
the posibility of thé swelling of the polymer in
liquids whose molecules have the tendency to pene-
trate between those of the polymer. It may in
general be said that great elasticity is very often
accompanied by a tendency to swell in suitable
liquids. This ‘tendency is very slight with enamel
lacquer, but is not entirely absent. Particularly
in the case of an insufficiently baked lacquer coating
is it noticeable (for instance in the presence of melted
beeswax and also benzine at room temperature),
it is at a minimum with a normally baked lacquer
coating.

The application of fluid lacquer and the subse-
quent baking are repeated a number of times
. (sometimes 6 or even as many as 30 times), until
the desired thickness of insulation has been reached.

This is done by leading the wire as it comes out of °

the oven back to the lacquer container and so on.

The application of enamelled wire has become pro-

glesswely more important in the last few decades.
Not only thin and very thin wire (up to 25 microns
core diameter; 40 micron wire is used to a large
extent at present for high tension transformers)
but also the thick kinds (for instance 3 mm core
diameter) are at present employed everywhere
for transformers, motors, coils, low current cables
and connections (telephone installations). The
product has at present almost a monopoly in the

radio industry (transformers, coils, so-called stranded .

or “litz” wire), in other branches (motors, power

transformers) it is steadily gaining ground. The

‘reasons for this increasing apphcahon are the fol-

lowing: .

a) The enamel coating has a very high breakdown
potential.

b) It has a very high electrical resistance and the
dielectric losses are not high.

¢) The enamel is an unusually waternght material.

d) The insulation layer is unusually thin.

~¢) The mechanical properties of the coating satisfy
rather high requirements.

f) = The enamel coating is very resistant chemwally

We shall examine these characteristics one at
a time in order to build up as complete a picture
as possible of the final product.

a) Breakdown potential

The breakdown potential of the enamel layer
itself may be said to be very high: namely of the
order of 10¢ volts/cm for layers from 5 to 20 mi-
" crons thick. ‘

‘The breakdown potential of the insulated wire
exhibits quite wide variation; the reason for this

ENAMELLED WIRE = o : ne

is that the condition of the metal surface exerls
a tremendous influence on breakdown. This phe-
nomenon, which is theoretically perhaps not en-
tirely unexpected with such thin insulating layers,
results in the fact that the condition of the bare
wire is actually at least as important as that of the
insulating layer. ‘

The high breakdown potential of the material
is not completely manifested in the finished product
because of this influence of the metal surface.
Nevertheless the breakdown potentials attained,
compared with the thickness of the insulation,
are still very high, as may be seen from the table
below, in which several of ‘the standard specifica- .
tions of various countries are noted.

Breakdown potentials (in volts eff), minimum requirements
according to the standard specifications of different countries
for enamelled wire of various dlameters and with an alter-
nating voltage of 50 ¢fs.

Standard Standard Specifications

Diamt}ter tl;;c];ﬁ:isle(;f T . :
of wire | coating : ]éIN C31-{ €87 1135565
(approx) m:;;' France | U.S.A. | Engl.

mm microns (1936)
0.1 6 350 | 150 | 200 | 200
0.5 16 500 400 700 1000
0.1 22 150 '550 800 1200

* The breakdown potentlal of the various standard
specifications are not entirely comparable because
the methods of determination differ rather widely.
The American and English specifications determine
the breakdown of two enamelled wires against
each other, the others of one wire against polished
metal. Division by two of this “double breakdown”
in order to obtain a figure comparable with the
other requirement is not permissible, because of
the fact that the breakdown found as an average
with enamelled wires with different thicknesses of
insulation is far from proportional to the thickness

" of the insulation. This latter fact is again explained

by the above-mentioned influence of the metal
surface. '

Wire with twice the standard thickness of coating
exhibits about three times the normal breakdown-
potentlal 8). ‘

- Fig. 1 Whlch reproduces the result of a large
number of determinations of breakdown (DIN
method) on two different lots of enamelled wire of
the same kjnd, gives an idea of the relatively wide

%) By the term breakdown value is meant the voltage which
is withstood by 809% of the samples tested, in agreement
with the German standard specifications.
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variation which occurs as.a rule in the deter-
.mination of this property of enamelled wire. The
small difference in the average thickness of the
enamel layer found in samples which broke down

O,
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Fig. 1. Statistics of the breakdown potentials measured on
two spools of different manufacture (about 60 measurements
per spool). The wire was enamelled wire of 0.4 mm core
diameter. The thickness of a single layer of lacquer was
about 13 p. ] .

The method was that of the DIN: the wire was wound a
bare polished cylinder of 30 mm diameter, and one end was
weighted with 50 grams. A sinusoidal alternating voltage of
50 c/s was then applied between the copper wire and the
cylinder, and gradually increased from 0 to the breakdown
potential. E g was measured. The breakdown values found

were then divided into groups in such a way, that each group
begins with a voltage 1.4 times as great as the initial voltage
of the previous group. The percentage of the total number
of measurements in each group is plotted.

N

at widely different potentials, illustrates the fact
stated above, that the thickness of the layer of

lacquer is by no means the only factor which-

determines breakdown. .
A comparison of the breakdown value of enamel-
led wire with that of ordinary kinds of wire insulated
with textiles is of little value, considering the fact
that the textile insulation of these wires, when
tested in the unimpregnated condition, has a
breakdown potential which is lower than that of
the layer of air situated between the textile fibres.
The spark travels along the fibres; a breakdown of
the insulation material does not take place. This
is also shown by the fact that the same breakdown
potential may be measured repeatedly at a single
point. For example, a wire of 1/, mm core diameter
double covered with cotton (thickness of insulation
120 p) has a breakdown potential of about 350
volts against a polished cylinder. If a textile wound
coil is impregnated, the breakdown potential is
somewhat higher, but is entirely dependent on the
quality of the impregnation. o

b) Insulation resisiance and dielectric losses -

_ The enamel layer jtself has a 'very high resistance.
‘With1000volts direct voltage on a meter of enamelled

-
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wire of 1/, mm diameter, immersed in mercury,
a resistance of 10'2 ohms is found if the enamel layer
has no faults. With standard enamel wire, however,
several faults per 10 m are permissible. Such faults
are not usually “bare places” while the English
expression “pinholes™ is also incorrect, but they
are spots with an unusually low breakdown po-
tential. If there is such a spot on the wire immersed
in mercury, breakdown occurs far below 1000 volts.
Another kind of fault which may influence the in-
sulation resistance under certain circumstances is
demonstrated by immersion of the wire in water :
in this case several otherwise entirely invisible
faults are found to exist where the insulation resist-
ance is lower. This holds however only for standard
enamelled wire; with extra thick (so-called double-
enamelled wire) these faults are practically non-
existent. This latter fact, even more than the
higher hreakdown potential, explains the reason
for the increasing demand for extra insulated wire.
The “faults” in the insulation described here are of
absolutely no importance in the employment of
the wire for ordinary coils and transformers because
of the fact that with the small number of per-
missible faults it practically never occurs that two
of them lie next to each other. There is a possibility
that the faults might be of importance in special
applications such as for unimpregnated coils to be
used in a moist environment or very low power
connections (telephony). In such a case it is better
to make sure by using wire with an extra thick
enamel layer. _

The dielectric loss angle §, measured at radio
frequency, is small (tan § = 0.015), and keeps
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Fig, 2. Dielectric losses (tan §) measured at 200 m wave length
between two insulated wires with 0.5 mm core diameter, which
were twisted together with a pitch of 2.6 cm, as a function
of the relative humidity of the surrounding atmosphere. The
wires were kept in this atmosphere until the losses had become
constant and they were not removed from it for taking the
measurements,

enamelled wires
wires wound twice with silk,
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the .same value after long continued storage of the
wire in a humidity chamber or moist room. If it is
measured while the wire is in an atmosphere of

definite relative humidity, the loss angle of enamelled

wire is found in practice to increase slightly with
the moisture content of the air. Fig. 2 gives a clear
picture of the very favourable behaviour of this

2

material compared with silk. Double silk covered’

wires and enamelled wires, both with 1, mm
cores, were twisted together for th1s purpose with

'a pitch of 2.6 cm.

The insulation resistance and the dlelectrlc losses
are of particular importance when the wire is to be
used for cables and for the wiring of apparatus.

" The application is of great and mcreasmg impor-

tance, particularly in telephony For wiring,
enamelled tinned wire is usually used, since tinned
wire is more easily soldered.

The dielectric constant is about 3. 2, a relatively

. low value. This is an advantage for the purpose

of telephony.

c¢) Resistance to water

Enamel laquer is an electrical insulation material
with an extremely small attraction for water.
Because of this characteristic its electrical charac-
teristics remain practically unchanged in very
moist surroundings. The insulation value given
above of more than 10*2 ohms may also be measured
in water after 48 hours immersion. For wiring
in moist surroundings or in a tropical climate
enamelled wire is therefore the most suitable.
Coils and motors wound with enamelled wire are
found to suffer much less from moisture than when
wire insulated with textiles and the like is used.

It might be thought that the same resistance
to water and moisture could be obtained by soaking
paper or textile insulation.in impregnating lacquer,
that is, also in an oil lacquer, and then baking the
whole. This impregnation gives reasonably satisfac-
tory results, but the watertightness of enamel lacquer
is not even approached. As an ekample of this
we give the following results of measurements on
bifilarly wound coils of 300 double turns with
0.35 mm diameter core, wound on a central core
of 3 X 3 cm.

Resistance at

Insulation

459, rel. humidity | 609 rel. humidity

Enamel lacquer 2 X 10 ohms 2 X 101 ohms
Cotton, well 107 ohms 5 X 105 ohms
impregnated
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In the first place the smaller resistance to moisture
of the impregnated insulation may be ascribed to
the textile or paper fibres which pass straight
through the layer of impregnating materials and
take up considerable water. In the second place
to the fact that baking in this case is carried out
at about 100 ° C compared with 300-400 ° C in the
case of enamelled wire. In the third place the ab-
sorption of water depends also upon the kind of
oil in the impregnating lacquer. It is much less for
example with wood oil than with linseed oil.

As an example of the second and third points,
the table below gives the absorption of water by
films of linseed oil and wood oil ‘after 21 days
immersion in water¢) compared with that of a

film of enamel lacquer kept for 21 days in an

atmosphere saturated with water vapour.

Absorption of water by

Linseed oil Wood oil ;?.namel
. acquer
Dried at Dried at Dried at | - Baked at’
room temp. 70°C room temp. 300-400°C
150%, - 30% < 459% 1Y,%

In judging these figures it must be kept in mind
that the thin films here investigated generally
have a higher absorption of water ‘than thick or
massive pieces of the same material. Hartshorn,
Megson and Rushton 5) thus found with a film
of artificial resin 0.165 mm thick an absorption of
water of 3 per cent, while a film 0.675 mm under
the same conditions only absorbed 1.94 per cent.

In spite of the slight permeability to water of
the enamel layer. it is often of importance to im-
pregnate coils which are intended for use in moist

surroundings. The purpose of this operation is

then, in addition to obtaining a mechanically
strong unit, to prevent the penetration of macro-

_scopic amounts of moisture into the coil.

d) Thickness of insulation, “space” factor.

The unusually thin insulation of enamelled wire
oﬁ'ers great advantages to the electrical engineer.
The “space factor”, that is the percentage of the
cross section of a wound coil occupied by copper,
is at present an important quantlty for the con-
structor, now that every effort is being made to

4) W. Rinse and W. H. G. Wiebols, Verfkroniek, 10,
231, 250, 1937. Ind. Eng. Chem. 29, 1149, 1937.

5) L. HartshornN. J. L. Megson and E. Rushton,
Chem. Ind. 56, . 266, 1937.
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" construct electrical apparatus as small as possible.

The space factor is of course dependent on the
method of winding, and with completely regular
mutual contact of the wires reaches a maximum,
which depends then only on the -thickness of the
insulation. The wusual (and in most countries
standardized) thicknesses of the commonest wire
insulations are given below for wires with core
diameters of 1 and 0.3 mm respectively. .
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Fig. 4 shows a few pieces of standard enamelled

wire which have been laid across each other on an
anvil and then struck with a hammer. The result
gives the impression that the lacquer coating is
considerably stronger than the copper beneath it.
If, however, the same lacquer films are made on
thin copper foil, and the copper is then dissolved
in such a way that the enamel lacquer film is not
damaged, the stretch of these films by themselves

75

~s—— Thickness of insulating layer

in microns

Fig. 3. Thickness of the insulation of ordinary wires for winding.
E

enamelled.

2E
potential).

N
N
NN

thick enamel layer (twice the normal breakdown

enamelled and then wound once with silk.
bare copper wound twice with silk.
enamelled, wound once with cotton.

bare copper wire, wound twice with cotton.

((In upper nght figure) thickness of a single layer of insulation in microns).

e) Mechanical properties of the enamel layer

The mechanical properties of lacquer baked at a
high temperature form an interesting subject
by themselves. If a piece of enamelled wire is
stretched until it breaks, that is, often more than
30 per cent, it is found, except sometimes with
very thick layers, that the layer of lacquer is quite
undamaged, and that even after this test of strength
it can scarcely be removgd with the finger-nail.

Most of the wires also easily stand being wound
about a mandrel equal in diameter to the wire.
In this test the enamel layer is stretched 50 per cent
on the outer side. It must, however, be noted that
an enamelled wire, which has been wound around a
mandrel of such a diameter that the lacquer
coating only just remains intact, runs the chance
of developing cracks in the coating when the wire

is heated in the shape of-a spiral (as is dome °

in impregnation). The “critical” mandrel has a
diameter 1 to 3 times that of the wire, depending
on the material of the wire and the thickness of core
and insulation:

is found to be considerably less than that of enamel
layers on copper wire. Several stress-strain diagrams
determined with a special dynamometer on such
membranes are reproduced in fig. 5. The mem-

- branes which have a stretch of 19 per cent are

decidedly soft (“un-cured”), those with 3.5 per cent
stretch correspond to the layers which, on copper
have a stretch of 50 per cent.

A v v et

o e e

Fig. 4. Several pieces of standard enamelled wire laid across
each other on an anvil and then struck with a hammer.
The enamel layer shows no injury. .



FEBRUARY 1938

There is therefore no possible doubt that the bond
between the lacquer and the copper beneath it is

very strong, and that this bond makes possible -

the great stretch of the layer of lacquer. This also

25184

- 80

0 2 4 6 & 10 12 14 16 18 2%

Fig. 5. Stress-strain diagrams of membranes of baked wire
enamel. The membranes were baked on copper foil in four
. steps. each time a given thickness of layer of fluid lacquer was
applied and baked a given number of seconds at the same tem-
perature. The copper was dissolved electrolytically. The strips
of lacquer film were 5 mm wide and 20 to 30 y. thick. Pieces
5 cm long were stretched about 2.5 mm/min. Upper curve;
hard baked, lower curve: soft baked.

explains why thicker kinds of wire, which have
- thicker lacquer coatings will withstand less me-
- chanical deformation than thin wires; the great
elasticity in the thicker layers can no longer be
transferred to the metal via the bond to the same
degree as is the case with thinner layers of lacquer
on thinner wires. Wire 2.5 mm thick, for example,
with a lacquer coating of 30 microns will not with-
stand being wound around a mandrel of 1ts own
thickness, although the lacquer is in general softer,
(less well baked) than with wire of 0.2 mm.

The above-mentioned enamelled - tinned wire

has less favourable mechanical properties with
respect to its insulation (mandrel test) than
ordinary enamelled wire. The adhesion of the
enamel lacquer to tin is much less strong than to
bare copper. '

f) Chemical properties of the enamel layer

The chemical qualities of the insulating layer,
which are important to the electrical engineer,
are chiefly stability against aging, sensitivity to
" temperature, resistance even at high temperature
to impregnating substances (paraffin, waxes,
asphalts, oil lacquers and other insulating lacquers),
" to moisture and oils (chiefly transformer and lu-
bricating oil). The requirements of resistance to
concentrated alkali and acid solutions, which is
still often made, is actually of little importance.
The resistance of the enamel to alkalies and es-
pecially to acids is high, and can be increased quite
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easily, although at the expense of the mechanical '
properties.

The stability of enamelled wire is found to be
very high providing the enamel layer has been -
correctly baked through. In the case of clearly
under-baked wire it has sometimes been found
after years that the enamel coating had lost some
of its elasticity. In the case of standard enamelled
wire we have not been able to discover any changes

_in the course of years.

The sensitivity to high temperatures is
slight when the heating is not of long duration.’
This is obvious considering the high temperature
to which the product is exposed during manuafac-
ture. No anxiety need be felt for injury to the
enamel layer as a consequence of the drying and
impregnating of coils at temperatures up to 150 ° C.
On the contrary, the heating of enamelled wire
from 6 to 24 hours in air at temperatures up to
120 ° C- causes a slight further ‘hardening of the
enamel layer, which is to -be desired for many
purposes, and is in fact deliberately brought about
by many manufacturers of electrotechnical prod-
ucts.

In the long run the enamel layer has a resistance

‘to high temperature which is as good as, or better

than, that of textiles.
The resistance ‘to 1mpregnat1n g materials
and lacquers is extremely satisfactory in the

" case of good modern enamelled wiré. Less favourable
- experiences, which will occasionally be met with'in

the literature of the last few years, may be ascribed
to the fact that the most suitable raw materials
were not used for the enamel lacquer.

The so-called finishing lacquer, insulating lacquers
which are used cold and only applied to the outside
of coils, usually soften the enamel layer tempo-
rarily. This is no disadvantage, but serves to bring
about a strong adhesion between the dried layer of
insulating lacquer. The constructor must of course
take this temporary softening into account. :

Of the impregnating materials which are applied

-without solvent (and therefore in a molten state),

especially those which contain higher esters
have some action on the exnamel layer at a high

temperature.

Good enamel however, may be allowed to
remain in molten beeswax for 15 minates or longer
at 150 °C, after which, upon cooling, no depreciation

.of the enamel can be discovered.

The conducting core

~Now that we have studied several characteristics
of the layer of enamel lacquer, we shall consider
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briefly the conducting core of the enamelled wire.
Very much the largest proportion of enamelled

wire is electrolytic copper wire. This copper, which

has to be very pure to give the highest

. conductivity required for electrical purposes, has

an annealing temperature below 200°C. The
annealing temperature of a cold worked metal is

~ closely dependent on the degree of deformation;

the cold deformation is very great in wire-drawing,

considering that this process is at present always

carried out as a continuous operation on drawing

"machines with 10 or more dies, each of which gives

the wire an elongation of from 20 to 30 per cent.
The low annealing temperature, which: results
in enamelled copper being always soft, is due to
this cause.
The tensile strength and elongatlon attained
are approximately as follows:

Diameter of wire | Tensile strength %
mm . kg/mm? Stretch
1 23—27 30—40 -
0.05 27—30 20—26

This annealing of the copper during enanelling
is an advantage, in the first place since hard

(springy) wire cannot be used for winding coils,’

and moreover the conductivity of annealed copper
is 3 to 4 per cent higher than of copper in the hard
state.

With very thin wire, however,the teusile strength
of annealed copper is very low for its use in coils.
In this case other metals and alloys may be used,

.a_lthm'lgh the choice is very much limited by the

requirement that the conductivity of the metal
chosen may not be very much less than that of
copper. Three metals which satisfy’ this require-

 ment are copper-cadmium (which is also used for

overhead high tension lines), silver and copper-
silver. The high price of the raw materials silver
and copper silver is not all important in this case

because of the fairly high cost of working this

extremely fine wire. Copper-silver is very strong,

"but has among other disadvantages a tendency

to be corroded by moisture. Copper-silver and silver

have little or no stretch in the hard state. They

have not reached the annealing point at enamelling
temperature. If the material is annealed at a high

temperature ' before enamelling, the advantage of
great strength disappears. The absence of stretch is

a disadvantage in the use of copper-silver wire on
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winding machines, since the wire breaks at the
slightest irregularity in the winding.

- The table below. gives a comparison of the
properties of thin wire with various core materials.

Diameter » :
. of the Fﬂ;ﬁift Stretch S};:?Slﬁc
Core - core
’ N o " ohms
microns | gram % - mm?/m
Copper ‘ 40 36 15—23 | 0.0175
Copper-cadmium ’
0.6% 40 56 5—16 | 0.0183
Silver . 40 70 2—3 0.019
Copper-silver 40 138 1—2 0.022

A special use of thin enamelled copper wire is
in the manufacture of insulated stranded wires
for high frequency purposes. ‘

These wires, which are divided into a large
number of thin units in parallel and insulated from
each other, are used especially where solid wires
would give too much eddy current loss. Because,
of the fact that very thin wires, sometimes less
than 100 p in diameter, are used, it is clear that
a good space factor can only be attained with the
use of enamel as insulator. '

Various requirements are made in the braiding
of these wire, because for example care must be
taken that the same wires do not keep, to the out-
side of the strand over the whole length or a large
part of the length. The method of braiding is
otherwise mnoticely dependent on the purpose for
which the wire is intended. Stranded wires are
manufactured in great variety, from very thin for

- winding small coils, to very heavy interlaced braids

with many hundreds of wires for carrying large
currents, for instance in transmitter mstallatlons

(fig- 6)-

Fig. 6. Heavy stranded wire consisting of 12 bundles braided
together. Each bundle is covered with silk and consists of
90 enamelled wires of 0.07 mm core diameter.
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In this brief review of enamelled wire in its
various forms, the practical applications of the
material have not been exhausted. We have
confined ourselves to the cases where the enamel
forms the only insulation of the wire. Enamelled
wire is also employed in combination with the

AN
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spinning or braiding of paper, cotton, silk or ar-
tificial silk about the wire, impregnated or other-
wise, or subsequently covered with a layer of lacquer
(usually of cellulose derivatives). The discussion
of these kinds of wire, however, is outside the
scope of this article. '

" THE COLOUR REPRODUCTION OF INCANDESCENT LAMPS AND
“PHILIPHANE GLASS™ '

by P. J. BOUMA.

“Philiphane” or “Neophane” glass is a glass which has an absorption band in the yellow
region of the spectrum. By using this glass as an envelope for the bulb of an electric
lamp, meost of the colours, and particularly the blue, are reproduced with greater
saturation. The loss of light flux is only slight.

Introduction

As has already been explained in a previous
article ) the estimation of the quality of colour
reproduction of a source of light depends very
much upon the purpose for which it is desired to
use that source of light. ‘

In some cases it is a question of obtaining light
which shall resemble daylight as closely as possible.

This ideal may be approached by providing the .

electric lamp with a blue bulb which makes the
spectral distribution of the light more nearly like
daylight. Good results may also be obtained with
gas discharge tubes in which the line spectrum of
a gas is complemented by the continuous spectrum
of fluorescent substances.

In many cases however there is no desire at all
' to imitate daylight, and the requirement is made
that the surroundings shall have a pleasant, cosy
appearance, that persons shall have a healthy
appearance, that certain articles appear fresh and
tasteful, etc. We shall concern ourselves here with
" the question of whether electric light can also be
improved in this respect by the introduction of a
coloured envelope.

What absorption curves must be considered ?

It is clear that large portions of the spectrum
must not be weakened to any extent by the bulb.
This would cause too great a decrease in the effi-
ciency. Only an improvement of the colour which
can be attained with a relatively slight loss of light
is to be considered. '

The only possibility thus consists of the absorption

1) Philips techn. Rev. 2, 1, 1937,

of one or more relatively small regions of the spec-
trum. What colours may be consulered in this
connection ? '

In general, absorption of a given colour is
accompanied by the following two objections:

1) An object which reflects almost exclusively
this colour appears too dark.

2) Objects which exhibit the colour under con-
sideration in a less saturated form appear still
less saturated.

The first objection holds particulary for the
colours at the extremitics of the spectrum, thus
for red and blue. Very saturated red, for example,
can only occur when a material reflects practically
exclusively red and orange. The same is true of blue.

