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" Two new broadcasting transmitters of 125 kW have recently been constructed to replace
the Netherlands broadcasting transmitters in Hilversum and Jaarsveld. Both the new
transmitters are housed in the same building, This article gives a general account of the

installation. |

«

At the beginning of this yéar the Netherlands.

broadcasting transmitters of Hilversum and Jaars-
veld were replaced by a single central installation,

+ which is so situated that it gives optimum reception

throughout the whole of the Netherlands. This new
installation, supplied by Philips, conmsists of two
transmitters, each of 125 kW, which work on 336 m
and 415 m, respectjvély. The wave length of 336 m
was assigned to the Netherlands by the Montreux
plan; at present this plan is not in operatioﬁ, and
“therefore the transmitter in question is temporarily
tunied to a wave length of 301.5 m. )

In designing the new transmitters special at-
tention was paid to the efficiency, in connection
with the high-power to be radiated. The necessity
of achieving high efficiency led to connections with
which the transmission energy is supplied to the
aerial - through four almost identical channels,
each corsisting of three successive stages. Compared
with normal connections, in which the modulated
high-frequency energy is amplified in a series of
successive stages to the desired level, an economy
of more than 250 kW has been obtained in this way.

It is not the intention of this article to describe
the action of the connections .with four channels,
or to go into the way in which the improvement in
the efficiency is achiéved. This will be dealt with
in a future article in this periodical. In this article,
however, we shall discuss the influence which the
splitting of the transmitter connections into four
channels has had on the design of the whole in-

' stallation, after which several particulars of the

construction will be considered.

e general plan

The most obvious plan for an installation on the

principle mentioned is represented in fig. I, where

~ the fanshaped design meets the necessity of larger

dimensions for each_successive stage. As may be
seen the splitting of the system into four channels
does not take place immediately, but in two steps,
upon transition from the second to the third stage
and from the third to the fourth stage. The fourth
stage is controlled by the modulator, and each of
the channels is affected in a different way. The re-
sulting unequal division of the transmission energy

Fig. 1. Scheme of the new Netherlands broadeasting trans-
mitters, represented in a form which could be considered as
a ground plan. The high-frequency energy is amplified in six
stages (I-IV), of which stage IIT is split into two' channels
and stages IV, ¥ and VT into four channels. VII is a network
which couples the-four output stages with -each other in a
certain way, and transmits the energy provided to the aerial.

. MOD is a modulator acting on stage IV which regulates the _

amplitude of the high-frequency signal in the four channels,
in a special way for each channel. Th 1 and Th 2 thermostats
with guartz crystals for keeping the frequency constant.
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Tig. 2. Dizfgrammzlltic front view of the transmitter as installed.
N , : . .

The relative arrangement of the parts of the
transmitter ¢ and b corresponds exactly to the
sketch just discussed. This is not to be considered
as a ground plane, but as a vertical cross section,
i.e. the preliminary stages a are situated on a gallery
above the final stage b. The whole transmitter is

set up against one wall of a large hall; along the

- opposite wall is the second transmitter, which cor-
responds exactly to the first except for its wave
length. ~

~ ¥

Fig. 3 represents a tramsverse cross section
, through the middle of the transmitter building,

which consists in the main of two storeys, on the

ground ﬂoor the machine hall ( ) and above it the
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transmitter hall (II). In the machine hall are t11e
different feed sources of the 1nstallatlon for low
voltages and heavy currents converters are 1n-

[Tl

stalled, while the high voltage of the final stage 1s

obtained with the help of a transformer and rec-
tifier. On the galleries of the machine hall stand tlu::
insulation , spirals which provide the necessary
length of path for the cooling water to prevent th(':{
high potential of the anodes of the output valves
being conducted away to earth by way of the coollng:

water. ] : i
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Tig. 3. Vertical cross section through the transmitter building. .
I Machine hall anode circuits of output

II and III Transmitter hall stage '
IV Workshop, etc. ¢ aerial coupling circuit and /
V Pump cellar filters | 4
VI Cable cellar [ artificial aerials v
VII Cable space g  cooling-water spirals
_ h  switch board machine
a  preliminary stages room
b . output stage converters

operation desk x, ¥ 20 kV rectifiers

T 0

Fig. 4is a ground plan of the machine hall. x and y
are rectifiers for the high voltage of the final stages;'
the transformers v and w, respectively, belong to
these rcctifiers. Fach of the two rectifiers x serves
for the supply of one transmitter, while y forms the
common reserve. The converters for the low volt-
ages are 1nd1cated by i. Three heating-current
dynamos are used, namely, of 15, 25 and 35 volts,
respectively, for 50, 320 and 830 amp., in order not
to be compelled to dissipate too much energy in
series resistances for the filaments of lower voltage
by the use of one dynamo of 35 volts. Furthermore .
a double dynamo for 2 000 volts, 2 amp. and 450
volts,- 1 amp. furnishes the anode voltages and |
screen-grid voltages of various preliminary stages,
while two double dynamos, each for 400 volts, 2.5
amp. give the grid bias voltages for the four chan- *
nels of the final stage. Finally there is a dynamo
for 110 volts, 18 amp. for the excitation of the other ’
machines. The motive energy for the dynamos is’
taken from the local high-voltage mains with thg
help of ;the transformers r, which are built into .

.
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separate cells at the end of the machine hall. Here
also one transformer serves each transmitter nor-
mally, while a third transformer is in reserve.

For the further arrangement of the machine hall
we refer to the text under fig. 4. Finally in fig. 5 two
photographs of the machine hall are reproduced:
in one photograph may be seen the middle rectifier
(v in fig. 4) behind a set of converters, while the
other shows the switch board for the feed voltages
(hin fig. 4).
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Fig. 4. Ground plan of the machine hall
1 Machine hall m
VIII Cable switch room r
IX High-voltage switchroomuw, 1
X Low-voltage switch room

cable channels

mains 1ransformers
transformers for 20 kV
rectifiers

As already mentioned, the transmitters proper
are in the hall above the machine hall. The plan is
given in fig. 6. The different components of the
transmitter are indicated in the same way as in
fig. 3, so that the sketch is clear without much
explanation. At the front are two rooms, one for
the head of works (XI) and one for an amplifier
room (XII), with a view through broad windows
into the transmitter hall. In the amplifier room the
microphone amplifiers are situated on a rack (0).
Along the side walls of the hall are the final stages
(b) of the four channels; above on the galleries, not

BROADCASTING TRANSMITTERS IN THE NETHERLANDS 3

Fig. 5. Machine hall. Upper photograph, the 20 kV rectifier
behind a set of converters; lower photograph, the switch board
belonging to the converters.