For yellow, however, the situation is different.
Highly saturated yellow occurs in nature as a rule,
not because only a narrow region of the spectrum
is reflected, but because red and green as well as
yellow are fairly well reflected, and only blue and
violet are absorbed to a large extent. Such a
phenomenon appears in the case of the yellow
“Selectiva” light used for automobile and bicycle
lamps. In this case a very saturated yellow colour
is obtained by the ahsorption of the blue and violet
only. Strong absorption of the yellow therefore will
cause only a relatively slight decrease in brightness
of saturated yellows. '

The second objection also holds particularly at
the extremities of the spectrum: the blue, which

. is reproduced in electric light in a much less

saturated form than in daylight, may certainly
not be made still duller. The saturation of the red

~

535.62 : 621.326.78 : 666.24
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may also not be decreased too much, since otherwise
the reproduction of skin colour would be made
worse. ,

For the reasons mentioned above the second
objection is also of much less importance in the
case of yellow. Moreover the sensitivity of the eye
for the observation of differences in saturation is
lowest in the yellow 2). It is therefore obvious that
the influence exerted by absorption of part of the
yellow on the reproduction of colour deserves further
study. - ‘

~ The influence of ~“Philiphane”- (“Neophane®) glass
Absorption of part of the yellow can be attained

- by surrounding the lamp with a bulb of the so-called

“Philiphane” (“Neophane™) glass. The influence of
this glass was studied by comparing an incandescent

lamp with an ordinary opal glass bulb to one sus-

~ pended in a bulb of “Philiphane” glass, according
to_the method described elsewhere in this period-
icall). {The main feature of this method is that
a large number of differently coloured cards are
lighted partially with one and partially with the
other source of light. Fig. llgives the result of the

A o
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Fig. 1. Comparison of the colourreproduction by anincandescent
lamp with and without a bulb of “Philiphane” glass. The
arrows indicate the direction of colour change when the lamp
is enclosed in a “Philiphane” bulb. The rectangles represent
the colour cards of Ostwald’s colour atlas. The saturated
colours lie toward the outside, the least saturated in the
middle. . -
’ : region of poor correspondence
: region of moderate correspondence
: region of good correspondence
: region of perfect correspondence.
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comparison; the arrows indicate the direction in
which the “Philiphane” glass causes the colours
to be displaced. ' . )

For the sake of comparison fig. 2 shows how thé

2) D. Judd, J. Opt. Soc. Amer. 25, 24, 1935,
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incandescent lamps shift the colours as compared with
daylight. In the first place it will be noted that the
differences in fig. 1 are in general relatively small.

ST L)
ST T
S

reses
J

Fig. 2. Comparison of the colour reproduction by an electric
lamp and by daylight. The arrows indicate how the colours
are shifted upon transition to electric light.

Only with some very unsaturated colours, especially
with orange, is the shift so large that we must speak
of a totally different colour (region 3).

- We must therefore pay particular attention to the
direction of the displacements occurring at such
points. As was to be expected the arrows point

"in general away from the saturated yellow.

The majority of the colours have become more
saturated, a change which is to be desired especially
at relatively low levels of illumination. In particular
the blue, which upon changing from daylight toincan-
descent light has become considerably less saturated
(fig. 2) is again reproduced in a more saturated form.

The orange is shifted toward the red: the shift in
the direction yellow to red is in general experienced
as an increased “warmth” of that colour. This
shift also gives a more healthy appearance to the
complexion.” :

The green, which upon transition from daylightto -
incandescent light had become a somewhat dubious
yellow-green, goes back to green again under the
influence of “Philiphane” glass.

Finally we note that white and the very unsatura-
ted colours are shifted in the direction of blue-violet.
This may certainly not be considered an advantage;
since however the change is not very great (less than
1/, of the difference between incandescent light and
daylight), and moreover since it lies almost in the
same direction as the shift on transition from day-
light to incandescent light, it is not very disturbing.
" The results found may be summarized as follows.

The use of “Philiphane” glass has the advantage
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of reproducing most colours in a more saturated
form and of making the orange-yellow warmer.
Various disadvantagesintheuse of incandescentlight,
such as the faded appearance of blue and the shift

of green toward yellow-green, are partially over- .

come. The most important advantages of electric
light such as the high saturation of orangé and of the
colours in its neighbourhood, the greater intensity

" of red, etc. are retained.

. In those cases where the first COlldlthn of the
illumination is the creation of a pleasant, cosy
sphere in which many warm colours occur and in
which we ourselves appedr especially well, “Phili-
phane” glass is actually able to give 2 better re-
production of colourthan ordmarymcandescent light.
This is especially true in the case of its use in hotels
* and restaurants, for illumination of c_ertaln show
windows such as those of provision shops and
florists etc. ' . o

. A special warning must be given against con-
sidering the use of “Philiphane® ‘glass a"é an attempt
to imitate daylight. For this purpose- qulte other
methods must be used. g

The improvement in colour is"of cofrse accom-

panied by an inevitable loss in light ihtensity. In
the case of “Philiphane” glass this loss is about
20 percent. If it is desired to increasé the colour
- effect by the use. of thicker or more deeply coloured
glass, the loss of light will also increase.

~ We must add a few words about the ratio of the
brightness of the colours w1th and w1thout “Phili-
phane” glass.

For several of the colour cards with fairly sa-

turated colours used in the above described com-
_parison the point is determined in the colour
triangle upon illumination with each’ of the two
kinds of light, under the simplified assumption that
Neophane glass absorbs completely the radiation
from 570—600 my. The shifts were entirely in the

directions already found in fig. 1. From the same -

INCANDESCENT LAMPS AND ,,PHILIPHANE GLASS” . , 4~9V

calculation we found the coefficients of reflection
for both cases. These are tabulated in. table I.

Table L.

Coefficient of reflection
No. Colour

ordinary “Philiphane”

Ideal white 100 100

nc 25 red 36 32
nc 17 orange 40 34"
nec 4 yellow 57 55
ne 83 green - |- 23 - 258
nec 58 blue 17 - 19
nc 42 violet 17 17
nec 33 purple 31 29

We see that no very great differences appear.
There can therefore be no question of the “dis-
appearance” of any colours, It is true that the
differences can become somewhat greater with very
saturated colours, but on the other hand “Phili-
phane” glass always continues to transmit a part of
the yellow. In this respect therefore we need not
fear unpleasant surprises.

Finally we note that “Philiphane® glass may have
other practical applications besides its use in enve-
lopes for electric lamps. The advantages offered
by the use of this glass-can be of two sorts:

1) The glass offers the possibility of removing an

unpleasant excess of yellow from a mixture of
several kinds of light. Especially in combination
‘with mercury lamps such cases may occur. -

2) As may be seen immediately from fig. 1, “Phili-

* phane” glass displaces the red and green in
opposite directions, so that the difference be-
tween these colours becomes more pronounced.
The wuse of spectacles of “Philiphane” glass
by persons with a poor sense of colour might
be able to make easier the distinction of
‘coloured traffic signals.
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Af’PLICATIONS OF CATHODE RAY TUBES 1

by H. VAN SUCHTELEN.

An early use of cathode ray tubes was in the
study of alternating electric potentials. In com-
parison with mechanical oscillographs, such as the
loop oscillograph, the cathode ray tube has the ad-
vantage that the beam of ‘electrons has practically
no inertia, and that therefore very high frequencies
and phenomena of very short duration can bemade
visible.
nication immediately seized upon the cathode ray
tube as a welcome instrument. of investigation.
" Due to the presence of two sets of deflection plates
the beam of electrons can be deflected in two
mutually perpendicular directions; this offers the
possibility of examining the behaviour of a voltage
as a function of the time in a very simple way, or
of examining the relation between two voltages. In
the first case the set of plates for horizontal deflec-
tion obhtains its voltage from a “linear time-base”,
that is, a potential which increases linearly with
the time for the whole period, and then falls back
to its initial value again. In the second case one
of the two voltages is applied to each set of deflec-
tion plates. If for instance the two alternating
voltages are sinusoidal with an integral ratio be-
tween their frequencies, so-called LlssaJous
figures result.

The voltage necessary to obtain good deflection
of the beam is about 20 to 60 volts, the load on ‘the
source of potential is then nearly zero, since a
capacity of a few ppF only is present as loading
impedance between the deflection plates. It is
obvious that this will sometimes be an important
advantage, especially in working: with high fre-
quencies.

One very good feature of the newer cathode ray
tubes is the fact that the fluorescence image on the
screen is sufficiently brilliant to be obsexrved in fairly
light surroundings, thanks to its great brilliancy, so

The rising technique of radio commu-

that photography is unnecessary unless it is desired .

to record- a particular result. The direct obser-
vation of the fluorescence image is obviously of
great advantage, since, as in the investigation of
particular circuits, the result of changes in the cir-
cuit may be seen immediately on the screen of the
cathode ray tube.’ :

The technical development of cathode ray os-

_cillographs has taken these possibilities into con--

sideration. In addition to large permanent set-ups
of oscillographs with complete photographic equip-
ment, more and more small portable equipments

have recently come into use. In these smaller sets
the cathode ray tube with its power supply, amplifier
and time-base generator and synchroniser is built as
a compact unit 1), so that it becomes very simple to
transport the oscillograph to the place where the phe-
nomenon to be invéstigated is taking place. This is one
of the factors which haveled to the more general use
of the cathode ray tube as a measuring instrument in
the jnvestigation of innumerable phenomena. In
a series of short articles we shall discuss some
of the applications. The articles will be illustrated
by photographs of the oscillograms 2) which may be
observed on the screen of the cathode ray tube.

Oscillograms of power mains

The most obvious oscillograms of alternating
currents or voltages are the ‘curves recorded for
The oscillograms of figs. 1 and
2 offer little that is new to the electrical engineer.
Upon careful consideration it will be seen that the
curve of fig. 1 is slightly more angular than that
of fig. 2. Such- differences may be of influence on
the calibration. of voltmeters or wattmeters. Al-
though the two curves in this case were obtained
from two different mains, the same mains can also
give different curves according to the nature of the
load. It is sometimes important to know whether
or not a given load on the mains, added to the
circuit at a point far from the power station, will
cause a distortion of the voltage curve, and to
know the extent of such deformation. In such cases
a convenient portable oscillograph offers great
practical advantages. A rapid demonstration on
the spot in the form of an oscillogram can ob-
viate long discussions.

Although upon comparison of fig. 1 and 2 the
latter appears the least deformed, it is not permis-
sible to conclude immediately that the latter
source of voltage will in every case give less de-
parture from normal behaviour. If the voltage to be
investigated is not connected directly but through a
simple RC circuit (fig. 3) with the cathode ray
oscillograph, the main. frequency may be very
much suppressed with respect to harmonics of

power mains. -

1) Such an apparatus was described fully-in Philips techn.
Rev. 1, 147, 1936. The cathode ray tube of the type
DG 9-3 with a screen diameter of 9 cm is used. The following
oscillograms were recorded with this apparatus.

2) The photographic recording of oscillograms is usually
very simple. The photographs in this article were made
with a very simple box camera and an extra lens; time of
exposure about 1/, sec. -

621.317.755 : 621.385.882
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much higher order. Afterwards these harmonics
which have been filtered out may be amplified
until they give a clearly visible amplitude on the

cathode ray tube. In this way a new oscillogram

24836

24837

Fig. 1 and 2. Oscillograms of the voltage of two different
50 cycle power mains. The first mains voltage appears to
have slightly more deformation.

(fig. 4) is obtained with the voltage of fig. 2. In
fig. 4 fine indentations may clearly be seen which
indicate a frequency very much higher than the
50 cycles of the mains. Such a ripple, which may
be caused by the slots in the rotor of the alternating
current generator, was found to present difficulties
in the initial development of radio valves heated
with alternating current. An oscillogram like that
in fig. 4 gives a decisive answer to the question as
to the cause of the interference tone heard. At the
same time it may be concluded from the evidence
which the oscillogram presents that the inter-
ferences, due to their high frequency, could be
suppressed by connecting a fairly simple filter into
the mains circuit. This was actually found to be
the case.

o IC! o $
b

24843

Fig. 3. A simple filter is connected between the mains and the
deflection plates of the cathode ray tube in order to decrease
the intensity of the fundamental frequency of the alternating
voltage between the plates.

CATHODE RAY TUBES ol

It will have been noticed that the general
character of the curve in fig. 4 differs very much
from that of figs. 1 and 2. The horizontal deflection
is in this case not obtained from a linear time-base,

24858

Fig. 4. The oscillogram of the mains of fig. 2 recorded with the
use of the filter of fig. 3. The horizontal deflection is obtained
from the mains voltage and not from a linear time-base. With
a vertical deflection obtained by means of a sinusoidal alter-
nating voltage of 50 cycles, an ellipse will generally be formed
The fine indentations of the approximately elliptical line
indicate disturbances which may, for example, have their
source in the slots of the rotor of the alternating current
generator.

but from the 50 cycle alternating voltage of the
mains. Since the filter does not completely suppress
the fundamental frequency, an alternating voltage of
50 ¢/s is also present on the other set of deflection
plates. The frequency of the latteris shifted in phase
with respect to the mains voltage, and thus gives rise
to the elliptical figure. This device is used in this
sase in order to make sure immediately without
careful adjustment that the time-base is accurately
synchronized with the mains voltage. This is im-
portant for the purpose of deciding whether the
fine indentations have their source in the mains
themselves or are due to an external source of inter-
ference. In the latter case the ripple will never be
completely stationary, but will run more or less
rapidly along the ellipse.

Finally a practical example will show how
quickly it is possible to work with the cathode ray
oscillograph. As was mentioned, an RC filter was

necessary to obtain the curve of fig. 4. The resist-

n
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Fig. 5. Practical construction of the filter circuit represented
in fig. 3.
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ance was here formed by the input potentiometer
of the built-in amplifier, while the capacity was
formed by winding an insulated wire connected

to the input terminal of the amplifier several

24958

’

Fig. 6. Oscillogram of ‘‘standard mains” which are used in

laboratory to test radio receivers.

times loosely around the unearthed power mains
cable (fig. 5).

Phenomena such as that illustrated by fig. 4
led to the construction of “standard mains’” with
an artificial interference by overtones. In the

/

Philips Laboratory such mains of 50 c¢/s with
3 per cent overtones of 500 cycles are used for
testing radio receivers. The oscillogram of these
mains is given in fig. 6.

The oscillograms of direct current mains also
may sometimes be important. When the mains are
not fed from an accumulator battery a ripple will
usually be observed superposed on the straight
line which represents the direct voltage. Figs. 7,
8 and 9 give examples of what may be encountered
in practice. Iig. 7 is the oscillogram of 130 volt
mains from a source of 40 kW, wused in con-
nection with various small motors. The ripple,
which is due in general to the dynamo, can

scarcely be distinguished. At night, instead of the

24839

Fig. 7. Voltage of direct current mains fed by a 40 kW dynamo.

Vol. 3, No. 2

40 kW dynamo, a 6 phase rectifier of lower power
is used. This makes no difference to the running
of the machines connected with the mains. On the

oscillogram, however, the successive crests of the

24840

Fig. 8. Voltage of direct current mains fed by a 6 phase rec-
tifier. The voltage exhibits a pronounced ripple, formed by
the crests of six sine curves. In addition, at the end of each
section of sine curve ‘an oscillation of much higher frequency
may be seen.

sine curves of the six alternating current phases
can be very clearly distinguished. The short os-
cillation of much higher frequency at the end of
each crest is typical. It is from such an oscillation
that interference may be expected. We shall return
in a following article to give an example of this.

A third example of direct current mains is the
oscillogram in fig. 9 of a 5 kW motor generator.
With this smaller machine the ripple is much larger
than in the cases of the more powerful machine.

If it is desired to examine the ripple of direct
current mains in more detail, the same device may
be employed as that with which fig. 4 was obtained,
but in this case of course using a normal linear
time-base.

‘24841

Fig. 9. Voltage of direct current mains fed by a 5 kW dynamo.
Smaller machines often have a much larger ripple than
larger machines (fig. 7).
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WORK-BENCH TLLUMINATION

by N. A. HALBERTSMA.

Fine assembly work demands a very. intense illumination of the work shop. Because of

. the fact that the sensitivity to glare increases very much with the level of brightness, the
illumination must in'addition be very uniform. In this article the points of view are
discussed which determine the design of fixtures for an illumination of about 100 ft. candles
on the working surface. General as well as local illumination is discussed. The examples .
give the development of the illumination of an assembly bench for the making of radio

recelver valves

The-illumination of the work-bench and the ma-
chine-tool where fine work is done has passed through
a remarkable development in the last 25 years.

Local illumination, upon which one had to rely
out of considerations of economy in the time of the
carbon lamp and relatively high prices for current,
was gradually displaced by general illumination

" when, with the large metal filament lamps (es-
pecially the gasfilled lamp), light sources with a

much higher efficiency and units with a consider-
able luminous flux became available.

With increasing insight into the value of good
and strong illumination for the rapid and accurate
carrying out of fine work, therc is now a tendency

to revert to local illumination without neglecting

general illumination.
For the correct evaluation of the two very

different methods of illumination it is important

.

to find out what objections there are to general
illumination when it is desired to raise the il-
lumination to high levels (around 100 ft-candles and
higher), and to what extent these ob]ectlons can
be met by local illumination.

We have in mind operations which make greater
demands on the eye than writing or reading (for
which purposes general illumination of sufficient
intensity can be easily obtained). -

These are many such fine operations. It is well
known that drawing makes greater demands than
writing. Fine lines and' the slightness of contrast
in the case of lines drawn with a hard pencil or in
tracing etc. require many times the light intensity
with which one can write comfortably

At the work-bench and on the machine-tool the
small dimensions of the details to be observed or
the slight contrasts create a demand for a strong
illumination. )

In a report of the English “Industrial Health
Research Board” and the “Illumination Research
Committee” 1) Weston arrived at the following

1) H. C. Weston. The relation between illumination and
industrial efficiency I. The Effect of Size of Work, London, -
His Majesty’s Stationery Office, 1935.

.

table of illumination required with decreasing size

of detalls to be dlstlngulshed

Table I.
Visual angle Dimensions at a Required
of the details to be distance of dlumination
distinguished 14 inches Humination
10’ 1 mm 1.6 ft. candles
8 0.8 1.8 »
6’ 0.6 2.4 -
T 5 0.5 3.2 ”
4 04, 5.4 _—
3 03, | 240
2’ 0.2 ,, - 80.0- ,,
I 01 ,, 160.0 2

As test object Weston used cards with
Landolt rings of the type shown in fig. 1. The
test person had to mark the rings whose slit
was in one of the eight positions given. As a
measure of the performance of the eye Weston
took the number of rings marked in a given time.
The number generally increases in such tests with
the size of the rings on the card and the intensity
of the illumination. There is, however, a limit to
the speed of observation, even although the light

intensity is increased to that which occurs in the _

summer in full sunlight (about 10 000 ft. candles).
The “required illamination’ according to the above
table is the illumination at which this limit has
been reached within 2 per cent. If it is desired

" to pass this limit, spectacles or a magmfymg glass

must be used 2) in addition to strong illumination.

In the table is the width of the slit, it may be
noted, that the slits as printed in fig. 1 subtend
a visual angle of about 3’ at mormal reading
distance. To give some idea of this angle, it may

) The magnifying glass of the watchmaker and engraver
is the best known example of this, but H. C. Weston
and A. Adams state in Report No. 40 of the Industrial
Fatigue Research Board, London 1927, that operators
of knitting machines with normal eyes needed spectacles
of 4 1,5 D when they had to transfer the stitches of the
stockmg to needles on the knitting machine of which
there were 20 to 22 per inch and whose separation there-
fore was slightly more than 1 mm.,

628.976
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be noted that the angle is also about 3’ for the
details of the type of this periodical at a normal
reading distance. - :

In Weston’s tests the contrast was as great

QOO0 NOOOOD 0OOOD DOOO
O000 OO0 NOO0O.. 0NOO0C0
Q00D COOC DOUODQ 0000
DOCO QD00 QOUNOO 0DOOO
O0O0CO OOQU ©0OOD 0000
QCOQ NDCOOD O00OQO0 0O0OO0O -
000N 0O20C QUOO QOO0
O000N00C ONOOC O0ONOQ@ O0OC0CO
QNOOC 0000 O000QC NOOOC.
OCQCO OCOHO OQOCO 0000
Q0NDO NOOOQC CONHO VOO0
Q000 CQUNHO NOQO CNDQO
OCOQ OOUGQO 0ONCO 000QO
O000 OCNDQ 2000 COOO
00O NOO0OOO0 000N 0000
OO‘O‘O,COOO 000 0OQ0OO0

' Tt ) 25502

Fig. 1. Test card for thg determination of speed of observation.
The visual angle of the details to be distinguished is 3.

-

as possible (black and white). Lower contrasts
require greater intensity of illumination.

The curve of the sensitivity of the €ye to contrast
" as recorded by Konig-Nutting (fig. 2) shows
that contrasts with ratios of brightness of 1 : 1.02
(H/AH = 50) at a brightness of 1 ¢ld/sq. ft., that is
at intensities of illumination of 300 lux on a surface
with 10 per cent reflective power, are no longer
observed.

100 25214

H
aH

50 L

1
ANAN I 0 10°

10’
H (K
Fig. 2. The smallest observable contrast in brightness H/AH
as a function of the brightness. H is the lowest of the two

102 107 1 .10

brightnesses, AH the difference in brightness. The ratio of -

brightness is therefore 1 + AH/H. o :
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The high standard of accuracy which is now
often required to ensure interchangeability of
parts, has in many factories necessitated high -
intensities of illumination (100 ft. candles for
example) at the work-bench.

Objections to very intense general illumination

The following difficulties are encountered with
very intense general illumination: :

a) The operating costs and the heat development
increase proportionally with the power installed
and become important at 10 W/sq. ft. and higher.
The development of heat can become disturbing

‘not only because of the heating of the air, but

also due to the radiant heat (the use of the mercury
vapour lamps e.g. decreases the heat developed at
equal intensities of illumination by about one half).

b) In rooms of moderate height (12 to 14 ft.) the
brightness of the fixtures quickly becomes distur-
bing when the intensity of illumination is in-
creased to a large degree. Ward Harrison3)
pointed out that two phenomena must be kept -
in mind in designing installations with high inten-
sities of illumination. The first is that the contrast
in brightness, between the lightest and the darkest
parts of the field of vision, which is permissible
in connection with the risk of glare, decreases
with increasing of brightness of the field of vision.
This fact was discovered by Nutting?). With
tenfold increase of brightness of the field, the
maximum brightness may only be doubled if the
size of the source of light remains the same. In the -
second place account must be taken of the fact that
increase in size of the brightest parts of the field of
vision (the lighting units, which in this case were
diffusing globes) decreases the maximum permissible
brighitness. This practically means that no use can be
made of the above-mentioned doubling, and that
one is limited to a maximum brightness. Therefore ‘
with increasing light flux from the light sources
the apparent surface of the diffusers must in fact
increase in the same ratio. With reflectors, and
with indirect illumination this must be kept in
mind. Entirely apart from economic considerations,
increase in the number of light points, for instance
to 1 per 20 sq. ft., provides no solution of the
difficulty met in a radical increase of the level of
illumination ‘(up to 100 ft.candles for example).

¢) In long factory rooms the workmen are
distracted by the glare of the large number of

3) W. Harrison, What is wrohg with our 50 ft candle in-
stallations? Trans. Ill. Eng. Soc. 32, 209, 1937.

4) P. G. Nutting, Trans. II. Eng. Soc. 11, 943, 1916.
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fixtures or the strongly lighted ceiling where the
brightness is a multiple of the brightness of the
working surface toward which his eye is directed.

d) In the presence of a large number of closely
spaced lighting points the intensity of the shadows
will as a rule be small, but on the other hand, with
pieces of work made of shiny material, there is an
increase in the number and intensity of the bright
spots caused by specular reflection.

a) b)

Fig. 3. The inside of a pentode, photographed under various systems of local illumination.

a) and b):

WORK-BENCH ILLUMINATION 55

eyes of the worker not supporting a diffusing bulb
in the immediate neighbourhood. The proximity
of the lighting unit to the head of the worker,
however, makes it mnecessary to make special
provisions against radiant heat. Neither the hands
nor the head of the worker should feel the presence
of heat radiation. If the reflector becomes very
hot, it also becomes a source of radiant heat.
Generous and

dimensions good ventilation for

c) d

Large enamelled reflector with lamp shielded from below. Different positions

of the piece of work. The supporting wires may, according to their position,
appear bright or dark against the background, but exhibit no disturbing light

reflexions.

¢): Lamp, with inside frosted bulb, not shielded from below. Disturbing light

reflexions appear.

d): Lamp with clear glass bulb and a very small reflector. The reflexions become
stronger. In addition a disturbing shadow appears.

Characteristics of strong local illumination

We shall now try to see to what extent the above-
mentioned objections to strong general illumination
can be met by strong local illumination.

a) The heating of the air is less, because even if
one assumes 10 sq. ft of work-bench space per man,
and installs 100 W for that space, the number of
work-bench places in a room still remains so much
smaller than the total floor space in sq. ft that the
heating of the air will be much less owing to the
smaller current consumption.

As lighting unit a reflector only can be used, the

removing the warm air which collects in the re-
flector will keep the temperature of the reflector low.

b) A reflector for local illumination which is so
formed and so placed that the worker sees neither
the lamp nor any part of the strongly lighted inner
surface of the reflector ®) will not be blinding by
itself. On the other hand very disturbing light
reflexions will appear on a piece of work made of
polished material. These reflexions are caused by

5) When a small portion of the inner surface of the reflector
remains visible, this cause of dazzle may be removed by
painting that part dull black.
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the lamp as well as by polished parts of the inner
surface of the reflector. The brightness of an inside
frosted lamp of 75 W is of the order of 150 cdl/sq. inch.
Under this lamp metal objects will show reflexes of
about 60—120 cdl/sq. inch, enamelled or lacquered
objects (with a direct reflection power of 4 per cent
only 6 cdl/sq. inch). If, however, the lamp is shielded
from below, there will still be reflexions of the lamp
in an enamelled reflector of 6 cdl/sq. inch which
cause reflexions of 3 cdl/sq. inch in metal objects.

c). Since the fixtures for local illumination are

Yol. 3,-No.:2

the piece of work, it has only recently been realised
that local illumination can also be adapted to the
requirements of shadow formation. Reflectors with
small diameters which used to be used exclusively
for local illumination will always produce strong
shadows. With increasing diameter of the reflector
the shadows become less pronounced because the
light coming from a reflector with a diameter of
12 or 15 inches subtends a fairly wide solid angle
because of the short distance between reflector and
work. At a distance of 13 inches this solid angle is

25218

Fig. 4. Work-bench in an assembly department with the illumination whose results are

shown in figs. 3a) and b).

at about eye-level, it is also important for the
other workers in the hall not to be able to look into
the reflector. Otherwise the objection to general
illumination mentioned under c¢) above would
hold equally and perhaps still more for local
illumination.

d). Shadow formation may be of great impor-
tance according to the mixture of the work to be
done. Sometimes it is desirable, in other cases every
attempt is made to avoid it. While in the case of
general illumination we have long been aware of the
influence of the system of illumination, direct, half

indirect or indirect, on the formation of shadows on

approximately equal to the solid angle of the incident
light in indirect lighting where a surface of about
7 ft diameter on a ceiling 12 ft high radiates the light.

The lighting of an assembly bench.

The ideas on local illumination of high intensity
(about 100 ft. candles) summarized in the foregoing
have led to a special lighting installation on the
work benches in the radio valve department of the
Philips Incandescent Lamp Works, where in 1934
repeated complaints of eye troubles occured with
persons who were employed in the assembly of
radio valves.
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This assembly work must be considered as the
limit of performance of the eye, since in addition
to the handling and selecting of often very fine
. parts, the eyes are not focussed on a single plane
surface only, as in the work of a watchmaker, but
they must be focussed at different distances in space.

The modern radio valve contains a number of
concentric grids Which are born by supporting

wires insulated from each other. Helices of fine wire -

are used as grids..

These bare metal wires can be observed in two
ways. They can appear dark against a light back-
ground and thus be seen as silhouettes, when the
source of light is not reflected in the direction of
the eye by the bright metal (see fig. 3a), or they
may appear bright in contrast to the background
when they reflect the light. .

Whether or not the reflection is observed by‘

the eye depends upon the position of the work. The

same supporting wires; in the position shown in

fig- 3b are lighter than the background due to reflec-
tion of the light source.

In order to prevent the reflexion in the metal
parts and also in the glass from becoming too
strong and causing dazzle, and in that way making
observation in the immediate neighbourhood more
difficult, the surface brightness of the light source
must not be too great. The lamp is therefore shielded

* _from below in the reflector. The surface brightness

is then of the order of magnitude of 3 cdl/sq. inch at
the most, if the reflector is dull white on the inside.
If the enamel of the reflector has a shiny surface,
reflexions of greater brightness about 30 c¢dl/sq. inch,
occur, and the brightness of the metal wires in
certain positions also becomes greater.

The importance of the shielding of the lamp may
be seen from a comparison of the illuminations ob-
‘tained with shielding (figs. 3a and b) and the illumi-
nations obtained without shielding (figs 3¢ and d).
~ The omission of shielding has two results when a
lamp of normal type, matted on the inside, is used:
1) The light reflexions on the metal wires and in

the glass become much stronger (see fig. 3c).
2) Heavy shadows occur.

Both phenomena become more pronounced if a
clear glass lamp and a very small reflector are used.
In fig. 3d) the strong reflexions and heavy shadow
may be seen.

The impressions given by these photographs have
been confirmed by tests on a large scale.

With. an illumination as that used in figs 3a
and b the production per hour was highest and the
number of mistakes smallest. The number of com-
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plaints of ‘eye trouble also decreased considerably.
Considering the nature of the work and the great
demands which it makes on the eye, a careful
selection of personnel by means of a. thorough eye
examination is to be desired. :
The enamelled reflector, matted on the inside
(fig. 5) and 15 inch in diameter is fastened 15 inch

Fig. 5. Sketch of the enamelled reﬂector for the work-bench
illumination of figs. 3a and b,

above the work-bench in a slanting position. The

. source of light i is a lamp of 75 Watt” with a clear

glass bulb.
Directly under the lamp on thé work-bench there

is an illumination of about 55 ft. candles. As a-rule

the work is held at some distance above the bench.
At this point a light orange-coloured, matt-finished,
metal plane is placed at an angle of 75 © with the
horizontal. This serves as background for the work

to be inspected.

When the work is held before this plane, the

. horizontal intensity of the illumination is about 80
ft. candles, and the light falls from the wide opening -

of the reflector on the work from all sides and
through thé various wires in such a way that the
parts in the interior of the picce of work can also
be seen without hindrance from shadows. The
large surface of the reflector and the ventilation
holes in its neck prevent it from becoming hot, and
thus prevent dlsturblng heat radiation on the head
of the worker.
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Transmitter building (middle) with cooling tower (left) of a 20 kW Philips medium wave

broadcasttransmitter at Rio de Janeiro.
In the background can be seen part of a self-radiating aerial tower belonging to this station.
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A ROTATING DIRECTIONAL AERIAL FOR SHORT WAVE BROADCASTING

by P J. H A. NORDLOHNE '. o

2

CA descnptlon is glven of the rotating du:ectlonal aerlal erected at Hulzen for hroadcnstmg

from the transmitter PC.I on 31.28 m.

On November 16th 1937 a rotating directional
aerial was put into use at Huizen for experimental

transmission by the short wave station PCJ des-’

cribed in the previous number, with -a frequency
of 9.59 megacycles (wave length 31.28. m) _This

directional aerial was designed for a power of

about 75 kW carrier wave energy.

o . ' o o . o

YA

wa- | wma | 2
o v : 25221
Fig. 1. View from above of a uni-directional “aerial. :
The purpose of building a rotating aerial was to
make possible the®restriction of the energy to

any chosen direction with a single aerial instal--

lation, and in this way to concentrate all the avail-
able energy toward a given part of the world, for
example toward a given part of North Central or
South America. . .

Instead of a rotating aerial, up to now it has been
usual to build a number of permanent fixed direc-
tional aerials for this purpose, each of which served
for a single definite direction. The angle of emergence

ha %A, 1)

%A

1hA-

. : . . . 25222

Fllg 2. Position of the half wave aenal wires in the vertical
plane. . . :

lof the beam sent out by a directional aerial can be

chosen- more or less wide. If aerials with small
angles of emergence are built, a narrower section
of the earth’s surface is reached; but with greater
intensity; if, od ‘the other hand, the aerials have
large angles of emergence & wider section of the
earth’ s surface is covered, bt at the cost of intén-

sn:y

Considering the fact that the wave length w1th

which one serves a certain distant part of the world
is almost always less suitable for another distant .
part of the world in the opposite direction, since, -

for example, the state of ionization along thé path

“to the latter is different, it is advantageous to make
the directional effect of the aerial one-sided. Thus
‘the aerial must not radiate any energy in

_’ c . L /\ ’ . ‘. .
|
X
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Fig. 3. View from above of the towers with the aerial wires
hung on the projecting supports.

a backwards direction. This uni-directional

.action can be attained by grouping the various

aerial wires in two parallel planes which lie at a

distance of a quarter wave length from each other,

and by giving the currents in front and rear planes
a phase difference of 90°. :
- Fig. I gives a.view of the uni-directional aerial

.from above. The supply is such that the cuuents

in the aerial wires of the front plane are 90°

" phase behind those of the wires of the rear p]ane,'

50" that the .waves which the two’ planes radiate,
when they have the same amplitude, will reinforce
each other toward the front and exactly neutralize
each other toward the back.

" The sharpness of the beam depends’ upon the
number -of aerial wires next to each other in cach
plane and on the mutual separation of the wires. If
directional aerials for a given frequency are avail-
able, the intensity of which falls to one half at
13° on either side of the main direction, and if it is
desired to reach all parts of the world from East
Africa to and including the United States with an

621. 396 677.029.58
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intensity which is never less than half of that in
the main direction of the aerial, eight such aerials
would be
should be placed along the sides of a polygon to

necessary. These directional aerials
prevent one aerial from exerting too much in-
fluence on the radiation diagram of another. The
transmitter building may be situated at the centre
of the circumscribed circle of the polygon. With
this method very large areas of ground are neces-
sary, as well as one or more complicated and ex-
pensive switching arrangements.

These objections are avoided with the rotating
aerial.

For the rotating aerial of PCJ for a wave length
of 31.28 m two 60 m wooden towers were built
which can rotate together around a central pivot.
In connection with the
radiant energy in a horizontal as well as in vertical
plane, four aerial wires a half wave in length were
suspended next to each other, and three were sus-
pended one above the other in the same vertical
plane (fig. 2), while two of such planes were placed
one behind the other as shown in fig. 1. These aerial
wires may be hung in the usual way between the
two towers, but in that case the diameter of the
circle described by the rotating towers is relatively
large. When steel masts are used, moreover, in
order to limit the currents induced in them, which

would have an undesirable influence on the radiation

Fig. 4. Wheel boxes on the outer track

desired concentration of

Yol. 3, No. 2

Fig. 5. Anchorage of the steel pivot about which the whole
rotating aerial is centred.

pattern, the distance from the aerials to the poles
would have to be made equal to at least about one
wave length, so that the structure would be un-
reasonably large. The diameter of the circle des-
cribed can be considerably decreased by using
wooden towers and by not suspending the aerials
between them, but on the towers themselves. In
this case the towers must be provided with projec-
ting supports in the form of platforms (fig. 3).
Each tower then carries four vertical wires, each
of which is divided by two insulators into three
half wave aerials whose currents are in phase with
each other. Since the distance between the aerials
in the front as well as the rear plane is fixed
at a half wave length, the distance between the
centres of the towers becomes exactly one wave
length.

In order to allow the whole structure to rotate
casily, the two towers must be joined together at
their bases. They must therefore be mounted in the
same rotating undercarriage. The latter consists of
a steel construction about 54 by 13 m which rests
at each of the eight points where it bears the
towers on a set of wheels (fig. 4) consisting of
two wheels in a line (16 wheels in all). Four of
these sets of wheels are on the outer track, the
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other four on the inner track. The outer track has
a diameter of about 46.4 m and consists of a normal
rail AH no. 1, welded to an I-girder, DIN 24,
which in turn is anchored in a (circular) wall of
reinforced concrete. The inner track is constructed
in exactly the same way but has a diameter of
about 22.4 m.

Since during rotation in a strong wind the
wheels might be pressed against the sides of the
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the steel framework weighs about 40 tons, while
each set of wheels weighs 1.5 tons.

The wheels rotate on double ball bearings. There
is one set of wheels under each of the four posts
of the

The heaviest load occurs as the result of a wind
diagonally against the towers. There is then a

38 ton compressive stress on one side and a 38 ton

two towers.

tensile stress on the other side. In this way a

Fig. 6. The wooden towers of the rotating aerial.

rails, the whole structure is centred about a steel
pivot which is anchored in a block of reinforced
concrete with a heavy base (fig. 5). This pivot
therefore serves exclusively to take up the horizon-
tal forces.

The wooden towers are made of Norwegian fir
impregnated with a substance to prevent rot. The
general construction can be seen clearly in fig. 6.
All joints are made with nuts and bolts, while
several important points are provided with iron

butt straps. Each wooden tower weighs 18 tons,

maximum load of 51 tons may occur on one set of
wheels: 4.5 tons from the wooden tower, 7 tons
from the steel undercarriage, 1.5 tons from the
wheels themselves and 38 tons due to the force of
the wind. In the construction of the towers the
calculations were made, according to the Nether-
lands Normalization Committee, with a wind force
of 70 kg/m? for the first 20 m of height, while for
every additional meter of height an increase of
pressure of 1.5 kg/m? is calculated. This increase,
however, goes only to a height of 40 m, so that above
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this height the pressure remains 100 kg/m? The
wind pressure makes heavy demands on the wood
construction, considering the fact that the surface
on which the wind exerts its force is much greater
than that of an iron tower, which can always be
constructed in a more slender form. Moreover, the
platforms in the shape of a cross, on whose extrem-
ities the aerial wires are hung, represent loads
which are effective at the top, and thus make large
contributions to the moment of the forces acting
on the tower.

The construction of a tower was carried out in

24932

Fig. 7. The bridge with the towers is freed from the concrete
blocks and rests upon the wheels.

the following way. Two sides about 20 m high were
first built on the ground. After these had been
erected in their places the necessary struts etec.
were added to complete the other two sides. The
tower was finished with the help of a hoist and
tackle and temporary scaffolding.

The iron framework was also made ready in large
sections which were put together on the spot.
The specially constructed wheels are mounted in
practically closed long narrow boxes (cf. fig. 4).
Since the wheels could not be delivered quickly
enough, and it was impossible to wait for them
because of the lateness of the season, the framework

Yol. 3, No. 2

and towers were first mounted on eight concrete
blocks. It was then possible, during the construc-
tion of the towers and the putting together of the

Fig. 8. Diagram of the supply of the aerial. The aerial can be
fed from O via H, or H, to M.

framework, to level the ground, cast the concrete
walls for the tracks and to fix the I-girders and
finally the rails.

The last operation was that of fastening the wheel
boxes underneath the framework, and then freeing
the
eight concrete blocks (fig. 7). During this operation

connection between the framework and the

the framework was supported by jacks. The whole
was easily lowered a distance of 0.5 cm on to the
rails.

Rotation,is, for the time being, carried out by hand,

25225

Fig. 9. Diagram showing supply circuit when using the supply
arm A,A4,, via Hy or H, from O.
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for which purpose two hand capstans are fastened
underneath the framework. From each capstan a
steel cable passes to a single pulley block which is
fastened to a shoe on the outer rail, and from there
to one of the wheel boxes. Two men at each capstan
can easily set the towers in motion, while the motion
can be maintained with one or two men. An elec-
trical drive is now being designed, about which
we cannot yet give any details. _

The energy is supplied to the aerial vertically
above the pivot by means of overhead connections.
With a permanent, fixed supply connection
there would be certain positions of the tower at
which they would touch the supply lines or the
latter would have to be conducted through the
towers. By arranging the supply from two points
this difficulty is avoided (fig. 8). In order to change
from the supply point H, to the point H, the
switch at 0 must be reversed and the supply line
MH, is replaced by MH,.
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Changing the supply line is rather time-consuming,
and in the long run a troublesome operation. For
this reason a rotating supply arm has been designed,
which can rotate independently of the towers on a
pivot of its own above the framework pivot and
which rests on the track. From the position drawn
in fig. 9 the towers can then be turned to the right
over about 100° without the necessity of any com-
mutation. With a greater rotation than this, the
aerials must be supplied via H, by means of the
other half of the rotating arm. For this purpose
the switch at 0 must be reversed, the switch at H;
opened and the rotating arm turned to the right
until A, reaches H,. The switch at I, can then be
closed. Fig. 10 gives a view of the Phohi grounds
at Huizen where the PHI transritters of the
Phohi and the PCJ transmitter are set up. The
new rotating directional aerial which serves for
broadcasting on 31.28 m may clearly be seen at
the left. In the centre background is the permanent

Fig. 10. General view of the grounds of the PHI transmitters of the Phohi and PCJ.
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directional aerial-used up to now for experimental

broadcasting by PCJ on 19.71 m to the Dutch East

Indies and British India. At the top of the wooden
pole of this fixed directional aerial is a dipole
aerial for non-directional broadcasting on either
19.71 or 31.28 m. To the right between the two

Vol. .3, No. 2

[
high towers hangs the fixed directional aerial of
the Phohi transmitter for broadcé.sting to the Dutch
East Indies on a wave length of 16.88 m. Under the
tower to the rlght in the background may be seen
the fixed permanent aenal for transmission on a
wave length of 25.37 m to the Dutch East Indies.
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AUDITORIUM ACOUSTICS AND REVERBERATION

Within a closed space the sound which reaches the ear after one or more reflections at
the walls has an important influence on the quality of music and the intelligibility of the
spoken word. In this article this phenomenon of reflection, called reverberation, is studied
by means of measurements and calculations. This study leads finally to several simple
conditions which must be fulfilled if an auditorium is to have satisfactory acoustics.

Introduction

Speech and music both consist of sound vi-
brations which must reach the ear in a definite
succession in order to be intelligible. If the source
of the sound and the hearer are both in the open,
the succession of vibrations is the same as that
in which the sound waves were produced. In a
closed space, however, it sometimes happens that
vibrations which were produced earlier, after
several reflections at the walls, reach the ear simul-
taneously with those which were sent out later.
The order of the sound impressions is therefore
disturbed to some extent. It is easy to understand
that speech can in this way become less intelligible

- and music can be run together in such a way that -
the notes no longer sound distinct. If the source

of sound is suddenly silenced, the sound of the
reflected waves is still heard for a short time. This
phenomenon, reverberation, is of the greatest
importance in the acoustics of an auditorium,

because of its influence on the intelligibility of

speech and quality of music.

“Why is it not possible to render the reverberation
" so slight that no reflection of sound takes place?
This would seem to be an exce]lent plan in the
case of speech. : :

In the first place it is not o easy to achieve
this; moreover, if it were done, the sound from a
source of a given power would be much weaker than
otherwise, as can be ascertained by comparing
the music of a violin in a hall with the same music
out of doors. Finally there are psychological and
aesthetic reasons why we desire a certain amount
of reverberation in music. The rolling tones of the

organ in the vaulted roof of a Gothic cathedral
have a peculiar beauty. :

We are thus compelled to look for a compromise
between two effects:
a) when the reverheration time is long, the speech
is loud but non-intelligible;
b) when the reverberation time is short, the sound
is not sufficiently reinforced by reflections, nor is it
uniformly distributed over the space.’
. It has been found that the optimum rever--
beration time is about two seconds for large halls,
while for small halls, where the sound does not
need so much reinforcement, one second is the
best time. '

- Sabine’s expenments

In the middle of the last century the im-
portance of reverberation to the acoustics of an
auditorium was already recognized. It was also
known that reverberation was dependent on the
volume and shape of the hall, but the nature of
this dependence was not known. An exact copy of
a hall with good acoustics, but on a larger or smaller
scale, was sometimes found to give unexpectedly
bad results. Moreover, such knowledge as there
was had not penetrated sufficiently well into the
sphere of architecture. Architects believed in a
certain aesthetic relation between the dimensions
of a hall, which was supposed to produce good
acoustics. It was not until 1900 that a quantitative
insight was obtained into the phenomenon of rever-
beration through the experiments of the American
physicist Sabine, and it was still about twenty-

534.844
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five years before the principles so discovered were
applied in the actual building.
Sabine was commissioned to make improve-

ments on an auditorium with bad acoustics by

shortening the reverberation time. In order to be
able to do this, he wanted to find a relation between

the various quantities which affect the rever-

beration time, namely, the volume of the space,
the area and the absorption of the walls. To do this,
he measured the reverberation time of various halls
at’ Harvard University with an organ pipe and a
chronograph. As reverberation time he took the
time elapsing bétween the moment of shutting
off of the source of sound after a steady sound
intensity has been reached and the moment when
the tone’ of the organ pipe became inaudible. He
then found that reverberation is directly propor-
tional to the volume of the hall, and that in general
the curve of the walls and their relative positions
have no noticeable effect on reverberation.

By the introduction of seat cushions from a
theatre auditorium, he was able gradually to reduce
‘the reverberation time of a given space from 5.35 sec
to 1.14 sec. In this way he obtained a relation
bétween the reverberation time and the number of
metres of cushions introduced. This criterion was
later changed into square metres of cushions, and
still later into square metres of open window,
after he had found out on a quiet night that the
absorption of an open window was proportional
to the size of the opening, and that his cushions

absorbed 80 per cent of what the same area of’

open window absorbed. It is obvious that all the
sound incident upon an opening passes through it.
The number 0.8 was called the absorption coef-

ficient by Sabine. This number, which is less

than one, indicated the fraction of 1 sq metre of
open window which has the same absorption as
1 sq metre of the material under consideration.
In other words, this number is the ratio between
absorbed and incident sound. Sabine was now
able, by means of measurements in halls with
different wall coverings, to determine the corre-
sponding absorption coefficients. Account had also
‘to be taken of the absorption of sound by the
audience, which corresponds: to about 0.5 sq m

of open window per person.
By combining all these measurements experimen-
tally, he obtained the very well known relation:
T=016—",

Zo;S;

1)

in which T is the time elapsing between the shutting
off of the source of sound and the fall of the sound

" of reverberation, Sabine’s formula is

. Measurements of reverberation
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intensity to inaudibility; ¥ is the volume of the
space, S; the area of a part of the wall .and «;
the corresponding absorption coefficient. Sa; S; is
then taken over the total surface of the walls and
other absorbers (such as the audience), each with
its own absorption coefficient.

Considering the complexity of the phenomenon
extraor-
dinarily simple.It is striking that reverberation is
independent of the shape of the space and of the
nature of the distribution of the absorbing surfaces
over the walls, and of the position of the source of
sound and of the observer. It is this very simplicity
which makes Sabine’s formula so useful for cal-
culating the reverberation time of a hall from its
plans and from the known absorption coefficients
of the material of the walls, or for the determination
of absorption coefficients from reverberation meas-
urements such as Sabine himself carried out in
the above-described experiments with chair cush-
ions. ‘ .

- From equation (1) it is immediately clear that

“when there is no absorption (o = 0) the rever-

beration time is infinite, a fact which is clear enough
even without a formula.

.If the whole wall surface consisted of material
which was completely absorbent, or equivalent to
“open window” no reflections would take place
and the reverberation time would have to be zero.
This result is not confirmed by ‘equation (1);
2a; S; becomes equal to the area of the surface
of the wall and not infinitely great, so that T cannot
become arbitrarily small. From this it may be seen
that Sabine’s formula is subject to limitations.

Later in this article we shall attempt to derive
Sabine’s formula from the elements of the theory
of sound. It will then become clear that equation (1)
holds accurately only when the absorption of sound

'is so small that each wave is subjected to a large

number of reflections before it dies out. When this

is not the case, reverberation is dependent on the
shape of the hall and on the distribution of the

absorbing materials. It is, however, possible to

improve upon Sabine’s formula in such a way

that it remains valid for an approximately cubical

shape of hall and a uniform distribution of the ab-

sorbing material even with strongly absorbing

walls. '

-

Before we consider the reverberation phenom- -
enon theoretically, we shall first give some details
about the measurement of reverberation time.

Sabine carried out his measurements with an
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. organ pipe and a chronograph. Such subjective
. measurements, which are sometimes .still done,
require a great deal of practice. Many measurements
must be carried out, and their average taken, in
order to obtain anywhere near a reliable result.

The accuracy of the measurements can be much

improved if there'is available a gramophone, an
amplifier with loudspeaker, a potentiometer cali-
brated in decibels and an electric clock. A record
with a dontinuous so-called warble tone is put on the
gramophone. This tone is one whose frequercy
varies rapidly over a short range. It is used to
prevent the occurrence of standing vibrations in the
measuring space, which would be certain to occur
if a single frequency were used, and which would
‘adversely effect the measurement. .

The circuit can be arranged in such a way,
that the clock only runs when the loud-speaker
is shut off." The potentiometer is set 60 db above
the limit of audibility which was determined
previously and the loudspeaker is switched on.
One now waits until the sound intensity has become
steady, the switch is then reversed .so that the
" loudspeaker is silenced and the clock begins - to
run. When the limit of audibility is reached, the
switch is again reversed, the loudspeaker begins
again, and the clock stops. This can-be repeated
as often as desired, and the clock adds up the
reverberation times measured. It is only necessary
to divide by the number of measurements to obtain
the average reverberation time. With some practice
an accuracy of 5 to 10 per cent can be attained
by this method.

Instead of setting the potentiometer at 60 db
it may also be set at 50, 40, etc. A linear relation
must then be found between these numbers and
the time which elapses until the sound is inaudible.
The slope of the straight line which most nearly
connects these points gives the reverberation time.