Fig. 6. Ground plan of the transmitter hall and the adjacent
rooms. For the meaning of the letters and numbers see fig. 3
X1I room for the works manager, XII amplifier room with am-

“plifier rack 0.
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Fig. 7. Supervising and operating desk.

given in the floor plan, are the preliminary stages.
The cables and cooling-water lines to these per-
liminary stages run through the cable channels (m)
which may be seen on either side of the final stages.
In the side rooms I11 of the transmitter hall is the

anode network d of the final stage, which couples
the four channels with each other, and also a cabinet
e with the coupling circuit which transmits the out-
put energy of the transmitter, after the higher
harmonics have been filtered out, to the aerial. In

Fig. 8. Front of the transmitter seen from the operating desk. On the gallery the prelimi-
nary stages [-V: below the output stage V1. The sub-division of the front panel follows
from the diagram of fig. 2.
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the middle of the hall is the operating desk, half
of which (for one transmitter) is shown in fig. 7.
All the manipulations necessary for operating both
transmitters can be carried out from this desk,
with the exception of the switching in and over of

Fig. 9. Sliding chassis containing the modulator stage. To the
left may be seen the knife contacts which serve for the elec-
trical connections when the chassis is in position.

the machines, which takes place in the machine hall
itself, with simultaneous control by means of the
measuring instruments present there. In fig. 8 the
panel of the whole transmitter has been photo-
graphed from the desk to show how, thanks to the
arrangement in two storeys and the generous dimen-
sions of the instruments, a good view of the whole
installation is obtained. It is also striking that no
operating knobs occur anywhere on the transmitter
panel. This has been expressly avoided in order to
prevent disadjustment of the transmitter, for in-
stance by careless visitors. All the operating shafts
can be moved by the personnel with the help of a
removable handle.

Several structural details of the transmitter

In the construction of the transmitter, spacious-
ness has been aimed at, in order that all components
should be easily accessible. This is particularly
important for those components which must be able
to be exchanged, such as valves and fuses.

In order to facilitate access to the components
the front panels of the transmitter are fastened with

BROADCASTING TRANSMITTERS IN THE NETHERLANDS >

toggles and provided with handles, and all the
valves are set up behind doors. Smaller components
are mounted in sliding chassis (see fig. 9) with the
employment of knife contacts for the passage of
the current.

i

\1'
.

Fig. 10. Coupling circuit which transmits the energy from the
output stage to the aerial. Also filters for eliminating the higher
harmonics from the aerial signal.

A further discussion of the electrical construction
of the transmitter lies outside the scope of this
article. In order, however, to give some idea of the
mechanical construction of the electrical compo-
nents, three photographs of characteristic compo-

Fig. 11. Tuning circuits for the output stage of the transmitter.
Below the astatically arranged coils may be seen the tuning
condensers which are operated by motors.
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nents are given in figs. 10, 11 and 12. We wish to
call special attention to the construction of the coils
of the high-frequency output stages in fig. 11. These
coils are subdivided into two astatic halves, so
that the mutual coupling of the coils is kept ex-
tremely small without external shielding.

Two self-radiating masts of 192 m and 165 m,
respectively serve as aerials for the transmission
waves of 415 m and 356 m. The earth connections
network consists of 108 copper wires of 200 m and
180 m length, respectively, buried in the ground in
ray arrangement between an inner and an outer ring.

Tuning of the transmitter

Except in the final stage, the circuits of the trans-
mitter can be tuned in quite the ordinary way, since
the preliminary stages of the different channels
are independent of each other. Since, however, the
channels of the final stage act on a common anode
circuit, special measures had to be taken for the
tuning of the final stage. The network which couples

AITLY

L\
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Fig. 12. Insulation spirals through which flows the cooling
water for the anodes of the output valves. The water from six
valves (four channels and two reserve valves) must pass
through an insulation spiral both coming and going, so that
12 such spirals are needed. They are made entirely of porcelain
and have a capacity of 120 litres of cooling-water per minute.

Vol. 6, No, 1

Fig. 13. Measuring wagon with cathode ray oscillograph for
supervising the relative phases of the voltages in the four
channels.

the anode circuits of the output valves with each
other is such that the anode circuit of one channel
can most easily be tuned when the anode circuits
of the adjacent channels are short circuited. The
short circuiting is accomplished with the help of
mechanical switches. These switches are operated
with servo motors from the front of the transmitter,
like the tuning condensers of the different channels.
The anode voltage of the valves with short-circuited
anode circuit can be disconnected by switches. These
switches are electrically locked to the corresponding
short-circuit switches, so that it is impossible to
switch on the anode voltage of valves with a
short-circuited anode circuit.

When in this way one channel is separated from
the rest the oscillation circuits can be tuned, and
by the adjustment of certain bias voltages in the
modulation stage the carrier wave can be influenced
in the desired way by the modulation voltage. As
already stated, the nature of this influence is dif-
ferent for each channel; it is best to judge the rela-
tion between the modulation voltage and the am-
plitude of the output signal experimentally with
the help of four cathode ray tubes which are built
into the panel of the transmitter.

For satisfactory performance of the transmitter,
not only are the amplitudes of the signals in the four
channels important, but also the relative phases.
In order to avoid phase shifts it is necessary to
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compensate exactly the grid-anode capacities of the
iriodes TA 18/100 used in the output stage, which
vary slightly for different valves of that type. The
neutrodyne condensers used for that purpose are
constructed in two parts, the main part of which is
adjusted once, while the correction part can be
regulated from the front panel of the transmitter.
The
checking the correctness of the relative phases of the

regulation can best be accomplished by
four channels by means of a cathode ray oscillo-
graph. For this purpose a transportable apparatus
in the form of a measuring wagon is used. This is
shown in fig. 13.