For short reverberation times these subjective
methods give poor results. In order to exclude the
. human element, an entirely automatic' apparatus
has been constructed for measuring reverberation
time. Wide use is>being made nowadays of record-
ing meters with a logarithmic scale. They have the
advantage of recording not only the reverberation

time but the whole course of the reverberation,

which makes it possible to determine the rever-
beration time with more judgment. Moreover,
certain conclusions may be drawn from the course
- of the reverberation about the acoustic properties
of the space measured. This may be illustrated
by the three curves recorded with a logarithmic
voltmeter. The first curve (fig. I) is a normal
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reverberation curve, which, aside from numerous
small fluctuations, corresponds well with a straight
line. The reverberation time is 1.75 sec. The second

2,68m

, Q 1 . |'| { L N fsec

Fig. 1. Recording of the sound intensity in a room as a function
of the time. The reverberation time is ‘9_75 sec. Above, a
vertical cross sectlon of the room.

curve ( fig. 2) was recorded after damping material
was introduced into the room on the floor and
along the walls, but only extending half way to
the ceiling. We can no longer speak of a single
reverberation time. The curve consists of two
6verlapping parts. The first has a reverberation
time of 0.6 sec, the second of 1.75 sec; the latter
corresponds to the upper half of the room. The
reverberation time, which according to equation (1)
is determined by the ratio ¥/4 for equal absorption

coefficient, is the same as in fig. 1 because V4
has the same value for this half as in the first
recording for the whole room. The short rever-
beration time is that of the damped half. It may

T
2,68m

X3

519m

2sec

T T 11T 7T .
o bfsec

Fig. 2. Recording of the sound intensity in the same room while
the lower, half is covered with absorbing material, as indicated
in the cross section. In the recorded curve two reverberation
times may now be seen belonglng to the two halves of the -
room.
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"therefore be seen from this record that when the
‘damping material is so unequally distributed as in
this case, reverberation does not follow a simple
exponential course, but consists of two connected
exponential branches. In the figures these are
straight lines, since the intensity scale is exponential.

In the third recording the door of the room was

5.19m

583m

VAR

60db

.L(l.l 1 1

1sec

Fig. 3. Recording of the sound intensity in the same room with
the door to the corridor open, according to the plan drawhn
above. In the recorded curve may be seen the short rever-
beration time of the room itself as well as the long rever-
beration time of the corridor. The impression is actually
given that the last reverberation enters the room from the
corridor.

opened wide and care was taken that the sound
passing through the door did not immediately
re-enter the room. This was done by means of a
screen placed diagonally outside the door. The
"reverberation time of the lower portion of the room
has now become shorter, namely 0.2 sec, because
the absorption of the open door is now added to
that of the material introduced; the other rever-
beration time has become somewhat longer because
the sound which enters the corridor, after it has
passed from one end to the other of the corridor,
re-enters the room and again passes out through
the door. This occurs several times until the sound
has died out. The transition between the two
parts of the reverberation curve-is much sharper
here. The reverberation time of the corridor is also
expressed in this curve, and is somewhat longer
than that of the room..The recorded reverberation
times are obtained by picking up the sound with
a microphone, whose alternating voltage, after
_amplification, -is traced on the above-mentioned
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recording meter on a film 35 mm wide, which is
made especially for mechanical tracing. In these
recordings the speed of the film was 25 mm per sec,
and the tracing speed 600 db per sec, that is, the
maximum speed at which the needle moves is such
that it would be able to cover 30 cm in the direction
of the intensity scale in one second. Since on this
scale 60 db correspond to 3 cm, we call this 600 db.
The principle ‘of this recording arrangement is
based in general on an amplifier with potentiometer,
which is operated mechanically in such a way that
the output voltage of the amplifier remains con-

stant. Thus, if the input voltage falls or rises, the

potentiometer is mechanically adjusted so that
the output voltage always remains the same. The
mechanical control arrangement at the same time
operates the tracing needle and provides for suf- -
ficient force and speed for tracing.

Photographic copies of these records can be made
in unlimited mumbers.

A few years ago an important new method was

developed for measuring the reverberation in con-

cert halls filled with people, without  its being
necessary to take other measures than those which -
are necessary for broadcasting such music over
the radio. In the score of a piece of music to be
broadcasted, portions can be picked out where the
music suddenly stops at a sufficiently high level
of sound and is followed by a sufficiently long rest.
A radio set may now be connected in front
of the recording apparatus and the recording
- begun just before beginning of the rest. During
the rest the dying out of the sound is recorded and
thus the average reverberation time under the
conditions under which the hall is normally used.
+ If it is desired to measure the reverberation time
as a function of the frequency in this way, the
output voltage of the radio set must be filtered, so
that only a narrow frequency band enters the re-
cording - apparatus. By using successive octave
filters (filters which pass only one octave) the whole
course of -the reverberation time as a function of
the frequency can be recorded. It is then found
that the reverberation time is practically never

“entirely independeﬁt of the frequency, and usually

becomes greater towards the low frequencies.

- Theoretical treatment of reverheration

'Considering the importance of Sabine’s formula,
it is not surprising that there have been repeated
attempts to derive-this formula theoretically. The
value of these attempts lies in the fact that each
time a better insight is obtained into the limits
of the validity of Sabine’s law. We shall give
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here a simple deriviati,'on of Sabine’s law for an
idealized case.

Let us assume that we are concerned with a space
enclosed by hard walls which reflect sound totally.
Let us now allow a source of sound to act for a
short time and then stop. After some time it is
probable that the space is uniformly filled with sound
due to 'rei)eated reflections, at least if the shape of
‘the space is not of such a regular form that the
- sound continues to travel in certain paths.

In order to understand this we shall find out with
the help of fig. 4, how the filling of the space with
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Fig. 4. Reflections of a sound impulse starting from P in a
room with totally reflecting walls. Between ¢t and t - 4 ¢ at
M the sound from all the virtual sound curves lying between
the two circles is heard. In this way the sound is always
even]y dlstnbuted

sound takes place. The heavy lines represent a
rectangular room without absorption, with per-
fectly reflecting walls, and a source of sound P.
We wish to know the intensity of sound at an
arbitrary point M of the room between the mo-
ments t and ¢ -+ . At The direct sound comes
from P; the sound once or oftener reflected comes
from the mirror images of P, which are indicated
in the figure by small dots. If, for example, at the
moment ¢ = 0 a sound impulse (a pistol shot)
left P, then between t and ¢ + A4, the impulses
of the virtual sources of sound, which lie in the
spherical shell between ct and ¢ (¢ 44 t) are heard
at M. The volume of the shell between the spheres
¢t and ¢ (t+ At) increases proportionally with
the square of the time, and this holds also for the
average number of wirtual sources’of sound in
the shell. As may be seen from.the figure, the
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virtual sources of sound form a regular pattern in-
space, so that they will on the average be distributed.

. uniformly over the shell. There are naturally always

accidental fluctuations about the most probable
value, not only in the number of virtual sources
of sound, but also in their distribution over the
sphere. These fluctuations, however, become con-
tinually smaller as the number becomes greater.

- The average number of virtual sources of sound,

and therefore the average intensity, is indepen-
dent of the position of M in the space, and the
sound waves travel on the average with equal
intensity in all directions.

The space is now filled with an energy VE,,
when V is the volume and E, the uniform energy
per cc. Let us now make a hole in the wall with an
opening A. All the energy will finally pass out
through this opening. The energy passing through
1 sq.cm of the opening per second is cE/4 (see small-
print for proof). The energy incident on the whole
opening is cEA/4. This is therefore equal to the
decrease in total energy per second, since all the
energy falling upon the opening is lost.- Therefore

d(VE)  <E4
dt 4

2)

The solution of this is

—0.434 $4,

E_EeW_E 10 L

Now in order to find a definite _reverberation time T
we assume that the reverberation becomes inaudible

- when the energy density of the sound has become

a factor f smaller. Therefore

0434c_A T

10 4V

4V lgf 4
— 0.0268 — lgf,
T cd 0434 28 (. 3)

while Sabine had found
’  r—o1 X
=016 —

_f{

‘It may thus be seen that Sabine’s experiments

agree with the assumptlon that the reverberation
becomes inaudible when the density of the energy

"has decreased by a certain factor. From the two

equations (3) it follows approximately that

v lgf=6  f= 1.000000.

" The density of the energy therefore decreases to one-

millionth of its original value before it is inaudible, -
thus it decreases by 60 decibels. The sound pires-
sure varies proportionately to the square root
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of the density of the energy, and therefore decreases
during the reverberation to one thousandth of its
original value. '

The reverberation is of course heard somewhat
longer by one observer than by another. For
physical measurements, however, the time corre-
sponding to a decrease in intensity of 60 db is gene-
rally taken as the reverberation time.

Derivation of the formula cE/f4 for the energy flux through the
unit of area.

In a volume d¥ ( fig. 5) there is an amount of energy EdV.
The portion of this which falls upon the surface dS lies within

dr
rsin@ dV
./ rd8
'/
6/
’ d:S‘ 25945

Fig. 5. Derivation of the energy flux through the unit area.

the solid angle dQ within which the surface dS is seen from d 7.

This solid angle is given by

__cos0dS
=—

~dQ .
when r is the distance between dV and dS, and @ the angle
between the normal to dS and the line joining d¥ and dS.
We begin with the assumption that the energy flows from d¥
uniformly in all directions. Of the energy EdV, which isin dV

cos © dS

at a given moment, the amount EdV e will fall on the
1

surface dS.

All the volume elements from which a line to dS makes an
angle © with the normal to dS, now lie in a torus whose
diameter is rdo - dr, and the large circle has a circumference
of 2 zir sin 0. Therefore, dV = 2ar sin @ - rd® - dr. The energy
from dV which falls on dS is thus

,cos @ ds

— - sin © cos © do dr dS.
47y

o b

2mrtsino dodr =

. The total energy received by dS in the time dt comes from a
hemisphere with radius cdt, when ¢ is the velocity of sound

cdt ~ mf2

Eds{ drjo-sine coso do =ET°-dez.

By = 9
Ec
An amount of energy equal to T thus falls upon 1 sq cm per

second.

Sound ampliﬁcation by reverberation

As already mentioned, a certain degree of rever-
-beration is desirable because the intensity of the
sound with a given energy of the source is thereby
increased. In order to investigate this amplification

we make use of the total absorbed energy cal--

culated in the fo;-ego‘ing

Vol. 3I{No."3

cEA ¢E _
= e
This energy in the state of equilibrium is equal
to the energy P radiated from the source of sound.
The density of the energy in the space, which .
determines the intensity of sound, is, therefore,
at equilibrium

| 4P

e _2r
cZa;S; -

Now, according to Sabine’s formula
1 T
>eS; 016V
so that the density of energy

_ 4t P _omEr
T 0l6e VO TV

The intensity of sound is therefore proportional
to the energy per unit volume and to the time of
reverberation. For very short reverberation times
this formula is no more valid than Sabine’s formula;
the sound intensity does not become zero, but pas-
ses over to the intensity of the direct sound.

Deviations from Sabine’s formula.

In the foregoing derivation the essential assump-
tion was that the space was uniformly filled with
sound. Actually this means that the absorption
must be so small that a large number of reflections
are necessary to cause the sound to die out. When

- this is not so, for example, when all the sound is

absorbed so that no reflection at all takes place,
deviations from Sabine’s formula occur. This was
shown in the discussion of Sabine’s experiments.
In order to set up a refined theory of absorption
we shall follow a ray of sound along its path. This
ray of sound will cover paths of different lengths,
1, I, --- 1, between each two successive reflections
at a wall, and sound will be absorbed at each point
of reflection. For ease in calculation we shall use
a mean value of I, the so-called mean free path
of the sound. The calculation can best be followed
by means of an example. Suppose we have a room
with a free path of 20 metres and an absorption
coefficient on all walls of 0.50. The sound covers
a distance of 340 m per second, and 340/20 = 17
reflections take place. At each reflection 0.50 of the
original sound intensity remains, and therefore after

* n reflections 0.50%. To become inaudible this inten-

sity must fall to 0.000 001. From this we can deter-
maine n: 0.50% = 107°, n = 20. The total number
of reflections is thus 20, and there are 17 reflections
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per sec. The reverberation time is therefore 20/17 =
1.18 sec. '

The mean free path I used in the above theory
is dependent in the first place on the ratio V/A4
of the volume of the hall to the reflecting. surface.
If the number of reflections is sufficiently great
the free path, independent of the shape of the

room, becomes

v '
l= i (see small print for proof) : - (4)

Therefore in the above example 4¥V/4 = 20 metres.

‘Now that this ratio is known, we can also apply
Sabine’s formula to the example in questmn and

we find

[ 4 V. 4V
T = 0.16 =016 —— = 0.08 - — =
Za;S; 05 4 A
= 0.08:20 = 1.6 sec.

This differs considerably from the value of 1.18 sec
calculated

It is therefore clear that the treatment given
above differs from the calculation accord.mg to
Sabine’s formula. If we now repeat the expression
in general terms, we must obtain a different for-
mula for the reverberation. The reverberation time
is now the total number of reflections IV divided
by the number of reflections per sec (n), and the

above.

latter number is the veloc1ty of sound divided by

the mean free path, thus
¢ cd
T 4V/A 4V

The total number of reflections may be found from

(1 — a)VN = 1075, where a is the absorption coef- -

ficient, thus:

. —6 _ —6ml10
T lg(l—a) n(l—a)
Combihing we obtain .
p_N_ N4V _2ki0 . 14 _
" n cd ¢  —Alm(l—a)
14
=016 —— .. .. 5
—AIn (1—a) )

For small values of a this formula passes over into
the original Sabine formula, namely

.

In this derivation we have taken a uniform
value of the absorption coefficient. It is clear that
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if this coefficient varies slightly over the walls,
instead of —4 In (1 — a) we must take in the
denominator J — S; In (1 — o;).

The practical importance of equation (5) is that
it shows that less absorbing material is necessary
to obtain a definite (short) reverberation time than
was to be expected according to the old formula,

. because at a definite value of a

a o &
—In(l—0)=— 4+ — + — .... ,
n ( ) a) Tt 5 + 3 >a
and therefore the denominator has the same value
for smaller-values of S;. ~ ! '

Derivation of the formula for the mean free path

Let us first derive the formula for the special case of a
sphere with the source of sound B at the wall and with total
reflection ( fig. 6). Each sound ray which leaves B at an angle a

25856

Fig. 6. Derivation of the mean free path.

with the diameter, will after reflection at a point A4 again
make an angle a with the diameter through 4. This will be
repeated. Each ray keeps its original length of path. We may,
therefore, take the average of all chords, starting from B,
and will then obtain the correct answer. We now assume that
the source of sound radiates according to Lambert’s cosine
law. In this case the amount of direct sound per unit of area
is the same at all parts of the spherical wall. (This recalls
the sphere of Ulbricht in which for the same reason every
élement of the surface is equally intensely lighted by the light
which is radiated from any arbitrary element of the surface).
The number of sound rays from B which make an angle a
with the diameter is equal to the ring-shaped surface
2nrsin2a-rd (2 a). If we multiply this by the lengths of the
chords 2r cos a, we obtain 16 7 73 sin a cos? a da. If we now let a
vary from 0 to 7/2 and divide by 4 7 2, we have the average

length of path of the sound rays from B. This is

! _ﬂf 16 7r¥sin acosada  16/3 mr®

dmr 4mr?

av '
o

We can also derive formula (4) in a general-way from a
consideration of the kinetic gas theory. The derivation which
follows is, however, only valid when we may assume that the
space is uniformly filled with sound. We have previously
derived that the energy falling upon 1 sq cm per second is
Ec/4 in this case. For a gas in which n is the number of par-
ticles per cc the same derivation gives ncf4 for the number of
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particles which strike 1 sq cm per second. The number of
particles which strike a surface 4 per second is then ncA/4.
Let us consider a hypothetical surface which surrounds a
volume V in the gas. Assume that the particles move in
straight lines and do not collide with each other, and that

- the average path to the surface of each particle within the

volume is I and its velocity c, then each particle remains /¢
seconds in the volume V. If we now multiply the number of
particles which strike the wall per second with this average
time of remaining in the volume, it must give just the total
number of particles in the volume. We obtain

AV
i of I=—

With a sufficient number of reflections, equation (4) is
quite generally valid for the mean free path. If, however,
the shape of the room or the position of the source of sound
is not a very special one, so that the mean distance of the

source of sound from the wall corresponds approximately
with I, we shall also be able to use equation (4) for a small

-number of reflections, as was shown above for the spherical

space.

Absorption by moisture of the air

In the foregoing we have spoken only of the
absorption at the walls. For the higher frequencies
there is also a volume absorption, that is, at very

* high frequencies energy is also absorbed from the

sound waves by the air molecules themselves.
Within the last few years it has been found that
this absorption in the air is very dependent-on the
moisture in the air.

The influence of the water vapour seems to be
based on the fact that it plays the part of a catalyst
for the distribution of the energy over the possi-

 bilities of motion of the molecules. The absorption

reaches a maximum at a definite small percentage
of water vapour, which is dependent on the fre-
quency. Above and below this percentage of water
vapour the absorption decreases suddenly. If we
indicate the absorption coefficient per metre for
plane waves by m, a term 4 mV occurs in the
denominator of the formula for the reverberation
time. This term is, connected with the volume
absorption. A derivation similar to that of equation
(5) then gives ' '

06V

T = .
4mV—Sh (L—a)

m is here a function of frequency and humidity.
For frequencies below 1000 ¢/s m is so small that

it may be neglected at all degrees of humidity, but

above 5000 c/s the first term of the denominator
may even become greater than the second. At fre-
quencies above the limit of audibility the second
term may be neglected in comparison to the first.
For these frequencies the reverberation time in a
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reasonably large space becomes independent of
the volume and the surface area of the space.

Reverberation time and intelligibility

From the preceding considerations we have seen
that the sound intensity decreases exponentially
after the source ceases to act. It is now plausible
that the growth in intensity of sound from the mo-
ment the source begins to act is also exponential.
We shall. make use of this in order to explain the
relation mentioned in the introduction between
reverberation time and intelligibility.

Fig. 7 gives the growth and fading out of sound

0,16
E
0,14
012
o] /»
/l/
0,10 1.
. Al A "‘\ /’\
A /\ll ' ”
0’08 Al i
lll
,,/\ / .
0,06 ,.’
A
y
2 <
II
0,04 7
1 N N N AN N A
0’” // / l\i\\(l\
~TT g g ~ e 3 =

0
0 G2 04 06 08 10 12 14 16 LetZO 22 sec
: —

Fig. 7. Growth and fading of the sound in a space with a
reverberation time of 6 sec. The sound consists of syllables
which have a constant intensity for 0.15 sec and which are
separated by intervals of silence of 0.05 sec. The intensity
of the syllables projects only slightly above the average sound.
The intelligibility is therefore poor.

in a space with a reverberation time of 6 sec. The
sound cousists of spoken syllables, each of which

" lasts 0.15 second and which are separated by a time
" interval of 0.05 second. In the interval between
" syllables it is quiet. In the lower part of the graph

we see the intensity time curves for the separate
syllables. Each of these curves consists of two
pieces of an exponential curve. The dotted curve
is the iptegrated intensity, or better, the energy

“density proportional to it. The continuous upper

curve represents ‘the “intensity which is obtained

by continuous radiation of sound. From the dotted:
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curve it may clearly be seen that the individual
" syllables project only slightly above the average
level of sound. It is therefore plain that the sound
will be intense but not very intelligible. Let us now
reduce the reverberation time of this space to 1 sec.
" by increasing the absorption (fig. 8). The inten-
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Fig. 8. Growth and fading of the sound in a room with a
reverberation time of 1 sec. The individual syllables are well
separated from each other. The intelligibility-is good.

sity does not increase so rapidly, and there is suf--

ficient fluctuation to make the syllables stand out
clearly. Fig. 9 gives the extreme case where there
s practically no reverberation. The maximum in-
tensity is that of the individual syllables. In this
last case the speech is easily understood but the
intensity is weak. We say of such a space that it is
dead, and consider it in general unfavourable.

Final considerations

We shall bneﬂy review the results given in the ar-

_ticle.
The most important quantity for the acoustics
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of a hall is the reverberation time which must be
1 to 2 seconds according to the dimensions of the
hall. This value of the reverberation time can be
ensured in the design stage by providing a suitable
relation between the volume of the hall and the area
of the absorbing surface. The reverberation can be
calculated by means of formula (1) or (5).

If a hall is very long or has an irregular shape,
the calculation of the reverberation by formula (1)
or (5) may give very inaccurate results. In such
cases one is often concerned experimentally not .
with one definite reverberation time, but, for
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Fig. 9. Growth and fading of sound in a room with a rever-:
beration time of 0.3 sec. The syllables are exaggeratedly
separate from each other.

example, with two, as the recordings reproduced
in figs. 2 and 3 show. The sound first decreases -
rapidly; the final fading out on a lower level then
takes place more slowly. We have not gone deeply
into such phenomena since they will not occur
in a hall with good acoustics. For good acoustics
it is necessary that the sound intensity be about

. equal everywhere in the room, that is, that the sound

be distributed evenly throughout the whole space.
This was, however, just the assumption which
had to be made in order to derive Sabine’s for-
mula. If the acoustics of a hall are good, Sabine’s
formula. is therefore also satisfied.
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BARRETTERS

. by J. G. W. MULDER.

In this article a study is made of the way in which the current regulating function of a
regulator barretter is connected with the variation of the electrical resistance and the
heat dissipation of a filament as functions of the temperature. The most satisfactory
regulation curves can be obtained with an iron filament in an atmosphere of hydrogen at
low pressure. Different forms of construction of Philips barretters are discussed. Finally -
several points are discussed which are important in the application of barretters to

electrical installations.

For the sake of illustration, the decrease in the current

fluctuations in a tungsten lamp, a constant resistance and a carbon filament lamp are
studied in connection with the loss of voltage in the preceding barretter.

Introduction

Barretters have been used -in electrical engi-
neering for many decades for the purpose of
decreasing the current fluctuations which appear
in electric circuits as a result of wvariations in
the mains voltage or of changes in the load
applied. An urgent need of such a current regulator
was first experienced about 1900 when Nernst
lamps were connected to power mains. The in-
candescent element of the Nernst lamp (thori-
um oxide) has a strongly negative temperature
coefficient of the electrical resistance. If as a result
of a small increase in voltage the current I = V/R
becomes somewhat lurger, the resistance R de-
creases because of the corresponding increase of
temperature, so that the current and the tem-
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Fig. 1. Current through two barretters as a function of
the voltage.

a) Normal type.

b) Type with exceptionally wide regulatlon range.

perature continue to rise. If there were no resistance
at all in series with the lamp, the current would
continue to grow because of this instability until
the element fused. :

In order to avoid this unstable behaviour a
resistance is connected in series with the Nernst
lamp, which resistance varies with the temperature

'in exactly the opposite way to that in which the

resistance of the element of the Nernst lamp va-
ries. As early as 1899 it was found that an iron
filament in an atmosphere of hydrogen was very

“suitable for this purpose. Iron was used because

it has the highest positive temperature coefficient
of the resistance, while hydrogen was originally .
chosen to protect the iron from oxidation. It was
found later also that the heat conduction of the
gaseous hydrogen is of importance.

As an illustration of the action of a current
regulator the current voltage characteristics of
two different barretters are shown in fig. I.
In example @), which may be considered a nor-
mal case, the current remains practically con-
stant with a threefold increase of the voltage. In
example b) there is even a falling back of the charac-
teristic over a definite voltage interval, thus a .
decrease in the current with increasing voltage,
and at the end of the regulation range the voltage
is five times as great as in the beginning of that
range. . ‘ ’

In the course of years the Nernst lamp has
been displaced by better sources of light. Bar-
retters on the above-described principle have,
however, continued to be used, and are finding
continually wider application for the most divergent
purposes. The iron filament lamp, as has already
been mentioned in this periodical, is used as the
series resistance of gas discharge lamps, where .
it fulfils exactly the same function as in the
Nernst lamp. A barretter is, however, some-

621.316.72;
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.

times also connected in series with ordinary in-
candescent lamps, where it is necessary to provide

-for large fluctuations of the mains voltage as on

railways. There are, moreover, other applications
in electrical engincering, such as for maintaining
the constancy of the heating current of radio valves
and of the charging current of batteries.

How is a flat current-voltage characteristic obtained ?

If we assume that the filament has the same
temperature over its whole length, we can easily
calculate the relation between I and V, when the
energy loss (radiation plus heat conduction plus
convection) 4, and the electrical resistance R as
functions of the temperature T are known. We

have the reln_tion.s _
V-I= A(T) ) )
VII = R(T) |

A depends upon the nature and pressure of the gas
and upon the external temperature; R is a property

" of the material of the wire.

The first equation expresses the fact that the
state is stationary; the energy supplied is equal
to that given off. The second is simply Ohm’s law.

From these two equations it follows that

a) V=V4R) @)
b) I = YJ4/R

By calculating V" and I for a number of temper- -

atures we thus obtain an I-V curve. The following

‘08

calculations are based on measurements of the heat
dissipation of very thin wires in hydrogen gas by
Busch!) and on resistance measurements of very
pure iron by Potter 2).
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Fig. 2. Calculated I-¥ curves for an iron filament in hydrogen
at different pressures. In a certain voltage interval there is
a decrease of the current with increasing voltage.

1) H. Busch, Ann. Physik 64, 401, 1925.

2) H. H. Potter, Proc. Phys. Soc. 49, 671, 1937.
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The diagrams reproduced in fig. 2 refer to a
constant external temperature of 10° C and various -
pressures of the hydrogen. In fig. 3 the characteris-
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Fig. 3. Calculated I-V curves for a hydrogen pressure of 25.8
mm Hg at three different temperatures. With increasing
external temperature the fall of the characteristic is less
pronounced. : .

tics are reproduced for a constant amount of hy- -
drogen in the valve (25.8 mm Hg at 20°C) and
three different external temperatures. The sur-
prising result of these calculations is that the I-7
curve for a given voltage reaches a maximum and
then exhibits a falling back over a long range of
voltages. The falling back of the characteristic
is more pronounced the lower the external tem-
perature. ' » '
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Fig. 4. Comparison of a calculated characteristic (fig. 2, 9 mm

Hg) with a recorded characteristic under about the same
conditions. The general shape is well confirmed. The descend-
ing portion, however, cannot be realized, because a uniform
temperature is not established in this.portion.

Fig. 4 shows, in addition to the curve for 9 mm
pressure of fig. 2, an experimental curve for the
same conditions. The general behaviour of the cal-
culated curve is well confirmed; the falling back
of the' characteristic is, however, not present. The
cause must be sought in the fact that a uniform &istri-
bution of temperature over the whole length of the

- wire, as was assumed in the calculation of the

I-V curve, is not stable in the descending portion
of the characteristic. .
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If we allow the temperature of a given element
of the wire to rise slightly, not only the heat
dissipation increases, but also the resistance and
the supply of heat. In the descending portion of
the I-V curve the supply of heat is found to in-
crease more rapidly than the dissipation of heat,
" so that the temperature of the element continues
to increase while the rest of the wire cools off when
the voltage on the wire is kept constant.

The shape of the I-V curve is very sensitive to
accidental factors. The parts of the wire which will
become hotter, and how much hotter they will
become, and the parts which will become cooler
depend upon very slight irregularities in the state
of the surface of the wire. The heat conduction
along the wire is also important in this connection
since it works to decrease the irregularity in the
distribution of temperature along the wire. We
shall not go more deeply into this very complicated
problem. :

_What kinds of wire and what gases are suitable
for use in barretters?

‘We shall now examine the conditions which must
be satisfied if the current is to remain constant over
a certain interval of temperature. The answer is
implicit in equation (2).

By setting the first differential of the current with
respect to the temperature equal to zero, we obtain:

“_ 4R,
daT aT ’
and therefore (3)
T d4d T dR )
4iT ~ R aT

In order to make the signiﬁ.c‘ance of this equation

somewhat clearer, we can let 4 and R approach

a certain working point T by definite powers of
the temperature: '

.

, Ta
A=t ()
i 0
' T\e

R=R, |—]., "
0 (To>
and therefore

L T\h—0)
‘I = V4R, (—) T
Ty .
The requirement of a constant current thus comes
down to the condition that a = g.
The exponent g of the resistance is approximately

equal to unity for ordinary metals. a should be about
4 when the heat dissipation takes place by radiation.
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With heat dissipation by convection, o may be
smaller, but it always remains considerably greater
than one. The result is that a constant current is
only possible when care is taken that the resistance
increases with an extraordinarily high power of the
temperature, and the heat dissipation increases with
an extraordinarily low power of the temperature.

The metals iron and nickel, which show excep-
tionally high temperature coefficients of the elec- -
trical. resistance somewhat above the magnetic.
Curie points, may in the first place be ¢onsidered
as materials for the filament. The values of
T/R dR/dT lie in a suitable temperature range
between 2 and 2.5.

In contrast to the heat radiation, which in-
creases with the fourth power of the temperature,
heat conduction and comvection, especially
with great differences in temperature between
filament and gas, show a much slower increase with
temperature. By using a light gas, such as hydrogen,

- the conduction can be made to dominate over

the radiation and the lowest possible value of
T/A dA[dT is thus obtained.

In order to obtain some idea of the: suitability of different
materials and gases, the quantities T/R dR/dT (continuous
lines) and T/4 dA4/dT (dotted lines) are shown for these
materials and gases in fig. 5 as functions of the temperature.
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Fig. 5. Continuous lines: T/R dR/dT values of different metals
as a function of the temperature (R, electrical resistance,
T absolute temperature). Dotted lines: T/4 dA/dT values
of a very thin wire for different gases and pressures (4 heat
dissipation of a wire in this gas). In the range where a con-
tinuous line lies above a dotted one, the corresponding com-
bination of metal and gas shows a descending characteristic.
The greatest descending range is that of an iron wire in an
atmosphere of hydrogen at a pressure of 10 mm.

If a continuous line and a dotted line intersect, the com-
bination in question of filament material and gas produces
a descending I-V curve. In the temperature range between
850° K and 1100° K the T/4 dA4/dT value for nitrogen. lies
relatively close to the T/R dR/dT value of iron. In this range
therefore an iron filament in nitrogen at ordinary pressure
would be suitable as a current regulator. In the case of most
metals ‘thie resistance is about proportional to the temperature

.
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(T/R dR/dT = 1), which is too low for the production of a
flat I-V curve. At very high temperatures the temperature
coefficient of heat dissipation in hydrogen and other light
gases is so low that it approaches the temperature coefficient
of the electrical resistance of tungsten. It has actually been
found possible to construct a barretter with tungsten in
helium.

Some details of the construction of Philips’ bar-
retter

The desired favourable conditions for cooling
are best realized by a straight wire. In order to
avoid difficulty in construction, however, the wire
is usually suspended in a zigzag form (fig. 6a)
or in the form of a spiral (fig. 6b). This has prac-
tically no objectionable effect if care is taken that
the surface of the bulb is not too small for the
energy dissipated. If it is desired to obtain a long
range of regulation the surface of the bulb must
be at least several sq.cm/watt.

I

a) b)
Fig. 6. Barretters.
a) The filament is suspended in a zigzag form.
b) The filament has the form of a spiral.

With a given diameter of the tube and a given
diameter and temperature of the filament, an
increase in the heat dissipation can be attained by
making the cross section of the filament and/or
of the tube flattened instead of circular. This pos-
sibility is successfully utilized in regulators for
heavy currents with relatively small dimensions.
In such valves the heat dissipation is naturally
often insufficient so that the regulation range is
relatively short. Fig. 7 gives an example of the way
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in which the regulation curve is improved when the
circular wire is replaced by a flat strip.
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Fig. 7. I-V curve of a barretter, dotted line: filament with
circular cross section; continuous line: flattened filament
(thickness !/,, of breadth). The improvement in the con-
ditions for cooling resulting from the flattening has resulted
in an increase of the range of regulation.

Special measures were necessary in the construc-
tion of regulator valves for low currents. If such a
valve with a filament of pure iron is connected
to the alternating current mains, it is observed
that the filament shrivels, as a result of the tem-
perature fluctuations, and becomes so short that
it quickly breaks. In order to prevent this hap-
pening, care must be taken that the transition
point between the a-modification and the y-modifi-
cation of the iron is not passed through during the
fluctuations in temperature. Fig. 8 shows two iron
filaments each of which has repeatedly been heated
to red heat, that on the left just below, that on the

Fig. 8. The iron filament in the left-hand lamp was heated 50
times to 900° C, that in the right-hand lamp 25 times to 1150° C.
The latter is very much shrivelled and shortened, while the
first has remained absolutely smooth. The cause of the shrivel-
ling lies in the fact that there is a phase change at 906° C of
the iron between the a-modification (lower temperature) and
the yp-modification (higher temperature).
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right just above the transitionpoint (906 °C). The
‘left-hand filament is quite smooth and bright, the
right-hand one is badly shrivelled. »

" With filaments of a nickel-iron alloy, which has
‘no transition phase, these difficulties are not en-
countered, and current regulators with low regula-
“tion current can be made for alternating current
also. The relation between the maximum and the
minimum voltage of thé regulation range need
only be slightly less favourable with these barret-
. ters than with those having pure iron filaments.

Circuits containing barretters

Since the current in the regulation range of the
barretter lamp is fixed, a separate type of lamp must
be used for each current. There is in principle no
limitation of the current. It is, however, advisable
to use several lamps in parallel for currents greater
than 6A, because the heating up time of 6A
barretters is several seconds, and increases ap-
proximately with the square of the current.

For different regulation ranges of the voltage
a separate type of valve is also necessary. The
voltage, however, need not be adjusted so accurately
as the current; it is only necessary that the variations
in voltage occurring fall within the regulation range
of the valve. Barretters are made with voltages
up to 240 volts in the middle of the regulation
range. The connection of several lamps in series is
not immediately possible. If the barretters do not
have exactly the same current in the regulation
range, then, when I is the current through both,
the barretter lamp with characteristic a (fig. 9) will

J

7
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2}
T .

0 £
25732

Fig. 9. Two barretter lamps of the same type with slightly
differing characteristics .may. have quite different working
points P and @ at the same current. Because of this regulator

lamps may not be connected in series.

adjust itself to the working point P, and the tube
with the characteristic b to point Q. This destroys
any possibility of regulation, because at the mo-
ment when lamp @ assumes its regulatory function,
bis already'fully loaded and every further increase
in the load damages barretter tube b.
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Two applications of Barretters

As an example?) of the application of bar-
retters let us try to decrease the current fluc-
tuation of a tungsten lamp, a carbon filament
lamp or a constant resistance on a variable. mains
voltage. To do this, we represent the V-I charac-
teristic of the regulator at the working point by
the equation

AV, AT
v, 171

(4)

For a constant resistance ¢ = 1; for an absolutely
flat characteristic § = oo . We shall take the
rather low value of ¢ = 10 for the resistance tube,
which is therefore not a very flat I-V characteristic.
For the voltage ¥y on the load, for example an
electric lamp, a similar equation holds

© AVg_ AT

s 5

where p, for tungsten filaments for instance, is
about equal to 2, and for carbon filament lamps
is about 0.7. From-(4) and (5) it follows that

lAVgl_ 1 4V,
P Vgl qg

Now the total variation in the Voltvage of the
mains is . :
AV =A4Vg+ AV;, or according to (6)
g ¥ ‘
AV = AVy+ = —— A V,,
o & p Vgl 8

from which it follows that

“AVy AV pV

Vgl v PVgl.‘l"q Vr,.

AVg a4V 1

Vg — = 7 e (7)
- gl' 1_|_(_q___1)_?° '

. p V

The relative Voli:age fluctuations on: the lamp

are thus decreased more, the greater the portion
V;/V of the mains voltage destroyed by the r'eg-
ulator. In Table I are given several numerical
values for ¢ = 10; p = 2, p = 1 and p = 0.7.
" If a barretter is used which takes up half of
the voltage (V,/V =.0.5), the voltage fluctua-
tions’ of an ordinary electric lamp, a constant
resistance and a carbon filament lamp are reduced
to 33, 18 and 13 per cent respectively.

3) "N. A. Halbértsma, Elektrotechn. Z. 48, 512, 1927.
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Table I
AV, 4V
vV : Ve ¥
‘ p=2 p=1 p =07
0.0 1.000 1.000 1.000
0.1 0.714 0.526 0.429
0.2 0.556 0.357 0.273
0.3 0.455 0.270 0.200
0.4 0.384 0.218 0.158
0.5 0.333 0.182 0.131
0.6 0.294 0.156 0.111
0.7 0.263 0.137 0.097
0.8  0.238 0.122 0.086
0.9 0.217 0.110 L 0.077
1.0 0.200 0.100 0.070

~ The considerations above refer only to stationary
- working states. '
occurs, it is usually not decreased by the current
regulator, and in some cases it is even reinforced,
since the cold resistance of the barretter is very
small. :

In the stabilization ‘of the heating current in
some radio sets it is necessary to take precautions
against these starting surges. In these sets there
is a small lamp for lighting the tuning scale con-
nected in series with the heating filament of the
indirectly heated cathodes. This lamp has a much
smaller heat capacity and might burn through in
the time necessary for the indirectly heated ca-
thodes to heat up. For the stabilization of this
heating current a special stabilizing resistor has been

When a starting current surge

constructed which has a semi-conductor as limiting
resistance in series with the filament. The size of
this resistance is about 2000 ohms at room tem-
perature; when, however, it is raised to 300° C
by the heat of the current, only 100 ohms of the
resistance remain 4)

4) Resistors of this material are also used as starting re-
sistances for motors, and have already been described
in this periodical by P. C. van der Willigen, Phlhps
techn. Rev. 1, 205, 1936.
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Upon switching on the set the current is limited
by the resistance of the semi-conductor to a small
portion of its running value. During the heating
up of this resistance the iron filament also becomes
warm and assumes its regulatory function so that -
the current never reaches too high a value.

The action of a semi-conductor in series with the
regulator valve is made clear in fig. 10. The upper

25316
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Fig. 10. Variation of the heating current in a radio receiver
with receiver valves heated in series as a function of the time
after switching on. Above: an ordinary barretter is.in
series with the filaments. Below: a regulator with a semi-
conductor incorporated in it is in series with the filaments.
The resistance, of the semi-conductor has a very high value
in the cold state, and therefore limits the starting suige of
the current. -

Ssec

curve gives the variation of the cirrént upon
switching on the heating current without a limiting
résistance, the lower curve shows the-variation of
the same when a starting resistance is used. In the
first case the starting surge is about four times
the running current, while the current reaches 10
per cent more than the running value at its
maximum when a starting resistance is used, and
reaches its stationary value only after several
seconds. In this final state the greater part of the

‘resistance of the valve is due to the iron filament,
-and only a small part is due to the semi-conductor,

so that the regulatory action of the iron filament
is manifested, and the current remains constant
within narrow limits when the mains. voltage

"fluctuates.
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SECONDARY ELECTRON

by H. BRUINING.

EMISSION

A discussion is given of the properties upon which the capacity for secondary emission
of materials and surfaces is based. A special study is made of the choice of material in
cases where, for the purpose of techmcal application, elther a very large or a very small

secondary emission is requu.'ed

Introduction

When a material, either a metal or a dielectric,
~ is bombarded by electrons having a certain speed,
a small portion of these electrons is reflected. The
greater portion penetrates into the layer which is
bombarded, and passes on its energy to the electrons
present in that layer; the latter electrons may,
when the direction of their motion is favourable,
leave the bombarded surface. We are then con-
cerned with secondary electrons. They can be
observed when an electrode capable of capturing
the electrons emitted is placed in the neighbourhood
of the secondary emitting surface.

In all tubes in which surfaces are struck by elec-
trons we are concemed with the phenomenon of

“secondary emission”. Among such are radio valves,

cathode ray tubes and the like. There are a number

of cases in which the secondary emission is a disturb-
ing factor, so that efforts are made to suppress it,
for example: the secondary emission of anode and
screen grid in a tetrode, the secondary emission of
the glass wall, the secondary emission of the grid
of a broadecasting valve. On the other hand there is
the possibility of making use of a hlgh secondary
emission; a well known application is the am-
plification of the electron current as in the electron
multiplier and the secondary emission valve. A
high secondary emission is further of importance
in the fluorescing screens of cathode ray tubes and
for the anode in the so-called dynatron. The tech-
"nical application of secondary emission will be

discussed in more detail in a subsequent article.

The intention of the examples just given is only
to make clear that it is important to be able to
prepare substances which emit either very many

or very few secondary electrons. 'We shall discuss
in this article the laws of secondary emission so

that it may be possible to make a choice of matenals
for technical apphcatlons

Determination of the capacity for secondary emission

The capacity for emitting secondary electrons is

always expressed in the number of secondary elec- .

__trons, which are freed on the average by one
primary electron. We shall indicate this ratio by
the letter 8. The factor § was determined in this

laboratory for a large number of materials with
the help of the apparatus shown in fig. 11). It
consists of a glass tube without cement or grease

28566

Fig. 1. Tube for the measurement of secondary emission of
different materials.

F = cathode, source of primary electrons.
. C = cylinder. .

G = electron gun.

T = target whose secondary emission is to be determmed

S = sphere, collector for the secondary electrons.

GS = bridge upon which F, C, G and S are mounted.

R = rod.

IP = iron cylmder attached to R. By means of a magnet
around IP the target can be drawn into the neck IV
of the tube. :

N = neck of the tube.

F,F, = tungsten filaments, by means of which the target
T can be covered by subhmatlon with the substance
to be examined. .

Ge = plate from which getter can be evaporated.

P = point where the tube is sealed off,

1) See also H. E. Farnsworth, Phys. Rev. 25, 41, 1925,

Vol. 3, No. 3 .,
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joints. The tungsten filament F is the source of the
primary electrons. This is surrounded by a cylinder
C which concentrates the electrons on the opening
of the canal G. The electrons passing through the
aperture of C are gathered into a beam by the elec-

. - tron gun G which strikes the target T. The second- -

25211

Triode for measuring secondary emission.

Fig. 2.

C & =-cathode (indirectly heated, may also be tungsten wire).
H = heating filamentof C. . .

G = grid. ’

A = anode. ‘

B = wall of bulb. *

P = connection to pump. -

ary emission of T is to be.determined. The second-

ary electrons are collected on the sphere S, and
the strength of the electron current to Sis measured.
For this purpose the potential of S must be slightly
higher than that of T' (10 volts is usually chosen as
the potential difference). The target T can be
covered with different ‘materials. For this purpose
it is attached to a rod R at the extremity of vhi¢ch
a piece of iron IP is fastened which makes it pos-

sible to draw the target into the neck IV of the tube -

by means of a magnet. The substances to be in-
vestigated are applied to heating spirals F,, F,,

“and can be deposited on the target by sublimation. .

It is also possible, though with less accuracy, to
determine secondary emission by means of a triode
(fig. 2). The cathode C, heated by the spiral
filament H supplies the primary electrons. The

" substance to be investigated is applied to the inner

side of the anode A, while the grid potential Vg
is chosen higher than the anode potential ¥,
so that the secondary electrons are drawn from the
anode to the grid‘G. A part sii of the primary
cathode current ij will be captured immediately
by the grid, and the current (1—=s) iy will reach
the anode. This latter will cause a current ig of
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seéondary electrons. If § is the coefficient of the
secondary emission of the anode surface, then

s = 6[(L—s)ig)] - - - - - (1)
0 may be determined by measuring the grid current
and the anode current separately. The anode

“current is
Cdg=(l—s)ip—is o (2)
The grid current is -

Cdg=sip i s (3)

By eliminating iz and i; in the equations (1), (2)
and (3) we find

: ig
o=1— :

(1—s) (ig + ig)
According to the above equation the anode current
iq = 0 corresponds to 6 = 1. This is immediately
clear. If every electron which strikes the anode
frees on the ‘average ome secondary electron, then
no mean charge is given to the anode and the
anode current disappears. With many materials
d is greater than one in a certain range of the anode
potential, and a negative anode current is the
result. . ,

The fact that a portion: (sig) of the primary
electrons are captured by the grid is a disadvantage,
since the factor s is difficult to determine accurately.
In the arrangement shown in fig. 1 this disadvan-
tage does not exist, and the method is more ac-
curate.

" Energy distribution of the secondary electrones

With the apparatus shown in fig. 1 it is also
possible to determine the emergy distribution of
the secondary electrons. If the potential of the

I'sip

IS Iy
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Fig. 3. Energy diétribution of secondary electrons emitted
by barium oxide. ’
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sphere S is taken lower than that of T, all the
electrons emitted by T cannot reach the sphere,
but only those which are emitted with sufficient
kinetic energy to overcome the applied counter
potential. Thus if the potential of the sphere is for
example 5 volts lower than that of the target,
the sphere is struck only by secondary elec-
trons with a kinetic energy greater than 5 elec-
tron volts. Fig. 3 gives an idea of the results of
such a measurement of the energy distribution
obtained with barium oxide. The potential of the
sphere S is plotted as abscissa, with the potential
of T set equal to zero. The ratio of . the secondary
to the primary current i/ip is plotted as ordinate.
The intention of the figure in this case is to show
that, when a secondary emission is desired, the
electrode which must capture the secondary
electrons must be at a higher potential than the
secondary emitting layer itself. If, however, the
desire is to avoid the capture of secondary electrons
such a counter field must be applied that the trans-
fer of electrons becomes impossible. It may be
seen from the figure, for example, that in this
case the secondary electron current decreases to
8 per cent of its original value when the potential
of + 30 volts is reduced to — 30 volts with respect
to the target T.

The relation between ¢ and -the energy of the
primary electrons

Figs. 4 and 5 show the dependence of the second-

“ |
Li2O+LipN
4 /’ ‘\
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Fig. 4. Secondary emission of:

I lithium deposited by subhmatlon in a high vacuum.

I nickel.
III lithium deposm:d in the presence of re51dual gases,
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ary emission J on the potential difference V)
between the cathode and the secondary emitting
target for different substances. It may be seen
that ¢ as a function of ¥, exhibits a maximum. The

5,5,

Ba0 .
yd 4

—

[

Ni ¥ia
: Ba 7
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Fig. 5. Secondary emission of:

I barium deposited in a high vacuum
II nickel
IIT barium oxide

occurrence of this maximum must be explained

“in the following way. With increasing potential

the number of secondary electrons freed in the
metal will increase, since the available energy
present per primary electron becomes greater.
On the other hand the primary eclectrons will
penetrate deeper into the material with increasing
velocity, so that the secondary electrons are freed
at greater depths, and are therefore more strongly
absorbed before they reach the surface. At a large
value of ¥}, the absorption apparently dominates

~to such a degree that the curve shows a maximum.

By means of an experiment which will not be
described here ) we have estimated the average .
depth at which the secondary electrons are freed
to be at least 20 layers of atoms in the case of
nickel at ¥, = 500 volts.

Substances with a high secondary emission

In this section we shall discuss the substances

%) H. Bruining, Physica 3, 1046 1936.
For other investigations of this sub]ect hy the writer the
reader is referred to:
H. Bruining and J. H. de Boer, Physica 4 473, 1937.
H. Bruining and J. H. de Boer, Physica 5, 17, 1938.
H. Bruining, J. H. de Boer and W. G. Burgers, Phy-
sica 4, 267, 1937.



A

MARCH 1938

which can be used when a high secondary emission
is required. The requirement made of these materials
is that they be able to give a secondary current
which is at least three times the primary current,
in other words, that the factor § be at least 3. We
shall compare the various surfaces with regard to
the factor § in their behaviour when bombarded
with primary electrons with an energy of 150
electron volts, since 150 volts is a suitable working

-voltage for the acceleration of the primary electrons.

The metals most commonly used in discharge
tubes do not have a high secondary emission. As
may be seen from fig. 4, for nickel 6 = 0.94 when
Vp = 150 volts, so that it is impossible in this way

to multiply electrons, that is to obtain more

secondary than primary electrons. Other metals
also of which electrodes may be made, such as
copper, iron, molybdenum and tungsten, are
useless for the same reason. ‘

The . secondary emission of all these metalsis
practically the same. This is not to be wondered at,
since the work necessary to bring an eclectron out
of the metals is of the same order of magnitude (4—5
volts) for all these materials. The question immedi-
ately arises as to the behaviour of metals with
lower work functions. Known representatives of
this group are the metals of the alkali metal group,
Li, Na, K, Rb and Cs, and the alkaline earth
metals, Be, Mg, Ca, Sr and Ba. Much less energy
is necessary to cause an electron to leave these
metals, as may be seen from the photoelectric and
thermionic emission. It has often been assumed

. that the secondary emission is analogous in its

behaviour, so that the .factor § of the alkaline
earth metals should be larger than that for in-
stance of Ni and Mo. It is found, however, that
metals with a low work function, at least in the Vi,
range with which we are concerned, have a lower
secondary emission than the metals with a high work
Sfunction. - _

In figs 4 and 5 the variation of § as a function
of V), is given for Li and Ba (curve I). Curves IT
give, for the sake of comparison, the variation of J
for nickel. This latter curve is reproduced in all
figures up to fig. 11. The measurements on the
metals Li and Ba, which readily form compounds
with residual gases (oxides, nitrides) have  been
carried out with the greatest care. Every effort
was made to obtain a good vacuum. If such meas-
ures are not taken, the results obtained are quite
different, as may be seen from curves III. Curve I11
in fig. 4 refers to Li which was sublimed in a tube

in which residual gases were still present, while

curve ITT in fig. 5 refers to a layer of Ba which had
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been exposed to dry oxygen for some time and thus

consisted mainly of BaO 3).

The.following conclusions may be drawn from
these experiments.

1. Secondary emissién}is determined by quite dif-
ferent factors than those which determine photo-
electric and thermionic emission. :

2. The compounds of the electropositive elements
form suitable surfaces for secondary emission,
but the pure elements themselves do not.
Layers of the alkali halides deposited by sublima-

tion have a high secondary emission. In tables I

and I results are given which were obtained in an
extensive series of experiments.