In fig. 14 may be seen the rack and pinion drive
by which the correction part of the neutrodyne
capacity is adjusted; this picture is also character-
istic of the way in which the tunable components
housed in closed compartments are operated by
means of sliding switches. The neutrodyning must
be repeated every time a transmitter valve is re-
placed by a new one. In order to facilitate this a
spare valve is built in for each two channels,
which is previously neutrodyned with the help of

1

SHRG

Fig. 14. Neutrodyne condenser which is set by means of a rack
and pimon.
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Fig. 15. with two neutrodyne condensers,

Spare valve
which are adjusted for the two channels, respectively, in which
the valve there present might have to be replaced.

two neutrodyne condensers for each of the two
channels (see fig. 15). Switching over to a spare
valve therefore only requires a minimum time
(about 15 sec) and can be done by unskilled per-
sonnel.

Characteristics of the transmitter

Compared with the ordinary transmitter con-
nections, the installation described, in which the

Distortion of low-fre-
quency signals at aniod-
ulation depth of 909,

Efficiency at different depths
of modulation

efficiency

dis- efficiency

ireq UidREY ¥ output of whole
(4] . irans-
tron stage mitter
300 3.29 carrier-wave | 58.9%, 369
without mod.

400 3.0%

2 000 3.99, | 30% mod. 569 359

6 000 5.59%,

9 000 1 6.3% || 1009, mod. 559 38%,
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modulation is distributed over four channels, offers
the advantage of a considerably higher efficiency.
The degree of efficiency depends upon the way
in which this division is carried out. The higher the
desired efficiency, the greater the distortions which

must in general be tolerated the final result may

thus be considered as a compromise between the
efficiency of the transmitter and the fidelity of the
reproduction. In the case of the transmitter as
adjusted for the acceptance examination the values
for efficiency and distortion given in the above
table were medsured.

Vol. 6, No. 1

If, in agreement with practical experience, it i§
assumed that with the ordinary <construction of
the transmitter an efficiency of only about 20 per
cent would have been- attained, the present con-
struction represents an economy of more than 250
kW. This economy is particularly important be-
cause it not only means an economy in the current

consumption, but at the same time it has a fa-~

vourable effect on the dimensions of the water-
cooling system and other components which must
dissipate the heat developed without harmful rise
in temperature.

NEW KINDS OF STEEL OF HIGH VMAGNETIC POWER

by B. JONAS and H. J. MEERKAMP van EMBDEN.

669.15.018.58

By exposing steel for permanent magnets to a magnetic field during the heat treatment

(magnetic hardening), considerable improvementin the magnetic qualities can be attained

in certain cases. The maximum product of induction and internal field strength (magn;’.tic
power), which determines the quality of a magnet steel, could in this way be increased
from 2.2 X 108 to 5.2 X 10 gauss-oersted in the case of the magnet steel alloy “Ticonal”.

Although certain general ideas already exist
about the magnetic properties of alloys, in work-
ing out the most favourable composition of an
alloy of which certain magnetic properties are
required, experience is still almost the only guide.
This is true also for the alloys for permanent mag-
nets which have been developed in the Philips
Laboratory chiefly for use in electrodynamlc loud

. speakers.

Although the starting point of these mvestlga-

tions was the carbon-cobalt type of steel then used.
- ‘for that purpose, after the discovery of Mishima

in 1932 that better and cheaper permanent magnets
could be made from iron alloys with nickel and
aluminium in certain proportions, magnet steels
were developed which contained these latter ele-
ments as well as titanium, and cobalt ).

In the research on these hew kinds of steel, which

- were sold under the name “Ticonal”, not only was
the composition varied in many ways, but also the

nature of the heat treatment. The results were
judged in each case by recording the magnetization
curve and especially the remanence Br and the

1) On the fundamental difference between the magnetic
hardening phenomenon in the case of these alloys and that
of the earlier"known kinds of magnet steel see J. L.
Snoek, ‘Philips techn. Rev. 2, 233, 1937,

The significance of this progress is briefly explained in this article.

coercive force H; (see fig. I). It was found that
coercive forces of more than 1 000 oersted could

decrease with increasing coercive force, so that
the product of coercive force and remanence, which
to a-certain point may be considered as a measure
of the magnetic power of the steel, cannot be

increased above a certain limit of about 6 X 108 -

gauss-oersted.

'S I7386

Fig. 1. Hysteresis loop of a magnet steel. B, remanence, H,

coercive force. R

Actually the quality of a magnet steel cannot
~ be determined exactly by the product of remanence

and coercive force, but by the maximum value

.(BH)max of the product of induction and internal
. field strength, which may occur when the material

‘be obtained. The remanence is usually found to-
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is placed in a demagnetizing field 2). If By H, has a
value of 6 X 10° gauss-oersted, (BH)pax has a
value of approx. 2:108 gauss-oersted. The quotient
(BH Ymax: Br He is indicated by the term convexity
factor. For an exactly rectangular demagnetization
curve ( fig. 2a) the convexity factor would be equal
to 1; for a straight line (fig. 2b) one finds 0.25. The

g BH

H - H=

Bl

Fig. 2. a and b: Limiting cases of demagnetization curves,
¢i technical magnetization curve. Left-hand diagram B as a
function of H; right-hand diagram BH as a function of H.
The “convexity factor” (BH)m.x: B-H:. may vary between
1 and 0.25 (curve a and b, respectively); in the case of the
technical curve given ¢ it has a value of 0.4,

actual magpitude of the convexity factor usually
lies between these two extreme values, ‘and for the
“Ticonal” type of steels it has a value of about 0.4.