Table L. Secm’ldary emission of metals at Vp = 150 volts. )

Metal ) -Work function in
volts
Li 0.45 0.55 2.98
Cs ° 0.55 1.81
Be 0.52 3.16
Mg 0.90 ’ 2.42
Ba 0.63 2.11
Al 0.86 2.96
Cu 0.90 . 4.30
, Ni 0.94 5.03
Fe : 0.97 4.11
" Mo 1.00 4.15
w T 075 4.52

For practical use the secondary emitting sub-

stance must not only possess a good factor J, but
this value, moreover, must, not change during
emission. Many compounds with a high secondary

Table II. Secondary emission of compounds of electropositive
elements at VP = 150 volts.

Surface : é
Li, sublimed in poor vacuum- - ¢ o+t oc v 3.25
NaClL « « » = = « - e 4.0
O . 4.45
RbCl ................. . 4,.15
CsCl « - + ¢« « « « « e e e e e e e e . 4.55
Cs, oxidized in dry oxygen. + - - = + =~ - : 3-4
MgO « + + + » v s s . 2-6 1)
BaO .+ + - e e e e e e e approx. 3
Al, covered with a thin layer of oxide . - - - - 2.1

3) The contention is often encountered in the literature that
elements with a low work function are good secondary
emitters. This idea is based upon results of measurements
on (probably) oxidized surfaces.

4) With this surface, which consists of small particles, the
factor ¢ is very much increased by the external applied
field. This is more or less the case with all the compounds
mentioned here, see fig. 3 for example.

e

© ol
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~ emission have the property of decomposing during
emission, and forming metal agglomerates, which
naturally causes a fall in the value of §. In this
respect the most satisfactory results up to the
present have been obtained with MgO whose § value
remains very constant with time. The alkali
halides are useless in this connection. -

Mechanism of secondary electron emission

In connection with the above-described results
it is important to find out whether compounds of
- metals with a less pronounced electro-positive
character also have a larger 6 than the metals
from which these compounds are. derived. From
table III it may be seen that this is not the case.

We shall now discuss what we consider to be the -

reason for this.

Table III. Secondary. emission of compounds of metals with
a high work function at V, = 150 volts.

Compound -~ Secondary . Secondary emission
emission of the pure metal
MoS, - 0.9 1.00
MoO, ~1 1.00
. WS, 0.77-0.85 0.75 .
Cu,0 0.99-1.05 0.90
Ag,0 ~1 1.05

As already mentioned, a primary electron passes
on its energy to the electrons present in the ma-
terial, and therby loses its kinetic energy along its
path through the material. The kinetic energy
is not passed on to a single electron; it is lost by
“stages™; several electrons receive an impulse
from the primary electron. o 4

In order to find out what happens to these elec-
trons we shall first consider a simpler case and
recall experiments by Franck and Hertz. They
studied what happens when the atoms of a gas
or metal vapour are bombarded by electrons. In
this- case also the kinetic energy of the imping-
ing electron is passed on to electrons of the
- material. It is found, however, that the latter elec-
trons cannot take up every arbitiary amount of
energy, but only very definite amounts. For
example, the electrons of mercury atoms are unable
to take up smalleramounts of energythan 4.8 electron
volts. This is shown by the fact that electrons with
a smaller energy suffer practically no loss of speed.
Electrons which have passed through a somewhat
greater potential difference than 4.8 volts, however,
suffer a very great decrease in speed and their

energy is for the greater part transformed into '

Vol. 3, No. 3

the well known ultra violet radiation of Imercury
vapour. If a beam of electrons falls upon a solid
metallic compound a similar phenomenon takes
place. There is a minimum amount of energy which
can be taken up by the electrons. This amount is
indicated by ¢, in fig. 6. It will make a great dif-
ference whether this energy ¢, is larger or smaller
than the energy u which the electrons need in order
to leave the metal (the so-called work function).

In the case of compounds of the alkali metals
g>u (fig. 6a). All electrons which have received
an impulse from the primary electrons are thus
accelerated enough to overcome the work function,
and a large part of these electrons will actually
leave the material. In the case of compounds of
metals which are not strongly electro-positive
& < u, and only the electrons which have received
more energy than ¢, for instance &, from the pri-
mary beam, can take part in secondary emission.
The factor 6 is hereby considerably decreased.

&l &2 i & &2 U

a ‘ b 25951

Fig. 6. a) The work function u of compounds of strongly

electro-positive metals is lower than the minimum

amount of energy ¢, which can be passed on to

the electrons in the solid substance. -

b) With compounds of not strongly electro-positive
metal &< u.

Materials and surfaces with only slight secondary
emission ‘

In the following we shall discuss substances
and surfaces which have only a slight secondary
émission. According to.table I the metals lithium
and beryllium must be especially considered in this
connection. If these metals are used in tubes with .
a very high vacuum, they would indeed serve very
well, especially at large values of V), (of the order
of magnitude of 1000 volts for example). During
the experimental manipulations, however, there
will always be residual gases present (from the oxide
cathode, for instance) which combine with the
lithium or beryllium and give in that way a sub-
stance with a large factor 6. In most practical
cases a different kind of surface must therfore be-
sought. v

In any case the choice will depend on the particular
requirements made in practice. Thus for example
for the grid of a transmitting triode (tetrode or
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pentode), it is necessary that the secondary emis-
sion does not become too great over the Wwhole
range of V). The metal must, moreover, have a
high melting point. Zirconium and titanium are
suitable in these rcsp.ects. Both metals still have
more or less electro-positive characteristics, but
they are covered with a very thin film of oxide
when exposed to the air. Upon heating the oxide
film is dissolved in the metal 8), so that in-a very
simple way a metallic surface is obtained with a
relatively low §. The size of ¢ is shown in fig. 7.
The secondary emission of a molybdenum or tung-
sten grid can also be decreased by covering it with
a layer of ZrO,, and heating it to a high temper-
ature during evacuation. A zirconium surface is
probably obtained by reduction of the ZrO,.
Another method of keeping the secondary
emission low is found in a suitable macroscopic
structure of the surfaces. Up to now we have dis-
cussed only smooth surfaces. If a secondary
electron has overcome the work function in the
case of a smooth surface, it no longer encounters
any material hindrances in its further motion
(fig. 8). With a rough surfacé with a labyrinth-like
structure the situation is different. In such a case
there is the possibility that the electrons, after

1
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Fig. 1. Secondary emission of
I nickel
IT zirconium
III titanium

5) If this factor is too large as in the case of most of the

metals used for this purpose such as Ni, Mo, W and the

like the grid current as a function of the grid voltage
begins to show a negative coefficient of direction. See also
H. G. Boumeester, Philips techn. Rev. 2, 115, 1937.

%) This is not the case with the metals mentioned in table I.
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they have left the material, will again be captured
by a projection- of the rough surface.

There are numerous methods of preparing such
“labyrinth” surfaces. The surface may for example
be composed of vyery small particles forming a

Fig. 8. Rough and smooth surfaces. In.the case of the rough
surface a portion of the secondary electrons are captured by
the material itself, with the smooth surface they can escape
unhindered.

porous layer such as a layer of carbon black 7).
All carbon layers, however, do not have a porous
structure. Smooth layers of carbon can 'also be
prepared, for instance by painting a plate with
aquadag, which gives a layer built up of overlap- .
ping flakes of graphite. Fig. 9 gives a‘comparison
of the factor § as a function of V), for a smooth
and a rough carbon surface. From this figure it

‘'may clearly be seen that aquadag gives a greater

secondary emission than carbon black. .
It is possible to obtain other substances besides
carbon in this “black™ form; the same may be
done with many metals. One method is by sublim-
ing the metal in question in an atmosphere of one
of the rare gases. The atoms in the vapour state
collide with the atoms of the gas and therefore cover
longer paths before they condense on the wall.
The metal will then form conglomerates in the gas
which will be deposited -as such on the surface.
These conglomerates may reach a size of several
millimetres. The surface then appears black. Metal
deposited in a vacuum usually has a mirrorlike
surface. Fig. 10 gives an example of the difference
in the secondary emission of silver deposited res-
pectively in a vacuum and through an atmosphere .
of 1 mm of argon. ' ’

7) In this section we discuss only conducting materials.
With non-conducting materials, making the surface rough
may cause an increase in ¢.
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The black layer formed is not stable to temper-
ature in the case of many metals. During de-
gassing at a high temperature the black modifi-
cations often have the tendency to sinter (baking
together of the small particles to larger ones),
whereby the labyrinth structure disappears. The
surface then becomes grey. The sintering tem-
perature is much lower than the melting point,
but runs parallel to it when the metals are com-
pared among themselves. In general use must be
made of metals with a melting point higher than
2000° C. In this respect the black forms of tungsten
and molybdenum are particularly suitable. Carbon
black also, because of the high melting point of
carbon, has a high sintering temperature, but has

the disadvantage of often giving off much gas and -

of dissolving rapidly in nickel at about 1000° C.
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Fig. 9. Secondary emission of:
I aquadag
II carbon black
The behaviour of secondary emitting surfaces in a
radio valve

If it is desired to use a surface with very high
or very low secondary emission in a radio valve,
the coefficient of the secondary emission must
remain constant during use. The electrodes of a
radio valve are not only exposed to a bombardment
by electrons, but are usually also gradually covered
with barium atoms which evaporate from the hot
oxide cathode.

Since metallic barium, as has appeared from the
experiments discussed above, has a low coefficient
of secondary emission, a surface with high secondary
emission will in general be spoiled by being covered
with barium atoms. Tt may therefore be necessary
to avoid havmg barium atoms strike the secondary
emitting surface. . :

It is also undesirable for a -surface with only
a slight secondary emission to be covered with
barium. There is a possibility that a gradual
oxidation will take place, and therefore that the
coefficient of secondary emission will increase
considerably. If we allow the oxide cathode of a
radio valve whose anode is covered with carbon
black to burn for 100 hours without applying an

s Nilemoot] T
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Fig. 10 Secondary emission of
I silver, deposited in a high vacuum
IT silver deposted through 1 mm of argon

anode voltage, we obtain a variation in the second-
ary emission similar to that of curve 4B in fig. 11.
If an anode voltage of 100 volts is now applied,
with an anode current of 40 mA, the factor § falls

" again during the course of 100 hours to its original

low walue. The adsorbed barium atoms apparently
disappear from the surface.This effect may be ex-
plained by a migration of barium atoms along the
surfaces of particles of the carbon black toward
greater depths of the carbon layer. The speed of
this migration is much increased by an increase
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Fig. 11. Variation of the secondary emission of carbon black
opposite an oxide cathode.
AB : V, = 0; no electrons reach the anode, secondary

emission rises with the time.
BC: ¥V, = 100 volts; electrons strike the anode, secondary

emlssxon falls to the oncrmal value.

of temperature. When a carbon black surface
of suitable’ structure is bombarded by electrons
strong local increases of temperature occur which
were estimated at about 300° Cin the case in ques-
tion.




MARCH 1938

AN

87

ALTERNATING CURRENT DYNAMO WITH A FLAT CHARACTERISTIC

FOR BICYCLE ILLUMINATION

H. A. G. HAZEU and M. KIEK.

A description is given of an alternating current dynamo in which the voltage at the ter-
minals depends only slightly on the number of revolutions. This dynamo is intended for
the feeding of a bicycle lamp, and is so constructed that when the bicycle is pushed at a
walking speed it is adequately lighted, while at high speeds the lamp still has a satis-

factory life.

Construction of the bicycle lamp dynamo type
no. 7405

For the supply of a bicycle lamp alternating
current dynamos are used not only of the type in
which the permanent magnet is the stator and the
winding the rotor, but also dynamos in which the
winding is stationary and the permanent magnet
rotates. The latter construction has been chosen
for the Philips bicycle dynamo no. 7405, since,
among its other advantages, no brushes are neces-
sary, and therefore the possibility of poor con-
tacts is excluded. For the generation of the neces-
sary voltage at low speeds these dynamos must
have a relatively large number of poles.

The field generated by the winding tends to
demagnetize the steel magnet, and the demag-
netization depends upon the load. In order to keep
the resulting decrease in voltage as small as possible,
we have used the special magnet steel “ticonal”,
whose magnetic induction at the working point
is only slightly influenced by an alternating field.
The so-called reversible permeability which deter-
mines this property is equal to only about 2. The
induction B thus varies only slightly with the field
strength H, and is not much greater in the metal
than in air. The permanent magnet then need have
no actual poles, but may simply be constructed in
the form of a smooth, thin-walled cylinder mag-
netized to have eight poles.

As may be seen in the opened dynamo shown in

o digiig i)

Fig. 1. Photograph of an opened bicycle dynamo type no. 6405.

fig. 1, the cylindrical magnet rotates within eight
laminated pole shoes which run parallel to the axis
and are joined above to form eight U-shaped mag-
netic circuits. Above the magnet a coil is wound
about these projections in such a way (cf. fig. 2)

o

Fig. 2. Sketch of the construction of the bicycle dynamo.
Above, a horizontal cross section. and below, a cross section

through 4B.

that the energy fluxes through the projections
which lie within the coil are opposite in direction
to those through the projections which lie outside it.

Method of obtaining a flat characteristic

In designing a dynamo suitable for a bicycle

621.313.322 : 629.118.3
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lamip it is desirable that it be so constructed that

it is not only able to supply the necessary current

of 0.5 to 1 A with the usual voltage of 4 to 6volts
at the normal speed of a bicycle of 13 to 15 km (8

or 9 miles) per hour, but that the lighting of the

bicycle be adequate when it is pushed by hand at
a speed of about 4 km (21/, miles) per hour.
Moreover at a speed of 20 to 25 km (14 or 15 miles)
per hour which for instance is the normal speed of
tandems the voltage must not rise to such an ex-
tent as to cause the lamp to burn out.

If the leakage of the magnetic field, the losses
and the field generated by the currents in the
armature itself are neglected, the voltage of such
an alternating current machine is directly pro-
portional to the speed of its rotation, as is in-
‘dicated in fig. 3, curve a. The light intensity of

E

] | 2

—= 1 25627

TFig. 3. Variation of the voltage at the terminals E of a dynamo
_with speed of rotation n. Curve @, non-loaded, and b,
load of one or more lJamps.

the lamp would then increase very rapidly with
the speed of revolution, because a 1 percent
increase in voltage on.the lamp means about 3.5

per cent increase in the light intensity. However

the requirement is made of the bicycle dynamo
designer, that the construction of this alternating
current dynamo be such that, upon being loaded
with one or more bicycle lamps (for instance
with both a front and a rear light as is now

required by law in the Netherlands), a loss in

voltage will occur, such that the voltage at the
terminals depends upon the speed of  rotation
in the manner shown in curve b, fig.-3. In order to
obtain such a relation the loss in voltage must
increase more rapidly than the speed.

We shall prove in the following that a behaviour
like that given in curve b'is that of every dynamio,
and we shall discuss the measures which may be
taken to bring it about that the current hecomes
constant at as low a speed as possible.:

.. If w be the number of turns of the winding,

Vol. 3, No. "3

& the flux enlosed per turn, then the EMF ‘generated

E=—w—-
. ' de
If we assume that the flux alternates sinusoidally
as a result of passing the magnet poles, we may
write:

E=—wjowd, - - (1)

‘The flux @ is generated partly by the permanent
magnet and partly by the current I in the winding.
This second part will be approximately propor-
tional to the current, so that:

..... @)

It fc,;llows further from (1) that, when we intro- -
duce the total resistance R of the winding and the
lamp: '

[=Z=——=_@. - (3)

By eliminating @ from equations (2) and (3)

we finally obtain:

wow D,

TRE I w? w? C?

—wjow D,

.= m, therefore IIl =

@)

At a small speed of rotation the inductive
resistance w w C is still small with respect to R,
and the current therefore increases proportionally .
to the speed. At a high speed, ww C ) R finally,
and the current supplied becomes constant.

Equation (4) shows the essential point in the
construction of a bicycle dynamo. The product
w w C must become large with respect to R for
the lowest possible riding speed.

We shall consider the three factors of this
product in detail. ’

The number of turns in the winding w

If there is a definite: amount of space-available -
for the windings of the coil, when w is increased,
not only w w C increases, but the internal resistance
rises even more rapidly and R with it. Therefore
an optimum number was found to be about 200;
with this the dynamo has an internal resistance of
about 4 ohms. '

The frequency w

The frequency w is given by the product of the
number of poles and . the- speed 'of rotation.
A large number of poles is thus an advantage. In
this respect the design of the dynamo in question
is very advanced. A magnet with eight poles and
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- having the small dimensions desirable in a bicycle
dynamo could only be realized by using a magnet
steel which, as a result of its low permeability at
the working point, is only very slightly influenced
by the demagnetizing field. Such a steel is the

above-mentioned “Ticonal”. :

- The constant C -

. The constant C indicates the flux through the
coil which is generated by a current of 1'A. When the

dynamo is constructed with no magnetic leakage, so -

that all thelines of force of the coil must go through the
. magnet, the flux is not very great because the mag-
net has a rather low permeability. For this reason
the leakage is expressly made gfeat by having

the windings on projections of laminated iron -

which extend considerably beyond the winding

~ . and then run parallel to each other over quite a
long distance and at a relatively small distance

from each other (cf. figs. 1 and 2). The magnetic
field of the winding can then be closed across these
projections without the magnet being coupled.

Influence of eddy current

Since large losses of voltage must occur if the
characteristic is' to be flat, it might be thought
that eddy currents would have a favourable
influence on this factor. This is actually found to
be the case; the loss of energy due to this cause
is, however, not allowable in practice.

As previously explained in this periodical 1),
the eddy current losses may be represented by a
resistance depending on the frequency, whichis in pa-
rallel with the winding, and therefore also in paral-
lel with the lamp. The loading resistance R is hereby
reduced and the current will, according to equation
(4), become larger and already reach a constant
value at a lower frequency. In order to obtain a
strong effect by this means, however, the ‘parallel
resistance due to the eddy currents must be small
with respect to the external loading resistance.
This results in the fact that the greater part of the

energy is used to no purpose, and the dynamo

drives too heavily. This may cause slipping.

This possibility of improving thé shape of the
characteristic therefore cannot be utilized. On the
contrary, eddy currents must be avoided as much
as possible. For this purpose the whole magnetic
circuit is constructed of transformer stampings
of less than 1/, mm thick.

- Data of Bicycle Dynamovape No. 7405

This dynamo has an internal - resistance R; of

1) J. W. Kéhler, Philips techn. Rev. 2, 194, 1937.
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4.1 ohms. At a speed of 14 km 9 m. p- h.) the nor-
mal voltage of 6 volts is delivered with 0.5 A, and
at 38 km (24 m. p. h.) the voltage rises only to 7 -
volts. The no-load voltages are then however 24
and 57 volts respectively. In fig. 4 the no-load
70{ )
60r
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Fig. 4. Voltage in volts and light flux in lumens as functions

" of the riding speed. Curve e gives the variation of the no-load

voltage and b the terminals voltage with the load of a lamp
for 6 volts and 0.5 A. In the light flux curve the length of
life of the lamp corresponding to the light flux also is indicated.

characteristic is given (a) and the variation of the
voltage at the terminals (b) as a function of the
riding speed when loaded with an ordinary bicycle
lamp taking 1/, A at 6 volts. We see from this
that at a speed of 9 km (6 m. p. h.) the terminals
voltage is still 5 volts, and that it decreases only
to 4 volts at a speed of 6 km (6 m. p. h.), so that
even at the lower speed the bicycle is adequately
lighted. Further it may be seen from the no-load
characteristic that the eddy current losses are
relatively small. If there were no losses at. all,
the no-load characteristic would be straight (dot-
ted), so that at 30 km (20 m. p. h.) the voltage
would be 54 volts. This value is decreased by
only 8 volts to 46 volts, due to the eddy currents,
as may be seen from curve (a).

Moreover fig. 4 (c) also shows how the hght flux
in lumens varies with the speed, and the length
of life of the lamp is also indicated for several
values of the light flux. It may be seen that at the
normal speed of 15 km per hour (10 miles) a light
flux of 36 lumens is delivered and the lamp has a
satisfactory’ life. At the very high speed of 27 km -
per hour (18 m. p. h.) the light flux increases only
to 53 lumens, and the life of the lamp is 10 hours.

In fig. 5 the so-called external characteristic

" of the dynamo is given, that is the terminal

voltage Ry, the current I and the energy delivered W
as a function of the external resistance R, at a
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constant speed of 13.5 km per hour (8!/, m. p. h.).
From -the short circuit current of 0.58 A at

A
12106 Ex
10105
8r04 J
6103
L 4
4t02
Y - i — 1
& e s W
2ro1 z
-
0 I 1 L 1 ! 1
0 5 10 15 20 25 300

Fig. 5. Terminals voltage E,. current I and power delivered
W as dependent on the external resistance R ; the so-called
external characteristic of the dynamo. The power delivered W~
is indicated by a dot-dash line for a dynamo provided with a
winding of 140 turns, in contrast to the final construction with
200 turns.

Ep = 0, the current I decreases with increasing
R,, and the voltage increases. The power deli-
vered reaches a minimum between 20 and 30 ohms
external resistance. For the sake of comparison
an indication is also given (dot-dash line) of the
way in which the power delivered W’ wvaries
when 140 turns of the same wire are used instead
of 200, the number which was used in the final
model. As was to be expected the maximum
power for 140 turns occurs at a smaller external
resistance.

If a lamp of 12 ohms for 6 volts and 0.5 A is
used, the power delivered lies below the maximum,
but a very flat characterisitic is then obtained,
as is shown in fig. 4. When the dynamo is used care

Yol. 37, No.r3

must be taken that the lamps in parallel with each
other together take up a current at the terminal
voltage supplied which is equal to the current in-
dicated for the dynamo. If it is desired to use a
lamp for 6 volts and 0.05 A for the rear light
(required by law in the Netherlands), a head light for
6 volts and 0.45 A must be used when the dynamo
is for 6 volts and 0.5 A.

Besides the original model for 6 volts and 3 W,
dynamos constructed on the same principle for 8
volts and 4 W and for 10 volts and 4.5 W are now
supplied. In fig. 6 a bicycle dynamo type no. 7405
with accompanying head light is shown.

Fig. 6. Photograph of a bicycle dynamo type No. 7405 with
the accompanying head lamp.
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'THE USE OF THE “PHILORA” HP MERCURY DISCHARGE LAMP
IN AN ENLARGING APPARATUS

by J. A. M. VAN LIEMPT. *

When a “Philora” HP mercury discharge lamp is used as the source of light in an enlarging '
- apparatus, the exposure time can be considerably reduced, so that it is possible to work .
with silver chloride paper and with plenty of yellow light while adjusting and developing.

An ordinary electric lamp is usually used as a
source of light in an enlarging apparatus. The power
of this lamp must be limited to several hundred
watts at the most because of the dimensions of

the apparatus and with the heat development of

the lamp. l .

- Since when ordinary silver chloride contact
paper is used the exposure times are i'elati\vely
long, much use is now mdde of bromide paper,
which is so much more sensitive that the exposure
time can be shortened about 100 times. This is a
great advantage especially in repetition work. The
disadvantage of this paper, however, lies in the
fact that it is somewhat more expensive and-that
in the dark room, the yellow light must be replaced
by the weaker orange or light red light, under
which it is more difficult to judge contrasts, es-
pecially in the darker parts of the picture. For
these reasons experiments have been carried out by
‘the court photographer P. Ziegler in The Hague,
by the firm of Boomen in Amsterdam as well
as by the writer of this article with the HP mer-
cury discharge lamps which radiate relatively
shorter wave lengths, and especially with the HP 300
lamp as a source of light. Normal contact printing
paper was used. Since these lamps are supplied
with the discharge tube placed at the geometrical

axis of the lamp, the lamp must be placed perpen-
" dicularly to the axis of the tube of the enlarging
apparatus. There would otherwise be a disturbing
black spot in the middle of the positive as a result
of the fact that the lamp radiates only a small
amount of light in the direction of its axis.

It was found that the exposure time necessary
to produce a good print can be about /5, of that
required by an ordinary electric lamp when the time
is recalculated for the same energy, and about 1/,
of that necessary with an ordinary electric lamp,
_recalculated for the same light flux. This means actu-
ally that when a mercury lamp of the type HP 300

(75 W) is used instead of an ordinary lamp of 200 W,
and with normal silver choride contact printing
paper, exposure times are just as short as those
otherwise attained only with bromide paper.

There is in addition the great advantage that
one no longer need use light red light, but may

again work with yellow light. As a source of

yellow light, sodium light is highly to be.recom-
mended ). With this source it is possible to have

a high intensity of light in the dark room for the. .

making and developing of enlargements. The fact
that the picture may be judged under normal
intensities of illumination is very favourable to the
result. With the much weaker red illumination it is
impossible to distinguish the finer contrasts and
the picture gives too hard an impression (and too
dark in the shadow paits), so that one is always
inclined to stop the development too soon.