On the basis of extensive attempts to reach the
best possible results by variation of the compo-
sition and treatment of the alloys in question, it
appeared as if the value of (BH)pqax could not in

%) See A, Th. van Urk, Philips techn. Rev. 5, 29, 1940,

' STEEL OF HIGH MAGNETIC POWER . 9

_practice be raised above 2-2 X 108 gauss-oers_ted.
In 1938, however, in the Philips Laboratory this

"netically hardened types of steels is- 0.76, ard

4). The application of a magnetic field during this anncaling

value was suddenly considerably exceeded by
subjecting certain new magnet steel alloys 3) to a
heat treatment in a magnetic field and then an-
nealing them in the usual way?%). It was found
possible in this way to increase .(BH)max to the
unequalled value of 52 X 10% gauss-oersted, so -
that it may be stated that the quality of the steel
has improved by a factor of more than 2. %) -
A large part of this improvement may be ascribed
to an increase in the convexity factor. As may be
seen in fig. 3 the demagnetization curve of the new
kinds of steel takes on a more or less rectangular
shape as a result of the magnetic treatment, which )
means that the convexity factor begins to approach 1.
The highest convexity factor measured for mag- b

3) The alloys contain the same metal as the “Ticonal” steels
previously developed, but in different proportions. A spe-
cial requiremient is a relatively high content .of cobalt,
which, in connection with the high price of this metal, at
first seemed to be a disadvantage. o

was found to be quite superfluous.
5) A preliminary statement on this subject -was made by -

G. Holst before the Ned. Natuur- en Geneesk. Congress, ™ -

April 11th 1939; see de Ingenieur 54, A 199, 1939. From
an article by D..A. Oliver and J. W. Shedden, Nature
London 30, 7, 1938, it appears that these investigators
have carried out tests of the action-of a magnetic field
during the heat treatment of a so-called “Alnico” steel. Only
a small increase in the remanence and.the value of (BH )inax
was observed.
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Fig. 3. Demagnetization curve of a magnet steel, consisting of 51.5% iron, 8.5% aluminium,
" 149 nickel, 239, cobalt and 3%, copper. ¢) Optimum heat treatment without magnetic
field, b) heat treatment in a magnetic field with the direction in which the B-H curve is
measured. In this case a value of (BH )nax of 5.2 X 10° gauss-oersted is obtained. ¢) The
same steel as curve b), measured in a direction perpendicular to that of the magnetic field
applied during the heat treatment. Full lines, B as function of H, broken lines, BH as a

function of H.

.




10

therefore nearly twice as large as that which occurs
for the same types of steel without magnetic treat-
ment. ' o
The remarkable character -of the B-H curve may
be explained by assuming that the elementary
magnets possess a preferred orientation in the direc-
tion of the magnetic field applied during the heat
" treatment. In agreement with this explanation is
the fact that a pronouncedly flat demagnetization
curve is measured in the direction perpendicular
to the field applied during the heat treatment, as is
shown in fig, 3c. The convexity factor for this
direction of magnetization only has a value of 0.32,
while the convexity factor in the direction of the
preferred orientation amounts to 0.66.

When curves 3b and 3c are compared with the
curves drawn in fig. 3¢ for the same material upon
heat treatment without a magnetic field (con-
vexity factor 0.43), it is seen that the field applied
during the heat treatment (of about 3000 oersted)

" considerably increases’ Br and H, and particularly
(BH)max in the direction parallel to it, while in the
direction” perpendlcular to the field all three quan-
tities are considerably decreased. -

Since ‘the beginning of '1939 the new method
‘has been employed in manufacture on a large scale.

The necessary magnetlc field'is generated with per-

manent magnets, a fact which has been made

possible by the use of the new kmds of magnet steel -

themselves. The product on the market under the
name “Ticonal” 3-8 possesses a value, of (BH)max
of 3-8 to 4 X 10°® gauss-oersted. At the same time
a remanence of more than 12 000 gauss is reached.
For the sake of comparison it may be mentioned
- "that the platinum-cobalt steel which, because of
its expelisiveness, could not be used for technical
purposes, and which, before the development of the
magnetically hardened steel, was the best ‘magnet
steel known, possessed a (BH)yax value,

4. 000 gauss.

The results of the mtroductlon of the new
" kinds of magnet steel into technology can as yet
hardly be realized. It is, however, clear that not
only as to mew technical possibilities %), but also
as to the price of the new magnet steel products,
the prospects are very favourable. In technical
respects to high remanence is a good quality in
addition the the high (BH)pax value. The high
remanence makes possible constructions which
exhibit a relatively small spre?ding of the magnetic

“) See for instanee for the lifting power of the new qteel
’ Phlhps techn. Rev. 5, 195, 1940.
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3-4 X 10° gauss-oersted with a remanence of only '
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flux, so that full advantage can be taken of the high
magnetic energy per unit volume of the steel for
the effective field in the air gap of the apparatus
to be constructed. Since by this means a given
technical problem can be solved with an unusually
small amount of magnet steel, the cost price of
the new magnet steel products is quite favourable.
Some of the raw materials, such as cobalt and nickel,
are indeed fairly expensive. If, however, the price
of magnetically hardened “Ticonal” steel is cal-
culated per unit of magnetic energy, it is found that,
thanks to the high magnetic energy per unit volume,
the price is lower than that of any other kind .of
magnet steel which has been developed in the last
20 years. Summarizing, we may therefore conclude
that the new kind of steel is certainly predestined
to replace in many cases the types of magnet steel
used until now. ' ‘
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Tig. 4. The development of stcels for permanent inagnets
during 50 years. Full lines (BH)masx, broken line remanence,

‘dotted linc coercive force. The section from 1910 to 1938 is

borrowed from E. Houdremont, Stahl und Eisen, 59, 37,
1939.

Ni-Co-Ti steel (Honda)

1 carbon steel 7

2 tungsten steel 8 “Ticonal” 2 and 2a
3 chromium steel . 9 Fe-Pt steel

4 35% cobalt steel 10 Co-Pt steel

-5 Co-Mo steel (Kister) 11 “Ticonal” 3.8

6 Ni-Al steel (Mishima) 12 “Ticonal” 5.2

7) See the article referred to in footnote 2) page 32.
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A clear picture of the development which has
taken place in the last 50 years in the field of magnet
steels is given in the diagram reproduced in fig. 4.
Particular attention should be paid to the thick
line which indicated the increase in magnetic power.
Fig. 5 shows the result of this progress on the con-
struction of loud speaker magnet systems. The
total weight of the systems shown (magnet steel plus
coupling pieces), all of which induce the same field
in a given air gap, could be reduced in steps from
1314 g to 296 g by improvement in the magnet steel;
at the same time the weight of the magnet steel
itself has fallen from 580 g to 74 g. The most im-
portant data about the magnets shown will be
found in the following table. It is clear that the

STEEL OF HIGH MAGNETIC POWER 11

decrease in weight and volume of the magnet mean
an important economy, not only for the loud
speaker itself, but also for the construction of the
whole radio set.

Weight of Weight of

(BH)max magnet  magnet
Kind of steel S i
gauss-
(;Jersted g g
Cobalt steel (159, Co) 0.6-108 580 1314
“Ticonal” 1 1.2-108 325 703
“Ticonal® 2 1.8-108 235 545
“Ticonal” 3.8 4-108 104 326
“Ticonal” 5.2 5.2.108 74 296

87245

Fig. 5. A series of loud-speaker magnets which have the samec field in a given air gap. The
steadily diminishing size ol the magnets and of the separatelv shown magnet steel rings
gives an idea of the technical progress achieved in the course of years. The numbers indicate

the weights in grams.




/

1 | ‘ - PHILIPS TECHNICAL REVIEW _

Vol. 6, No. 1

A UNIVERSAL APPARATUS FOR X-RAY DIAGNOSIS

by H-A. G. HAZEU and J. M. LEDEBOER.

621.386.1: 616-073

An X-ray apparatus is described which can be used for fluoroscopy and photography of
any object occurring in medical diagnosis. One of the principles of its construction was that
in order to obtain the best possible exposures the focus of the X-ray tube must always be
loaded up to the permissible limit. This led to the result that the regulation of the tube
current must not be left to the user, but must take place automatically when the
voltage and exposure time have been chosen. The realisation of this principle and its
influence on the construction of the rest of the apparatus is discussed in detail. In con-
clusion the connection of different X-ray tubes with the apparatus is dealt with, as well )
as its operation, which is reduced to the very simplest manipulations.

In medical X-ray examinations two different
methods are used: fluoroscopy and photography.
In the first case the X-rays passing through the
part of the body to be examined are allowed to
fall upon a fluorescent screen, and the resulting
shadow picture is examined directly by the doctor.
In the second case the fluorescent screen is replaced
by a photographic plate or film, against both sides
of which a fluorescent foil is pressed. In general
" fluoroscopy is used for orientation or for preliminary
diagnosis, while afterwards the photograph is
used for making the final diagnosis and for securing
an objective documentation.

According to the part of the body to be examined
and the stoutness.of the patient, fluorescopy or
photography must be carried out in different ways
in order to obtain the best possible X-ray pictures.

While in  certain establishments, such as lung

sanatoria, it is always. the same objects (the lungs

in this case) which are examined, and the X-ray.

installation can therefore be adapted excllisively
to this special purpose, in other cases, such as non-
specialized institutes, it is desirable to have an
X-ray apparatus with which all kinds of very
dlvergent examinations can be carried out. In this |
‘article we shall discuss such an installation, the
Philips Medio-D apparatus, type 11 455, where
the emphasis is laid on the requirement that its
universal utility may not be at the expense of the
"quality of the X-ray plcture obtained in each sep-
arate case.

Specification of the requirements -

Among the variables which can be controlled
in making X-ray exposures, the following are of
direct importance in designing an apparatus for
X-ray diagnosis: the voltage on the X-ray tube,
the tube current, the size of the focus which
emits the X-rays, arid the exposure time (load-
ing time ‘of the tube). In table I the way in which
these variables can effectively be chosen is given
for several of the most commonly occurrihg objects.

-

Altho{lg_h it would lie outside the scope of this
article to give detailed reasons for the choice in-
dicated, a brief explanation of the values given is
necessary for a better understanding of the fol-
lowing. :

Table I

Exposure technique for X-ray photographs of different parts
of the body. The choice of the quantities here given is closely
connected with the choice of the distance of focus to film, the .
kind of fluorescent foil and presence or absence of a so-called
Bucky raster. It is assumed that for each of the techniques
indicated these latter factors are also fixed. For the sake of
simplicity, however,‘they have here been omitted, since they
play no further part in the construction of the X-ray apparatus,
The values hold for a tube with stationary anode. When a
rotating anode is used, which may be loaded much more
heavily (see below), consxderahly larger currents and shorter
exposure times can be used.

b | Voo [ Currane [Pt | Expoue
kVmax mA mm sec
Lung 55 165 3,1 Yo
Stomach ‘ 80*) 140 3,1 A
Shoulder 55 35 1,7 ’
Skull 80 30 . 1,7 -2
Lumbar . ‘
(transverse) 100 25 17 0. 4

*) By the administration of a paste containing barium, which
+ is strongly absorbent, as a means of obtaining contrast,
-the voltage can here be given this high value.

The choice of the quantities mentioned is deter-
mined by a compromise between density, contrast
and definition of the exposure obtained. Increasing
tube voltage decreases the contrast because of the
increasing hardness of the X-rays excited!), it
gives, however, a ’greater intensity on the. film-
(greater density), since the energy converted in
the tube, the efficiency of the excitation of the
radiation and the penetration of the rays increase
with the voltage. With increasing‘ tube current also -

1) See for instance Philips techn. Rev. 2, 317 1937. For a
more detailed treatment of what is prescnted here in a
. very much simplified form see for example Philips techn.
Rev. 5, 258, 1940 and the hterature there cited.




JANUARY 1941~

a greater density is obtained because of the increase
of the X-ray intensity with the energy converted
in the tube. This latter process is, however, limited
by the heating of the anticathode: the material of

the anticathode can only stand a limited load per -

cm? of the focus (specific focal loading) without
melting. When this highest permissible value has
been reached, the X-ray intensity can only be
further increased by taking a larger focus. At the
same time, however, the definition of the picture
decreases due to the larger half-shadow width.

Finally the density also increases with the exposure '

time; but when it is a question of moving objects,
such as lungs, stomach, etc., this is accompanied
by a greater lack of definition.