" The small heat development of the HP 300
mercury lamp, which is a favourable feature in
any case, makes it poséible in speed work, such as
is often necessary in press photography, to enlarge
the still wet negative, whlch has only been fixed
but not washed, with less risk than when ordinary
electric light is used whtre there is danger of the
gelatine film becoming soft and blurring.

On point must still be noted. The cheaper
enlarging apparatus has a lens which is only
moderately achromatic. In many cases this will
present no difficulties, but with special negatives
such as those of line drawings and the like when
printed on soft paper, there will be some difficulty.

When mercury light is used the possible achro-
matism of the lenses is somewhat more pronounced,
because the composition of the light deviates from
that of white light. It is therefore advisable to use
a well corrected lens such as those supplied by
reliable optical manufacturers.

If it is found that the lens already in use is
unsatisfactory, improvement: may be obtained by
making the stop smaller. As a rule, for those
special cases a decrease to f. 9 is enough. This of
course is accompanied by some loss of light,
but the exposure time rémains so short that the
advantage of the use of a mercury lamp is still
very considerable. - ’ .

1) For the value of the “Philora” sodium lamp in photo-
graphy see Philips techn. Rev. 2, 24 19317.

621.327.3 : 771.44 771.318.5
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THE EXAMINATION

Vol. 3, No. 3

OF THE MACRO-STRUCTURE OF MATERIALS AND

PRODUCTS WITH THE HELP OF X-RAYS. IV

by J. E. DE GRAAF.

In a purely mechanical manufacturing process
the differences between the products produced
will in general be slight. It is usually sufficient
to examine samples only, since an irregularity in
the manufacturing process seldom occurs.

As soon, however, as the changeable human
being begins to take an important part in the
manufacture of the product, every article must
in principle be checked, at least when high quality
is important. This subsequent control is naturally
somewhat unsatisfactory, so that attempts are made
by means of work tests to determine the “value”
of the worker. In such tests maximum performance
only is usually determined, since the worker ap-
proaches such a test quite differently than he ap-
proaches his routine work: and in any case great
deviations from the test “value” may be expected
as a result of psychological and physical influences
and the like. In precise work considerable dif-
ferences have more than once been found between
work done at night and that done in the daytime,
or between articles made on Monday and those
made on Tuesday. By continually controlling
production with the help of X-rays it is possible
both to detect too dangerous mistakes promptly,
and to take measures toward removing the causes
of mistakes (by improving the illumination for
instance). The very presence of such a control often
has a strong preventive influence, which is manife-
sted not only in better work, but also in better
care of implements and tools.

One of the operations to which the above specially
applies is electric welding. Mistakes often occur
through nonchalance or ignorance, which mistakes
are different for every welder. These mistakes
must then be analyzed in order to be able
continually to point out to the welder his own
particular failings.

The diagnosis of mistakes in electric welding 1)

In the first place a distinction can be made
between mistakes in the welding process and
mistakes in the preparation of the weld. Among
the latter, for example, belong an incorrect form
of electrode and dirty plates.

In the second place a distinction can be made
') As in the precading articles (Philips techn. Rev. 2, 315,

350 and 377, 1937). The x-ray photographs are reproduced
in original size.

between, I, gas enclosures (circular dark spots
with sharp out-lines and heavy blackening), II,
slag enclosures (usually vague irregular limits)
and ITI, flaws of a linear form such as cracks
and imperfect joints (contrast closely depend-
ent on the direction of the rays 2). Several exam-
ples of these defects in butt welding are given below
together with an account of some of their causes.

With other welding rods than the used PH-50
(cf. Philips techn. Rev. 2, 135, 1937) the illustrated

faults only show unimportant changes.

A. Mistakes in the welding operations

Group I: Gas enclosures.

25198
Fig. 1. Gas enclosures.

Characteristics: circular dark spots often in
groups with relatively sharp outlines and heavy
blackening; their diameter is seldom more than
2 mm.

Causes: too long an arc (too little protection
from air); too heavy current (especially where the
welding has been done with the last short end
of the which
red-hot).

welding electrode, often stands

Group Ila: Slag enclosures entirely within
the molten metal.

25199
Fig. 2. Running out ?) of the slag on a flat plate.

?) Cf. Philips techn. Rev. 2, 351 (1937).
%) Under the term “running out’ is meant the fact that the
liquid flux (cf. fig. 16 of the article by J. Sack onWel-

539.26534.844
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Characteristics: a heavy line, sometimes
several mm wide with irregular curved outlines
and moderate to heavy blackening.

Causes: incorrect waving motion; the electrode
passes over the already molten slag and the drops

of iron fall to both sides of a slag channel.

i

25417

Fig. 3. Diagramatic representation of slag enclosures in the
V shaped weld groove. Footnote %) fig. 12 explains the
signifacation of the dotted line.

25200

Fig. 4. Running out of the slag in the grooves
between the convex surface of the first layer of
metal deposited (cf. fig. 3).

Characteristics:
lines, often of moderate blackness; interruptions
with the bent

narrow, vague, oscillating

often occur (sometimes ends
outward).

Causes: due to too weak current or too limited
waving motions the surfaces of the underlying layer
have become too convex and grooves are therefore
formed between them. (Other narrow grooves,
such as those at the bottom of a V-joint may lead
in this way to slag enclosures which have their

own special characteristics).

Fig. 5. Crater enclosure.

ding and Welding Rods in Philips techn. Rev. 2, 129,
May 1937) does not cover the material deposited (the weld)
but runs out over the cold surface of the work ahead of
the weld.
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Characteristics: a half-moon shaped spot with
the width of the weld, low degree of blackening and
sharpness; often accompanied by gas bubbles.

Causes: after an interruption of the arc, welding
is recommenced at or before the old crater, instead
of beyond it; slag runs into the hollow of the crater
when another layer is applied on top of it.

Group IIb: Slag enclosures between de-
posited metal and base metal.

As soon as there is any suspicion of the presence
of this kind of defect, X-ray photographs must be
taken with the rays incident along the original
boundary of the base metal, for instance along
the wall of the welding groove. This type of defect
may result in dangerous cracklike faults (im-
perfect joining).

25202

Fig. 6. The supply of heat to the groove is con-
tinually too low.

Characteristics: often a fairly broad line with
a straight sharp boundary at the wall of the groove,
extending over long distances.

Causes: the welding electrode was not directed
sufficiently into the angle between the weld and
the wall of the groove, so that the slag in that
angle was able to solidify. This is often due to the
postion of the welder, when it is such that he is
unable to see into the angle.

25203

Fig. 7. The supply of heat is very irregular and
often insufficient.
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Characteristics: enclosures limited by a
straight line along the wall of the groove and having
very irregular shapes and many interruptions.
Causes: too long an arc, which in the waving
motion jumps over too quickly to the wall of the
groove and heats the angle between the weld and

the wall irregularly.

25204

Fig. 8. Triangular enclosures.

Characteristics: triangular enclosures bounded
by a straight line along the wall of the groove and
sharply outlined, at fairly regular intervals (alter-
nately along both walls of the groove).

Causes: due to too rapid advance of the weld,
a zigzag layer was formed; between the wall of the
groove and the angles or curves of the weld, slag
is enclosed during the welding of the following
layer.

25205

Fig. 9. Undermining.

Characteristics: enclosures lying outside the
original limits of the weld, and having a wavy
outer boundary and a vague irregular inner boun-
dary; usually accompanied by the fault of fig. 6.

Causes: too long an arc (as in fig. 6) which melts
too much metal from the wall of the groove; in
depositing the following layer, the undermined
spot is usually filled with slag instead of with metal.

Group IITa: Imperfect joints.

25206

Fig. 10. Imperfect joints.

Vol '3, “No,..3

Characteristics: straight lines, usually fine
and without side branches lie along the walls of
the groove. They are almost always accompanied
by slag enclosures.
not fused
together with the base metal because of inadequate
supply of heat to the latter (for instance because

Causes: The electrode metal is

the arc was not sufficiently directed upon the
wall of the groove just as in the case of the defect
in one layer only in fig. 5; in fig. 9 the defect lies
higher up on the wall than in fig. 5).

Group IIIb: Cracks.

25207

Fig. 11. Cracks.

Characteristics: fine, often branched lines;
they are usually smooth in the base metal, while
in the metal deposited or along the wall of the groove
they are usually irregular; these defects are often
difficult to discover.

Causes: because of immoderate or irregular
shrinking the stresses occurring are too great to be
relieved sufficiently by flowing of the metal.

B. Faults in the preparation

" 25208

Fig. 12. Faulty cutting out of the groove for a
counter weld %).

Characteristics: a line close to the outer sur-
face of the counter weld, somewhat irregular and
often broken, with vague boundaries and slight
blackening.

Causes: the cutting out of the root was done
with a chisel which made too sharp a groove. The
slag ran out in this groove as in fig. 3.

4) After the V-shaped weld groove has been welded full,
in the case of thick plates the portion indicated by a
dotted line in fig. 3a (the “root”) is cut out, since this
portion is often filled with slag and badly deposited metal.
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Fig. 13. Faults in the filling of too narrow holes.

Characteristics: on a stereo-photograph which
gives a special impression of the enclosures, the
slag was found to be enclosed in the form of a
spiral.

Causes: in the too narrow hole the slag could
not be sufficiently well removed during the filling
of the hole with molten metal with a spiral motion.
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Fig. 14. Fault in the method of filling the seam.

Characteristics: at regular distances in the
seam occur collections of vague linear or pointed
enclosures of slight darkening.

Causes: a section of the seam about 30 cm in
length was completely filled, then a following
section, etc. The rough end of one finished section
was not cut out smoothly before the beginning
of the next.

ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN

J. van Niekerk and F. Franken: On

the influence on chicks of very large amounts

1251:

of antirachitic vitamine of animal origin

(Landbouwk. T. 49, 742 - 748, Oct. 1937).

The influence of the administration of large
quantities of vitamine D on the growth and death
of chicks is studied. The limitation of growth and
the death rate are found to be proportional to the
degree of the excessive concentrations of vitamine D.

These results are only observed with high over-
dosage of the vitamine. In connection with the
small concentration in which vitamine D appears
on the market, possible mistakes need cause no
anxiety as to a poisoning effect. If the administration
of vitamine D to chicks which have had too much
is stopped, they continue to grow normally. Finally
methods are given for the quantitative determination
of the poisonous effect of antirachitic preparations
with chicks as test animals.

1252*: R. Houwink: Die Viskositit in konzen-
trierter Lésung (Oesterr. Chem. Z. 40,
472 - 475, Nov. 1937).

The behaviour of concentrated solutions, which
is of such fundamental significance in colloid
chemistry problems and in the treatment of the
subject of highly polymerized materials is discussed
in this article (Cf. 1199).

*) An adequate number of reprints for the purpose of dis-
tribution is not available of those publications marked with
an asterisk. Reprints of other publications may be obtained
on application to the Natuurkundig Laboratorium, N.V.
Philips’ Gloeilampenfabrieken, Eindhoven (Holland),
Kastanjelaan.

1253: M. J.O. Struttund A. van der Ziel: Die
Ursachen fiir die Zunahme der Admittanzen
moderner Hochfrequenz-Versterkerrohren

im Kurzwellengebiet (El. Nachr. Techn.
14, 281 - 293, Sept. 1937).

From measurements carried out on high-frequency
amplifier valves, input losses, output losses and
reaction admittance are found to increase consider-
ably with the frequency for short waves. In contrast
to the usual conception that the cause of this must
always be sought in the transition times of the
electrons, it follows from many measurements that
1/, to 1/, of the input losses and practically all of
the output losses and reaction admittance must be
ascribed to induction effects inside and outside the
modern high-frequency amplifier valve of normal
type (AF 3 and AF 7 for instance). A general
theory about the influence of induction effects on
the admittances is proposed for different types of
valves. The formulae found agree with the measure-
ments, which is not the case with the formulae for
the influence of the transition times of the electrons
on the admittances of the amplifier tubes.

E. M. H. Lips: The
castings with relation to the “stress-free”
requirement (Metallbewerkung, 4, 289 - 291
and 309 - 312, Oct. 1937).

Non-uniform cooling of a casting causes casting

construction of

1254:

stresses. A description is given of what is meant
by non-uniform cooling, and in what way uniform
cooling, and thus absence of stresses in the casting,
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. can be promoted by giving suitable dimensions to
the casting. The experiments were carried out in
collaboration with the iron and metal foundry
“De Globe” in Tegelen.

1255: W.Elenbaas: Uber eine Kombination der
hydrodynamischen Theorie des Wérme-
iibergangs und der Langmuirschen Theorie

(Physica 4, 761 - 765, Oct. 1937):

Langmuir’s theory of the transfer of heat by

wires of various diameters to gases at various
pressures is combined with the hydrodynamic
theory, especially that of Nusselt.
" Langmuir’s theoretical curve, with a suitable
choice of parameters, agrees with the experimental
curve of Nusselt. By combination of the two
theories the transfer of heat in all diatomic gases
can be calculated with the help of a single constant.

1256: J.A.M.van L1empt and J. A.deVriend:
. Testing focal plane shutters (Physma 4,

811 - 827, Oct. 1937)

A description is given of the method by which
a focal plane shutter can be thoroughly tested with
the help of a cathode ray tube with respect to
shutter time, width of the slit, motion of each of
the blinds, time of exposure and efficiency.

1257: J. L. Snoek: Volume magnetostriction of
iron and nickel. (Physica 4, 853 - 862, Oct.

1937).

The volume magnetostriction is measured by
means of an aluminium dilatometer, in which the
thermal expansion of the test rod and of the filling
liquid due to the magnetocaloric effect are compen-
sated by the expansion of the dilatometer. This is
only exactly the case at a definite temperature,
but corrections can be applied for other temperatures.

At room temperature accurate measurements have
~ been carried out on pure iron and nickel. As was

to be expected, the slope of the line which represents .

the specific elongation as a function of the magnetic
field is scarcely influenced by the state of internal
stress of the test rod. There is, however, consider-
able parallel displacement. The change in the effect
with temperature is not greater than the experi-
mental errors. :

C. J. Bakker: On the efficiency of the
production of . artificial radio-active sub-

stances by slow’ neutrons (Physica 4,
863 - 870, Oct. 1937). o

. Solutions of various salts were irradiated with
neutrons from a radium-beryllium preparation in
order to produce  artificial radioactive elements.

1258:

" 1260*:

- Vol. 3, No. 3

The efficiency in the production of radio-chlorine
with a half life of 35 min was 19, radio-bromine,
half life 18 min: 169, radio-bromine, 4 hours:
7%, radio-bromine, 36 hours: 0.6%,, radio-iodine,
35 min: 39, and radio-manganese, 2.5 hours: 6%,.

Minimum values were determined for the capture'
cross section for slow neutrons.

1259: E.M. H. Lips: Hirtemessungen an Gefiige-
_bestandteilen (Z. Metallk. 29, 339 - 340,

Oct. 19371

The measurement of the hardness of structur. ral
components is described (of Phlhps techn. Rev R
179, 1937).

C. J. Dippel: Reversible and irreversible
. _phenomena in the adsorption of.vapours
on salt surfaces deposited by sublimation

.(Chem. Wbl. 34, 676 - 678, Oct. 1937).

The molecular relation in the adsorption of
caesium and iodine on sublimed calcium fluoride
is not constant. This may be explained, in connec-
tion with other investigations, by means of the
assumption that this relation is actually the product
of a pure adsorption relation and a relation of the
areas of the surface.

Under the influence of the adsorption of caesium
the available portion of a calcium fluoride surface
may become greater (opening of space between
lamellae) due to a kind of swelling. This is partially

‘reversible and partially irreversible, since a portion

of the substance adsorbed in held by irreversible
bonds. This hypothesis also offers an unforced
explanation of the adsorption hysteresis found in
the adsorption of iodine.

1261: A. E. van Arkel and J. H. de Boer:
Supplement to “Chemische Binding” (31
pages; Centen, A’dam 1937).

In this supplement to the book ,,Chemische
Binding als electrostatisch verschijnsel” published
in 1929, the authors have summarized some of
the most important points regarding which theories
have been developing rapidly in recent years.
Among other features, the formation of complexes .
and the phenomenon of condensation under the ‘

_influence of van der Waals’ forces are discussed.

M. J. O. Strutt: Measures des constantes
_ caractéristiques de quelques penthodes
~ haute-fréquence pour des fréquences de .

1,5 & 300 mégacycles par seconde (Onde_

él. 16, 553 - 577, Oct. 1937). :

This article is a French version pf 1243.

1262:
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VOLTAGE REGULATION OF DIRECT CURRENT GENERATORS BY
' . MEANS OF TRIODES ‘

by N. A. J. VOORHOEVE and F. H. DE JONG.

The variations in the voltage from a direct current dynamo can be diminished by regu-
lating the excitation current in relation to the terminal voltage. A very accurate regulation
can be attained by using as excitation current the:anode current of a triode amplifier valve

_ whose input voltage is influenced by the variations of the terminal voltage.

A triode regulator working on this principle is described in this article. By means of

various examples attention is drawn to the very effective characteristics of this arrangement.

A direct current generator delivers a voltage
which exhibits certain variations depending on the
load  and on accidental circumstances. These
variations can be diminished by regulating the
excitation current in relation to the terminal
voltage. This can be done by varying a resistance
".in’ the excitation circuit of the generator or of the

separate exciter. :

For rapid and accurate regulation it is desirable
that the necessary variation of the resistance be
effected by a device which functions as nearly as
possible without time lag. Electronic tubes therefore
offer an ideal means of carrying out this regulation.

In principle‘such regulation can be carried out
with an arrangement such as that given in fig. 1.
" The circuit functions in the following way. When the
terminal voltage vy of the generator falls, due for
instance to a variation in the load, the voltage
at the grid of the triode T becomes less negative

b
L& Rb
Vb
+] Lp
o pWp
'W al) 26262

Fig. 1. Diagram of the circuit for regulation of the voltage with
a direct current generator by a triode in series with the field |
winding.

with respect to the cathode, so that the anode cur-
rent increases. The anode current flows through
the excitation circuit of the generator. The increase
of the excitation current works against the decrease
of the terminal voltage.

For very accurate regulation it will in general
be necessary not to conduct the variable terminals
voltage directly to the grid of the regulating triode,
but through a voltage amplifier. This voltage am-
plifier M is shown schematically in fig. 1.

Théory of the triode regulator

_ The most important requirements demanded of
a voltage regulator are the following:

I. The regulation must be accurate. The ratio

" in which the voltage fluctuations are decreased

by means of the regulator may be considered a
measure of the accuracy.

2. The'regulation must take place rapidly. Every
regulation device has a certain lag, so that upon
very sudden variations in load the voltage fluc-"
tuations are not diminished immediately.

_If, for example the load on the generator with
voltage regulation is suddenly removed, the volt-
age then wvaries as shown in fig. 2. It decreases
suddenly and then increases gradually again to
slightly more than its original value. According to -
the nature of the circumstances this adjustment
to the final value may proceed exponentially or with
a damped oscillation. In both cases we may charac- -
terize the speed with which the voltage approaches

621.313.13 : 621.385.3 : 621.316.722
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its final value by a time factor in a power of e, and
this factor, the damping constant, forms a measure
of the speed of regulation.

26093

Fig. 2. Variation of the terminals voltage upon sudden ap-
plication of the load.

In order to examine the possibilities offered by
the triode regulator in these two respects, we shall
study the action of the apparatus mathematically.
The following symbols will be used (see fig. 1):.

Laa Ra

self-inductance and resistance of the

armature circuit of the generator,

Ly, Ry self-inductance and resistance of the
load applied,

Lhs Vp current and voltage supplied by the
generator,

Pvb the portion of v, conducted to the
regulator,

m amplification factor of voltage am-
plifier M,

Tms Pm excitation current and voltage,

L. R self-inductance and resistance of the
excitation circuit,

U, Vg, R; amplification factor, grid voltage and

internal resistance of the regulator
triode,
Vgo> Lmo» Lho values of vy, iy, i corresponding to
an arbitrarily chosen stationary state.
The following equations can be set up. For the

armature circuit:
dz

T F (By - Rq) iy = EMF
t

(L + La) (1)

With slight variations of the excitatim‘l current
the EMF will vary linearly with ip,:
EMF = vy, + ¢;imm v @ ow s ()

The current i,, comes from the triode circuit. In this

circuit:
. . @ 1
(Em — img) = R; (Ug - ”go) = Ri' (Vm — Vmy);
where:
diy,
Vm — Umg = — R (tm — img) — L"Vd'?-
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Thus:
di;

e (vg—~vg0) = (Ri + Rp) (im —img) + Lm dtr

-(3)
The voltage fluctuations in vg originate from
fluctuations in the voltage of the generator by
voltage division and amplification in M.

Vg — Vgg = — mp - (1)[, S 1’bo) —
e A S dig
= —mp ¢y (im — img) — Ra (ip —1iby) — La ALl (4)
- ! din
If we eliminate v, — vy, i and d from equa-
t

tions (1) to (4) we find for i, a homogeneous linear
differential equation of the second order:

d?i, dip [ Sy 0
R) Sk

a0+ R (i 6)

dt

in which:
P = Ly, (Lb + La),
Q = Ly (R; + Ry + mppc,) + Lg (Ri + Rpm) +
+ Lm (Rp + Rq),
R = Ry (R; + Ry, + mppe,) + Ry (R; + Rp),
S = (vy + ¢1img) (Ri + Rm) +
+ mpp ¢, (”0 + ¢;img — Rq ibo)
= (v + €1 img) (Ri + Rm) + mpu c, vg, .
As is known, the general solution of differential

equation (5) can be written in the form of the sum
of two powers of e:

ip — SR = A; et + A, et - (6)

If this expression is introduced into equation (5)
the following quadratic equation is obtained for
a; and oy

Pa®—Qa+ R=0.

The solutions are:

Q ¥ R

op = N ap pr

Qi, Oy = (7)

We shall see later from examples that the square
root in equation (7) can be real as well as imaginary.
In the first case the current will approach its final
value exponentially according to the formula
below; in the second case in the form of a damped
oscillation. The following formulae are valid for

the two cases respectively:
e, 1/ @ &, e /e
‘ apr Pl 4, e \2P |

(8a)

R

ap: P

)
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and:

._ Q¢ R - 2
ib:i_l—e 2P<A COSt]/T’—:l«_%

+ A, sin ;]/——%) . (8b)

“where A, and 4, as well as 4, and 4, are arbitrary

constants. P, Q, R and S are positive according to
definition. From this it follows that the exponents
of the powers of e of equation (8) are always
negative; instability is thus out of the question.
The speed of regulatlon is determined by
_ different quantities depending on whether we are
concerned with equation (8a) or (8b).
The first casé, exponential adjustment, occurs

when Q2 > 4PR. In this case the speed of regulation -

is determined by the smaller of the two exponents
of the powers of e of equation (8a). This is: '

0 (1 ]’/‘1 4PR) _
“=2p T

In some practical cases Q2 will be much greater
than 4 PR, so that we may approximate the term

71 —4 PR/Q? by 1 — 2- PR/(Q? We then obtain:
R

ag = 6 . |
The second case, Q% < 4 PR, gives a damped os-
cillation according to equation (8b), the damping
- constant (f) is: '
| Q
= 3p
B Examples in the following will show that «, as
well as f may easily be equal to 3000 sec™, for
- instance, and.the regulation then takes only /3040
sec. '

Further discussion of the result

In the case of an oscillatory adjustment the following value

is found for the damping constant f = ——

2P
L, mpp. ¢; 1 R;+ R, 1 R,+ R, 9
ﬁ=2Lm(Lb+La) 27 L, 2L, +L, )
L] - . . ) R Q2 _ .
and for the frequency of oscillation: '/ P ip @
Rb(R+R +mpucl)+R(R+R)

L, @ F L) —#-0)

In the case of a dead beat adjustment ® is negatlve, the

damping is then determined by
- =f—7)—o

In general the loading resistance has an inductive component
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(L, > 0); in this case ff and w? as functions of the amplification
factor m vary qualitatively as shown in fig. 3a. For a suffi-
ciently high amplification w? will become negative; the damp-
ing constant, which at first increases with m, then becomes
smaller again and approaches the final value R,/L,, which no
longer depends upon the generator, but only on the loading
impedance. If, however, the load consists of a purely ohmic
resistance, then f§ and w® vary according to fig. 3b; an oscil-
latory adjustment cannot now be made exponential -by in-
creasing the amplification, and the damping of the oscillation
is not affected in this case.

26290

Tig. 3. Variation of a,, f and w* as functions of the amplifi-
cation m. In the cross hatched area of the abscissa an oscil-
lating adjustment must be made; outside of the area the
adjustment is exponential.

a)- The loading impedance has self-inductance.

b) The load is a purely ohmic resistance.