The values of table I represent (for a given
allowable loading of the focus) practically the most
favourable compromise yvhic}i is to be found under
these opposing influences in the various cases. The
way in which this compromise is arrived at for the
properties of the objects to be photographed is now
fairly clear: upon photography of moving objects
such as lungs and stomach the exposure must be
very‘ short, so that a large focus is needed; in skull
photography and the like, the exposure may be for
several seconds, and therefore greater definition
can be expected by the use of a smaller focus;
with very absorbent objects (with large contrasts),

-such as bones, the voltage is made high, with
weakly absorbing tissues, such as the lungs, low

voltages are demanded, etc. One point is, however, -

fixed in all these cases: in order to reach an optimum
result, the focus must be loaded up to its limit.
The permissible loading (product of current and
voltage) still depends upon the time of loading of
the tube (exposure time): with short loading the
load may be heavier than with a long time of
loading. Therefore if two of the three quantities,
current, voltage and time are chosen, for instance
the voltage and the time, then the third, the
current, may no longer be considered as an
independent variable, but it is fixed by a relation
which differs for every X-ray tube, an example of
which is given in fig. 1.

If one compares the optimum attainable quality
of the photograph for different X-ray tubes, then
under otherwise similar conditions that tube will
be the best in which the permissible specific focal
loading ?) is the highest.

The foregoing has referred to photography As to
fluoroscopy, one must always accept a poorer

?) By spemﬁc loadmg is here meant the ldadmg per cm? of
the ¢ apparent focus; see in thls connectlon Philips techn.
Rev , 262, 1938.
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quality of the X-ray picture, since the loading time
is here very much greater (several minutes), and
therefore the permissible loading of the tube much
smaller 3)./M01'eover, the total X-ray dosage may
rot exceed a certain value for the safety of the

patient. The best compromise attainable with the ..’

limited intensity between contrast and clearness of
the picture can be found by the doctor himself
during the examination by varying the voltage
somewhat, to for instance 10 kV higher or lower
than the value used for the photograph.

I

7 » t
7
e 4

i ) s

= 24

Fig. 1. Relation between tube current I tube voltage E and *
loading time ¢, when ‘the focus is loaded up to the highest
permissible temperature. The surface drawn is for an X-ray
tube with rotating tungsten anticathode and for loading
with so-called commutated alternating current (4 vn]ve con-
nection).

We may now make several stipulations which '
must be met in the construction of the universal
apparatus for diagnosis. The tube voltage ﬁlusj; be
variable between several hundredths of a second
and several seconds;.the current must always be
such that the focus is fully loaded, which means
a variation between 25 and 500 mA, according to
the tube used and the object to be exammed It is
obvious that for obtaining comparable photographs
the values chosen must be easily reproducible.

In addition to these requirements, which are

_connected with the possibilities ‘of variation of the

exposure technique, there are several others.con-
nected with the placing of the patient and the
method followed in the examination, which exert
their influence on the construction of the apparatus.
The X-ray tube and the film holder must be hung
on a standard which permits a rapid and accurate
adjustment of focus and film with respect to the
patient. For the examination of different organs
different standards will sometimes have to be used,'

3) The loading limit here is not set by the danger of meltmg

of the anticathode at the focus, but by the danger to which

. the glass parts of the tube are exposed by too great general
heating of the anticathode.
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IFig. 2. View of the whole X-ray apparatus at the moment when a lung exposure is being
made. On the right the iron tank filled with oil containing the high-voltage generator; on
the left the operating desk. In the middie the standard which bears the fluoroscope screen
or the film holder, behind that the X-ray tube hung on a movable column.

each with its own tube. The switching arrangements
of the tube and any auxiliary apparatus, as well
as the adjustment of the exposure quantities must
be so simplified that the attention of the doctor is
not theréby distracted. In certain cases, such as
stomach examinations, it is also desirable by means
of fluoroscopy to be able to determine the moment
at which the object has taken on the position
or shape which is to be fixed on the photograph. The
apparatus must then be so arranged that the ex-
posure can take place as quickly as possible after
the fluoroscopy. In connection with this the va-
riation of the voltage in fluoroscopy may not affect
the previouslymade adjustment for the exposure, etc.
We shall now show how these different require-
ments are met in the apparatus to be described.

General description of the apparatus

The apparatus consists chiefly of thé tube with
standard, a high-voltage generator for supplying

the tube, a timing switch for switching the tube
load on and off, and different regulatory devices
which are combined in an operating desk. In fig. 2
a photograph of the complete installation is given,
while fig. 3 shows the general plan of the connections.

Fri2s

Fig. 3. Connections of the apparatus (very much simplified).
Ty high-voltage transformer, ¥ rectifier valves, B X-ray tube,
S timing switch. T, auto-transformer for regulating the tube
voltage, T, heating-current transformer, R resistance for
varying the tube current.
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The high-voltage generator contains a trans-
former connected to the local mains, which fur-
" nishes the required high-voltage of Epqx = 100 kV.

This voltage is rectified with four valves in-the

familiar Gritz connection, so-that a pulsating D.C.
voltage with a peak value of 100 kV is obtained

on the tube ( fig.4). The variation of the tube volt- -

age is obtained by changing the primary voltage
" of the high-voltage transformer with the help of
taps on an intermediate autotransformer. The
heating current of the tube is provided by a separate
heating-current transformer; by means of an ad-
justable resistance in series with the primary wind-
ing the heating current, and with it the electron

emission of the cathode, and thus the current

through the X-ray tube, can be varied. The desired
exposure time is finally obtained with the help of
the above-mentioned timing switch which will be
described below, and with which, it may be men-

tioned, the loading time'of the tube can be adjusted

between 1/;, sec and 8 sec in steps. -

Frras

Fig. 4. Variation of the tube voltage with the time. The broken
line gives the variation of the current which is in phase with
“the voltage. In each half period the current reaches a saturation
value at a certain voltage. This current is given by the cathode
emission.