In order to estimate the accuracy of the
regulation we must find out how the final value of

. . S .
vp = 1p Ry, viz. vp = E Ry,

depends upon the loading resistance Ry (the self-
inductance Lp has no influence on the final value).
If Ry, and Ry are two different values of the loading -
resistance, then the difference between the cor-

_responding generator voltages is:

R, (Rb _'Rbo)
Ry Rpy (1 + Rq/Ryy)
_mpp.cy R,
Rithm TR

(vo + €1 Tmo)

(11)

Vb—vboé—

If voltage regulation is not dpplied the same ex-
pression,is obtained with m = 0:

R, (Rb - Rbo)
R Rbo (1+Ra/Rbo)

(v -+ €1 Tmo)

(vp—vbo)a=— (12)

1+—
Ry

The accuracy of regulation was defined above by

@5 — Vo)

N =
. (vp — vby)

?
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and from (11) and (12), therefore:

mp. ¢ R
.ﬁ+ﬁ'+l+Ra
N — i m 5 Lt b
1 a
= R,

In most practically occurring cases mpp.c; » R; + Ry,
and R, € Ry, so that by close approximation:

mp. ¢

- - (13)

It follows from equation (13) that the accuracy of
regulation increases proportionally with the volt-
age amplification.

Example:

In the case of a direct current dynamo of 460
volts, 2.5 kW with a triode regulator the following
values were observed:

m = 360 R, = 7.2 ohm
p = 1 resp. 0.1 Ry, = 585 ohm
¢, = 1700 ohm R; = 360 ohm
L, = Ly = 0155 H R,, = 1675 ohm
Ly,= 825 H
For p = 0.1 a damped oscillation and for p = 1

found. With the

help of the values given above the following values

a dead beat adjustment is

can be calculated for p = 0.1:

P = 82.5(0.155 + 0.155) = 25.6

Q = 0.155 (360 + 1675 + 0.1-360-6-1700) -
+ 0.155 (360 + 1675) + 82.5 (585 + 7.2) =

106500

585 (360 + 1675 -+ 0.1-360-6-1700) -+

R =

+ 2 (360 + 1675) = 216-108
and for p = 1:
Q = 620000 |,

P = 256 ; R = 216-107.

Fig. 4. Philips voltage regulator type 4142.
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From this it follows that:

for p = 0.1: g = 2080 sec’; N = 180,
for p =1 : ay = 4200 sec™’; N = 1800.
The lag is therefore only several ten thousandths

of a second, and the voltage fluctuations in the last
case are r¢duced to practically 1/, This shows
that a very rapid and very accurate regulation may
be obtained by the use of triodes.

Practical construction of the triode regulator

The Philips voltage regulator, type 4142, is
reproduced in fig. 4, the diagram of the circuit in
fig. 5. The method of functioning agrees in the main

b
i

+
%% }
1)
2 ] I I |
[ Z Z Z =
S S S S

Fig. 5. Diagram of a voltage regulator with triodes.

with the principle illustrated in fig. 1 and it can

easily be examined by means of the diagram given

in fig. 5.

The voltage amplifier M is a resistance amplifier.
The tetrode T serves as amplifier valve. The reg-
ulation voltage pvy is taken from the potentiometer
P and conducted via the grid battery b; to the
control grid g, of the tetrode. When the terminal
voltage vp increases the anode current of the
tetrode also increases, and the anode voltage de-
creases in consequence. This variation in voltage
is transmitted via a second grid battery b, to the
grid of a number of triodes in parallel, which supply
the excitation current. The anode voltage of the
triodes, like that of the tetrode, is supplied by the
generator. In order, however, if necessary to use
the tetrode with a higher anode voltage, point K
(anode voltage tetrode) has an extra external
lead.

The following points may be noted in regard to
the arrangement:

1. The regulator works with several valves con-
nected in parallel. This gives increased security
during action. If one of the valves develops
a defect the regulation proceeds practically
unchanged with the remaining valves.

2. In the anode circuit of each regulator triode
there is a small pilot lainp s and a fuse z. The
pilot lamp is extinguished as soon as the anode
current of the triode becomes abnormally small
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due to a defect. The fuse burns through, when
the current becomes abnormally great due to a
short circuit.

3. The grids of the regulator triodes are connected
to the grid battery through high resistances.
This prevents the total anode current (excitation
current) from becoming too great in case of a
short circuit between grid and cathode.

Some practical applications of the triode rapid
regulator

The special characteristics of the triode rapid
regulator, namely, very high accuracy of regulation
and very rapid regulation, make it suitable for use
where a very constant voltage is essential.

It may be used in laboratories, schools, instituti-
ons for the calibration of instruments and in towing
tanks for ship design. We shall briefly describe
the last two applications, where an expensive
accumulator battery needing much upkeep can be
replaced by a much less expensive converter instal-
lation with a triode regulator needing little attention.

Use of the triode regulator in a calibrating station

For the calibration of electrical meters the fol-
lowing is the usual method.

Separate alternating current generators driven
by a common direct current motor are used to
feed the voltage and current coils. In order to be
able to measure at different phase displacements
the voltage generator is provided with a stator
which may be turned about its axis.

During a calibration process the voltages and the
frequency of both generators must remain strictly
constant; this requirement is met when the direct
current motor is connected with a source of voltage
which has practically a constant voltage. A battery
of accumulators is commonly used as source of
voltage; the triode regulator makes it possible to
replace the battery by a converter with direct
current dynamo whose terminals voltage is kept
strictly constant by the regulator.

A triode regulator for such an installation is
shown in figs. 6 and 7.

The converter consists of a three-phase syn-

Fig. 6. Converter consisting of a three-phase synchronous
motor and two direct current generators of 22 kW.
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chronous motor coupled with two direct current
generators of 22 kW, which feed the three wire
system of 2 x 125 volts for the calibrating units.

26096

Fig. 7. Switch board for converter of fig. 6 with two built-in
Philips voltage regulators type 4142.

Fig. 6 shows the converter, fig. 7 the switch box
with Philips triode rapid regulators type 4142 built
in.

The values R, = 1055 ohms and ¢; = 330 ohms
are obtained by measurement from the generator.

The triode regulator is so adjusted that p = 1,
m = 500; the regulator triodes have an amplifi-
cation factor p. = 6 and an internal resistance of
1500 ohms.
parallel, so R; = 300 ohms. From this it follows
that: '

There are five triodes connected in

6-500-330

~ 1055 + 300

The fall in voltage from no load to full load without
regulation is 6 volts, with regulation the fall in
voltage is decreased to 6/730 = 0.008 volts.

The terminal voltage is 125 volts; the deviation
from the average terminals voltage with regulation
is therefore only - 0.03 per cent. It has been proved
by measurements that in practice, upon sudden
variations in the load, this very high accuracy of
regulation is actually attained. After longer times
the terminal voltage will in general show some-
what greater variations, because the grid battery
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voltages also exert an influence on the terminal
voltage. The percentage change of v, is equal
to the percentage change of the battery voltage.
With good quality batteries these changes proceed
very slowly, so that it is practically possible to
keep the terminals voltage constant within 0.1

per cent.

Application in the case of a towing tank

A triode regulator for the converter installation
of a towing tank was supplied to the Nether-

Fig. 8. Switch board of converter for 220 volts direct current
with built-in rapid regulator.

lands Shipbuilding Testing Station in Wageningen.
The towing truck used to draw models of ships
through the tank runs on four wheels. Each wheel
is driven by a direct current motor of about
20 H.P. The motors are excited separately from
direct current mains of 220 volts. The armatures
of the motors are connected in series with a maxi-
mum armature voltage of 145 wvolts per motor.
The running speed of the motors is regulated by
varying the armature voltage, and for this purpose
the armatures, in series with each other, are fed
from a circuit with a variable voltage from 8 to
600 volts.

Since the speed of the towing car during a test
must be strictly constant, it is necessary that the

Vol. 3, No. 4

voltages of the two direct current circuits be kept
accurately constant. This is done in the following

way.

26097

Fig. 9. Switch table for 72 kW

with built-in rapid regulators.

Ward-Leonard converter

The circuit of 220 volts is fed by a converter with
a synchronous three-phase motor and a compound
dynamo whose terminal voltage is regulated by
a triode regulator. For feeding the variable 600

volts circuit, which supplies the energy to the

motors of the car, a battery of accumulators is
usually employed. In order to avoid this expensive

and elaborate installation in the testing station,

Fig. 10. Truck for towing models of ships at the testing station
in Wageningen. The truck runs on two rails over a tank 10.5 m
wide, 5.5 m deep and 160 m long. It is driven by four motors
each of 20 H.P. fed with a voltage kept constant by means of
a voltage regulator.
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the battery is replaced by a Ward-Leonard con-
verter, consisting of a direct current dynamo of
72 kW with a 1.5 kW exciting dynamo supplied
from the 220 volts mains, both driven by a syn-
chronous three‘phase motor.
" The terminals voltage of the direct current
dynamo is kept strictly constant — at all values
used between 8 and 600 volts — by a triode rapid
regulator which is included in the field c1rcu1t of
the exciting dynamo. :
Fig. 8 show the switch board belonging to the
220 volts-converter with Philips triode regulator;

VOLTAGE REGULATION OF GENERATORS BY TRIODES
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fig.9 shows the control table for the Ward-Leonard

converter; the triode rapid regulator may be scen
in front. Since the number of regulator triodes had
to be doubled in this case, they are housed in two
similar cabinets. In fig: 10 may be seen the towing
truck which runs on two rails over a tank 10.5 m
wide and 160 m long. :

The installation has already been’ workmg for
several years. The saving obtained by the instal-
lationn of converters with triode rapid regulators
instead of batteries of accumulators has in this case
amounted to £ 1650.—.

THE BEHAVIOUR OF AMPLIFIER VALVES AT VERY HIGH FREQUENCIES

M J. 0. STRUTT and A. VAN DER ZIEL.

The properties of amplifier valves may be characterized by four admittances (reciprocals
of impedances): the slope, the output admittance, the lnput admittance and the reaction ,

admittance.

(3

These admittances are in general coniplex. The real part is constant at broadcastmg
frequencies, and can therefore be considered as a resistance; the imaginary part is propor- X
tional to the frequency and may be considered as a condenser. ¢ i
With ultra short waves there are deviations from this behaviour. These deviations may . .
be ascribed, first, to the transition times of the electrons between the electrodes of the :
valve, and second, to self-inductances and mutual inductances between dlﬁ'erent con- '

ductors.

In this article the behaviour is studied of the four ‘admittances in the case of ultra short": -

waves, and the causes of the hehaviour observed in each of the four cases are discussed

individually.

Introduction

‘The properties of an amplifier valve are in general
dependent .on the frequency of the alternating
voltage which is amplified by the valve. For some
of the quantities the dependence on frequency
is obvious. This is so, for example, in the case of
the capacitive conductivity between different elec-
trodes of the valve. Other quantities, such as the
slope, are, in the region of broadcasting wave

lengths (> 200 m), practically independent of the -
frequency and exhibit deviations from this behav-

iouc only at very high frequencies. In the latter case
less obvious phenomena play a part, and it is a
discussion of these phenomena and their consequences
which forms the main subject of the article.
The action of a radio valve may be described
for sufficiently small alternating voltages between
cathode and grid, and between cathode and anode,
by the following equations respectively:
Avg+ B,

ia=

. a Cee e (1)

ig Cvg+ Do,

. ) R :

The first equatlon expresses the fact '1’:hat the
current i, at the output side (anode) of the valve
has a linear relation to the alternating voltage vg at
the input side and v, at the output side. The second

equation gives an analogous relation for the current

at the input side. The quantities 4, B, C, D are

determined by the various valve constants and have
in general complex values. -

We see from the equation that the quantities
A to D indicate the ratio of a current to a voltage.

They are therefore reciprocals of impedances, in
other words, admittances. We shall indicate them
further as characteristic admlttances ofan
amplifier valve.

The 51gn1ﬁcance of the characteristic admittances

-may be understood by first short circuiting the

output side of the valve and then repeating the
‘process with the input side. In the first case vg =0
and "
o = A vy ig = Cug. _
C is called the input admittance because it gives

-
1

1]
S

537, 545 621. 3 029 6 :621.936.645.31
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the relation between the input current and the
input voltage, and A is the slope (transconductance)
of the valve. "

In the second case vy, = 0 and

ia = Bug ip = D,

B is called the output admlttance and D the reaction
admittance. B

For a systematic study of the influence of the
frequency on the properties of an amplifier valve,
it is best to find out how each of the four admittances
depends upon the frequency. Before doing this,
however, we shall first call attention to several
general considerations.’

Cold and hot admittances of an amplifier >va1ve

~ The input terminals of an amplifier valve consist
of cathode and control grid, the output terminals
of cathode and anode. When the cathode is not

heated, there is no direct connection between the -

terminals in either case, at least when we may
disregard' insulation leakages or subtract their in-
fluence .on the admittances. When in this article
we speak of a definite admittance we shall always
mean the value which remains after the insulation
leakages and the dielectric losses measured on the cold
valve have been subtracted. In the case of a cold valve
the admittances will in the first place be made up of
" capacitive conductivities between the electrodes.
In the second place inductive and ohmic resistances
of the leads may play a part. These impedances are
in series with the capacitive impedances between

the electrodes, and are comparatively much smaller

at broadcasting frequencies, so that we may neglect
their influence as a approximation. The substitution

go-— o J'ic‘ga e —oa
v =—=ag ' == Cka Va

\ ko - o ok
- go : . {}Cga o oa
Ve Ckg=m= flg P e Va
ko —° SR @ —° 25935k

Fig. 1. a) Substitution diagram of a cold amplifier valve. The
input admittance is determined by C,, the output admittance
by Cj,, slope and reaction are given by the capacity C,,.

" b) Substitution diagram of a heated amplifier valve. Currents
flow to the grid and to the anode, both are modulated by, and
in phase, with the grid voltage. This is expressed by aresistance
Ry, across the input terminals and a resistance R; with an
E.M.F. of the amount SR; v, in senes across the output
terminals,
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diagitam of the cold valvel) is then represented
by fig. 1a.

When a valve is put into use, grid and anode
no longer remain insulated from the cathode, but
electrons can pass over from the cathode to the
other electrodes. For the input and output admit-
tances, C and B, this means that ohmic conduction
is now possible, and thus certain resistances are
now in parallel with the condensers. Moreover, the
magnitude of the input capacity will change some-
what due to the presence of electrons in the space
between cathode and grid, a fact which -was noted
previously in this periodical ?). The influence on
the slope 4 and on the reaction admittance D is
more difficult to indicate by elements of an electrical
circuit. Actually the reaction is scarcely changed,
while the slope receives a large ohmic component

Sy, due to the fact that the electron current to the |

anode is greatly influenced by the grid voltage in
intensity and phase. The substitution diagram of
‘the valve in the working state.is reproduced and
explained in fig. 1b.

.Summarizing, we may now express the four
characteristic admittances of an amplifier valve for
not too high frequencies as follows:

Slope: 4 = jwCgy — S
Output admittance:
B = jw (Cka + Cga) + 1/R;.
' (2)
C = jo (Cyg + Cga) + 1/ng-.
Reaction admittance:
D = jo Cg.

In practice the circuit becomes somewhat simpler
because of the fact that the control grid is usually
made so strongly negative that practically no elec-
trons pass between cathode and control grid. The
resistance Rpg, then becomes infinitely large and
1/Ry, cancels.

Causes and nature of the depénde;lce of the admit-

tances on the frequency .

At wave lengths below the region from.about
20 to 40 metres equations (2) for the characteristic

H In this form the substitution diagram holds for a triode. It
can, however, also be used for valves with more electrodes,
if we assume that all the electrodes except the control
grid and the anode are short circuited with respect to the
cathode for alternating voltages. Then the symbols Ckg
and C;, must be taken to represent respectively the capac-
ity between the control grid and all the electrodes con-
nected with the cathode and the capacity between the
anode and all the electrodes connected to the cathode.

2) C. J. Bakker. Some properties of receiving valves at
short waves. Philips techn. Rev. 1, 171, 1936.
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admittances are found to be no longer wvalid.
Two reasons for this may be pointed out. One
of these has already been noted. We have assumed
that the inductive impedances of the leads are
small with respect to the capacitive impedances
between the electrodes. With increasing frequency,
however, the capacitive impedances decrease and
the inductive impedances increase, so that the as-
sumption mentioned must be incorrect below a

" certain wavelength. With the ordinary dimensions
. of amplifier valves the inductive and capacitive

impedances reach the same order of magnitude for
wavelengths of a few metres. :

The second reason is the finite transition time
of the electrons. It has been shown previously 2)
in this penodlcal that a considerable increase in
the size of the real part of the input admittance
occurs for frequenmes the oscillation time of which
is no the transition time ‘of the electrons between
cathode and control grid. Further it is clear that
in this frequency- range the slope will also be
affected by the transition time, because the
anode current will be later in phase than the
grid voltage due to the transition time,. so that

instead of the real ratio S, the ratio between the

two must be a complex quantity. For the output
.admittance and the reaction "admittance the in-
fluence of the finite transition speed is of less im-
portance, as will be shown later.

In order to be able to deal with all these pheno-

mena in a uniform way, we shall study the general
nature of the dependence of an admittance on the -

frequency
. When the 1nﬁuence of the frequency on the ad-
mittances is determined by capacities, induc-

- tances and transition times, the frequency can’

appear only in the formulae in the combination
jow. Except in this combination the imaginary j

- cannot occur in the formulae for the admittances.

We may develop an arbitrary admittance Y in a
"-Taylor series as follows:

Y = Y, (jo) ¥ + (j0)? Vs + ol Y, +

In this formula the quantities Y, Y;, etc. are

~ real. If we now divide Yinto a real and an imaginary

part: . ‘
Yreal = Y, — w?Y, + ...

Yimag. = jo(Y,—w® Y;+...)

We may let the real part of the admittance
be equal to the reciprocal of a resistance. The part
of this reciprocal resistance which depends on the
frequency is then proportional to the square of the
frequency in the first approximation. The imaginary
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part of Y can be considered as being caused by a
capacity. The part of this capacity dependent on the -
frequency is then in the first approximation also
proportional to the square of the frequency.

This approximation represents with sufficient

+accuracy the behaviour of radio valves for fre-

quencies up to 60 megacycles/sec (5 metres). In
other words, when the characteristic 'admittances
are given as in equation (2), we find that the capac-
ities and reciprocal resistances are not constant,’
but each one contains a term, in addition to the-
constant, which is proportional to the squr«.ire of
the frequency.- ’

The following is a discussion of the four ad-
mittances individually.

The slope A

' The measurement of the slope is, carrled out by
applying a low alternatmg voltage to the grid of
the amplifier valve to be measured, and by placing
between grid and anode an admittance whose real
and imaginary parts are variable. By adjusting this
admittance so that the alternating current in the
anode ¢ircuit is zero, which is always possible, the
measurement of the slope is reduced to the deter-
mination of a complex admittance. It is found that .
at phase angles between 0° and 90° a detuned circuit
can be used as admittance. The measurement of
the modulus and the phase angle of this circuit
offers no difficulties.

For low frequencies the slope of a valve may
be considered real. The imaginary component
jwCga (see equation (2)) is very small, especially
in scieen grid valves, and may be entirely neglected
in comparison with the real component of the slope
due to the electron current.

With short waves the electron current will need
a certain amount of time to pass from the cathode
to the anode. A simple estimation of the transition
times may be® obtained by considering the case °
of a homogeneous field between two flat plates a
and b at a distance d from each other, which have
respectively the potentials ¥, and V} with respect .
to the cathodeé. The speed v of the electron is deter-
mined at every point between the plates by the
law of the conservation of energy:

. om ,
o — 02 = V.

The transition time of the electron between a and b

A’follows from this:

Ve
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Now for a homogeneous field

s = AV -
‘ d  Vy—
and therefore .
v, V;z
. — . 2d |/ —
. ] /,m d / v b 2
b = ————
o 22 Vi—Vay V7 YV, 17,

The value of ¢/m is 17.6 X 10™ cm® sec™ volt™.

Suppose for example that ¥ = 0, V,p = 250
volts, and d = 0.5 ¢m, which would about represent
the condition between the suppressor grid and the
.anode of a pentode; one then finds:

205 11/35.210°"
- 1250

In this way the transition times between all the
electrodes can be calculated. The total transition
time fj, is obtained by adding. The existence of the
transition - time, as has already been mentioned,
results in the slope taking on a complex value at
" wave lengths of a few metres, where the frequency
is no longer very small with respect to Lftgq.
Instead of the real and the imaginary component
we may also consider the modulus. and the phase
of the slope as functions of the frequency and this
description is simpler in this case because it has been
found by experiment that the modulus of the slope
remains practically unaltered, and the phase angle
¢, due to the transition time changes proportionally
with the frequency. It is found that the transition
times between different electrodes do not all con-
tribute proportionally to the phase shift.
For a triode it may be calculated:

= 1.07-107° sec

tap =

(pt = — (A)(O.36 tkgl + 2/3 tgla) (ga)
and for a pentode: V
@ = — w(0.36 the, + tgi, + gy 17 23 tg3a) (3b)

In these formulae #g is the time of transition of

the electrons hetween cathode and control grid,

tg,g, the time between control grid and screen grid,

tg,g, the time between screen grid and suppressor -

grid, tg o the time between suppressor grid and

anode.

The fact that the coefficient of cbtkg is less than one may

be explained .as follows. If ‘a sinusoidal alternating voltage vg
on the control grid would only determine how much alternating
current left the cathode, the current Syv.e Ty would pass
through the control grid, and this current is thus behind v
in phase. But in addition the transition time varies periodically

with the time, due to the alternating voltage on the voltage
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on the control grid, and due to this effect there is also an
alternating current through the control grid. This latter
current is found to be about 90° in phase ahead of the
grid voltage. The result is that the resulting alternating
current passing through the grid has a phase angle smaller
than wtk Calculation gives p = 0.36 wtkg )

The fact that the coefficient of wt, et 1ess than one may be

explained in the following way. \Vhen an electron  passes
through the third grid, there is an equal positive image charge
on the third grid. When the electron moves towards the anode,
this image charge flows gradually from the third grid to the
anode, so that when the ‘electron arrives on the anode the
whole image charge has also just arrived there. In the anode
lead, therefore, current is flowing as long as the electron is
between the third grid and the anode. If current only flowed
in the anode lead when the electron had arrived on the anode,
the coefficient of wt, 4 would have the value one, but since
current is flowing as ﬁ)ng as the electron is on the way from the
third grid to the anode, the coefficient will be smaller than one.
An accurate calculation shows that the coefficient must
‘have the value 2/; when the electron passes the third grid at a
low speed. Finally, in.order to-understand why in the equation
for the pentode the terms wt and wtg ¢, APPear with the co-
efficient one, we must assume that the electrodes shield each
other so well that the current excited by a change in the control
grid voltage only begins to flow in the anode lead when the
electron is between the suppressor grid and the anode. The
transition time between control grid and suppressor grid is
then entirely manifested in the phase shift.

The transition time, however, is not the only
cause of a phase shift between the anode current and’
the grid voltage. It is obvious that the self-inductance -
of the cathode lead also has a similar effect. When
there is an alternating voltage vg between the grid
and the extenial.termin'al of the cathode, the fol-
lowing current flows through the cathode lead:

\ . 'ik = Sk 'Pg.

This current experiences an inductive reactance
in the lead which corresponds to a inverse e.m.f.

ipjo Ly = jo Selyvg.

The voltage between the grid and the cathode itself
thus becomes

vy = v (1.—ja_)SkLk) e @)

and when wSipLr<1, ‘this ‘means that the anode

" current lags a pliase angle wSgLi behind the

external applied modulation voltage. .

The total phase shift is obtained .in fair ap-
proximation by adding the two results. Thus for
a triode:

p = — o SgLr — o (0.30 g, —l—“2/3 g a) " (5a)
and for a pentode:
p=—w SkLk —

" — (036 tieg -+ g5, + gy, + 2/31g50) (5b)
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Equations (5a) and (5b) were tested by measure-
ments on a pentode of the type AF7. The values
measured at a wave length of 9.1 m are:

as pentode with anode current of 3 mA:

18l = 2.69 mA[V; ¢ = — 22°%
as triode with 4 mA anode current: .

ISl = 3.82 mA/V; ¢ = — 6°.

In the measurement as a triode, anode, suppressor
grid and screen grid were interconnected; in the
measurement as a pentode, screen grid and sup-
pressor grid were connected to the cathode
through large condensers. For a very low fre-
quency we found S; = 2.7 mA/V for the pentode
connection, and Sy = 3.8 mA/V for the triode con-
nection. _

It may be noted in the first place that the
‘modulus of the slope at 9.1 m is equal to the static
value ‘within the limits of experiméntal error. The
phase angles measured must now be compared with
the values which can be calculated from equations
" (5a) and (5b). We found:

Sk = 3.8 mA/V and Li about 5 X 10'8 H, and the

following values:

" Triode - Pentode
thg, thg, = 0.77:107 sec,
e = lgg = 0.26-107° sec,