The automatic character of the adjustment

In the above we have seen that when optimum
results are desired the tube current must not "be
considered as an independent variable, but that with

voltage and loading time determined it is fixed for’

a given tube by a relation as in fig. 1. In the case
of the X-ray apparatus developed by Philips the
obvious conclusion has been drawn that in photog-
raphy the current should not be regulated by the
operator, but upon regulation of the voltage (which
mainly “determines the contrast) and the loading
time (which determines the lack of sharpness due
to motion) itmust automatically take on the
corresponding highest permissible value.

Such an automatism can in principle be realized
in a very simple way, see for example fig. 5.

To the axis of the voltage regulator is coupled
a “pre-selector”, i.e. an’ arm which can connect
one end of the primary winding of the heating-
current transformer successively to as -many
“main selectors” as there are voltage steps. The
arms of the main selectors are all coupled with the
_ axis of the regulator of the loading time, and every
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main selector- can continue the above-mentioned
connection with as many . taps of -the heating-
If the

apparatus has m’'voltage and n-time steps, m X n

current resistance as-there are time steps.

taps ‘are made on the heating-current resistance;
these taps are so arranged when the whole instal-

Jlation is adjusted that for each of the m X n pos-

sible combinations of voltage and time values the
proper current value is obtained.-

1772'

Fig. 5. Diagram showmg the prmc1p1e of the automatic ad-
justment of the tube current: T heating-current transfoimer,
R resistance with as many taps as. there are possible. voltage-

. time combinations. K pre-selector coupled with the voltage

regulator (E). Hi, 2, 3... main, selectors coupled with the
time regulator (¢). - :_—;-

The voltage must be: adJustable in steps of about
2.5 kV; for the whole "t tange of variation from 50
to 100 kV, therefore, about 20 voltage steps are
needed. The same number of steps is needed for
the exposure time, so that there would be no fewer
than 400 taps on the heating-current resistance.
Fortunately it is found in practice that a consid- -
derably smaller number is sufficient. The E-I-t
surface of fig. 1 can be approximated by a stepped
surface like that shown in fig. 6. All the voltage

steps are here divided into three groups, and the

v

%41 ////j%@ // ey
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7
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F ] ] * 37228

-Fig. 6. Approxnmatlon to the curved surface of fig. 1 hy a

stepped surface. On the cross-hatched plane surfaces of the
subdivisions the current is constant. .

é’«'«ﬂ‘!&' s

Pt s




16 PHILIPS TECHNICAL REVIEW -

same is done with the time steps. For each voltage
group in the automatic arrangement there is one
main selector which selects one tap for each time
group ). One current value is thus selected for
each of the nine group combinations. The highest
permissible loading is now only attained for the

highest voltage and the longest time of each group

combination. At lower voltages and with shorter
times in the same group the loading may remain
_ as much as 30 per cent below the permissible value;
no important difference in the quality of the ex-
posure compared with the optimum results from
this fact, however.

For, fluoroscopy a variable resistance operated

by hand is connected in the heating-current cir-

cuit. By means of a series resistance the tube
current is prevented from ever increasing above the
permissible value during the fluoroscope exami-
nation. l

The voltage loss

Until now we have represented the case as if
the voltage on the tube could be adjusted quite
independently of the tube current. Actually ac-
count must be taken of the fact that upon flow
of current through the tube a certain voltage loss
occurs which increases with the current. This loss,
which in certain apparatus may amount to 20 kV,
_is caused by the resistances of the high-voltage
transformer, the switch arrangement, the connec-
tion lines to the generator, etc. and by the voltage
drop in the rectifiers. It would of course be possible
to compensate for the voltage loss simply by a cor-
respondingly higher setting of the transformer
voltage. Thishas, however, disadvantages connected
with the automatism here employed. If for instance

an_exposure time of 1/, sec is desired with a tube

voltage of 60 kV, the automatic arrangement
provides a tube current of 260 mA for a given tube.
Suppose that the voltage loss here amounts to
20 kV, the transformer voltage must then be 80 kV

(peak values are meant in every case). If the oper-

ator now raises the voltage one step, i.e. to 82:5 kV,
the following voltage group is reached, where with
1/. sec a current of only 210 mA is provided; the
voltage loss here is considerably less, 16 kV for
instance, the tube voltage is therefore 825 — 16 =
66-5 kV. The whole voltage range between 60 and

66-5 kV is thus traversed in one step without the -

possibility of a finer adjustment.

.

4) Actually the automatic arrangement in the apparatus
described is slightly different; for the sake of simplicity,
however, this simple descnpnon may be considered as
a basis.

Vol.'6, No. 1

‘In order to avoid this difficulty attempts were

made to limit the voltage loss as much as possible

in the whole apparatus. To this end in the first
place a heavy high-voltage transformer with only
slight resistance is used. Likewise for the voltage
regulation an autotransformer with thick windings
is taken and a rotating switch with broad contacts
and thick connections. Furthermore for the rectifier
connections hot-cathode valves with gas filling are
used which have a voltage drop in the transition
direction of only about 50 volts?). A not incon-

. siderable part of the remaining voltage loss is

caused by the resistance of the local mains them-
selves, since the apparatus can take up for short
times energies up to 15 kW. Since this mains resist-
ance may vary very much in different installa-
tions, while it is mnevertheless desirable that the
same voltage losses and thus the same exposure
values should be obtained, an additional variable
resistance in series with the mains connection is
included, which supplements the local mains resis-
tance to give the same value for all installations.
In fig. 7, which shows several other details of the
primary circuit, this is illustrated more fully. The
voltage loss in the mains at 260 mA now always
amounts to 4 kV; added to this are 3 kV loss in the
high-voltage transformer, 0.1 kV in the valves, etc.,
giving a total loss of about 10 kV.

4

I729

Fig. 7. The primary voltage of the high-voltage transformer
Ty is regulated by selecting different taps of the auto-trans- -
former T', with the contact arm W,, For fluoroscopy switch D
is placed on d (o is for photography), and the voltage can be
varied an additional 410 kV with the help of W,. By suitable
choice of the connection IV the apparatus can be used at dif-
ferent nominal mains voltages (between 150 and 440 V).
In order always to obtain the same high-tension values with
a given setting of W, and W, upon variation in the mains
voltage, the input voltage of the auto-transformer can be
varied slightly further with the help of the auxiliairy trans-
former Ty and the switch arm W). § main switch. Ry variable
resistance with which the voltage loss can be made equal for
all installations.

Reproducibility of the édjuétment

The type of automatic arrangement described

aﬂ'ects the construction-of the whole apparatus, not

5) These high-voltage valves have already been desc_ribed
in Philips techn. Rev. 1, 8, 1936.
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only because of the requirement of a low voltage
loss, but also because of the high requirements made
of the reproducibility. Since the tube current
can here be varied by changing the heating current,
it is necessary in the first place that the electron
emission .of the hot cathode should be absolutely
constant. When the emission decreases somewhat

APPARATUS FOR X-RAY DIAGNOSIS

during the lifetime of the tube, the quality of the -

photographs suffers. In the regularly. occurring
checks therefore the taps on the heating-current
resistance must be regulated anew and adapted
to the changed emission properties. More dangerous
than this gradual drift would be the variations
. of the heating voltage and of the resistances in the

heating-current circuit occurring during operation,

since the emission depends very closely upon the
heating current and since instead -of a decrease
in the quality of the picture, an overloading of the
tube could occur. The heating voltage is kept con-
stant, i.e. made independent of mains voltage fluc-
tuations (and of any mains voltage fall due to the
high current during exposure) by connecting a
“stabilizer” in front of the heating-current trans-
former ®). The resistances in the heating-current
circuit must above all be protected from becoming
too hot, which would cause the specific conductivity
to vary. This is especially true for the heating-
current transformer which is housed together with
‘the high-voltage transformer and the rectifiers
in an oil tank, and which therefore h’light become
too hot due to the proximity of the latter. Thanks,
however, to the above-mentioned heavy build

of the transformer and to the use of gas-filled valves -

in which oxide cathodes can be used and which
therefore give the necessary emission with about
10 W heating-current energy, the heating up of
- the whole generator container is reduced. to a harm-
lessly low level.-

The timing switch

. Like current and voltage, the loading time must
be very accurately reproducible, to within ‘a few
per cent, for instance, in order to load the focus
“correctly. This is no simple condition when it is
kept in mind that it is here a question of the switch-
'ing of powers of up to 15 kW (according to the
X-ray tube employed) during times which must be
able to be adjusted between several hundredths
of a second and several seconds. .

The circuit diagram of the timing switch developed
for this purpose is given in fig. 8b. In order to make

its action clear, let us consider first the very much

¢

%) See Philip,svbtechn. Rev. 2, 276, 1937, -
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simplified diagram of fig. 8a. Tﬁe switching of the

" tube voltage (main switch S) takes place by means

of a relay Sp which is excited by a transformer T,
via the relay valve L,. Such a relay valve (gas-
filled triode) can only ignite when the grid as well -
as the anode have a sufficiently high voltage with
respect to the cathode, and only be extinguished
when the anode voltage becomes negative (or falls
below a certain value). As long as the push-button
switch A is open, the grid G, is positive with respect
to the cathode. After A is closed therefore the valve

_ignites as soon as the anode is positive enough;:

the relay receives current and closes the switch S,
the loading of the X-ray tube begins. As the supply
A.C. voltage passes through zero the relay valve is
extinguished, while a half period later it again
ignites. If we now first assume that the time of
of)ening of the relay is so long that the currentless

" periods (during which the anode of L, is negative)

are thereby bridged over, then the high-voltage
circuit will always remain closed. Simultaneously
with the closing of the ‘main switch S, however,
the relay has opened the auxiliary switch F, so

- that the battery B begins to charge the condenser

C via the resistance R,. The grid G, connected to
the upper condenser plate is hereby gradually
made less positive, and after a certain interval of
time, which can be regulated by adjustment of R,
it becomes negative with respect to the cathode.
Now the reignition of the relay valve after the next
negative period of the anode voltage is no longer
possible, the relay Sp falls out, the loading of the
X-ray tube i5 ended. (Special measures have been
taken, so that the swtich does not “repeat”, i.e.
so that it does not immediately switch on again
directly after the restoration of the initial state).

By the variation of R, (and if necessary of C)
the loading - tirne can be regulated within wide.
limits. The reproducibility would, however, by no
means be satisfactory. According as the moment
when A is switched on falls at the beginning or
end of the positive period of the alternating cur-
rent, the loading time may already vary by /100 s€C
(a half period). Still worse are the differences which
may occur by the more or less rapid falling out of
the relay, which, according to the above, must work

with a relative time lag. These disadvantages are

avoided as follows in the actual construction (fig.
8b). For the excitation of the relay, a second relay
valve L, is introduced, whose grid is normally.
kept negative by the D.C. voltage source B;. If,
however, the valve L, is extinguished, a voltage
surge is caused in the secondary winding Sp, of
the relay Sp, which just makes the grid of L, pos-




18 . . ’ . PHILIPS TECHNICAL REVIEW

itive' at the moment when the anode voltage of L,
is positive, so that L, now ignites and transmits
current for half a period. The valve L, thus always
“follows™ the valve L, and supplements the direct
current impulses produced by the latter in the
intermediate half periods. It is not necessary for
this reason to give the relay a long opening time for

bridging over these half periods. On the contrary, °

by making the opening time as short as possible
the fluctuation in this time is also decreased and
the reproducibility increased.

a)
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The connection of different X-ray tubes

The explanation given at the beginning on the
technique of exposure leads to the conclusion that
for every object a definite optimum size of focus
should be chosen. The size of the focus in a given
tube is permanently fixed by the shape and dimen-
sions of the cathode. Thus for every kind of object
one would need a separate X-ray tube with a
definite cathode. For smaller hospitals
financial reasons make this condition a handicap,
a tube has been constructed which contains

where
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Fig. 8. Timing switch. a) Principle of the timing arrangement: after setting the push button
switch A the relay valve L, ignites, the relay Sp switches the high-voltage transformer in
through S, but at the same time opens by means of F the short circuit of the condenser C.
The speed with which C is charged by the battery B, i.e. the setting of the variable resist-
ance R;, determines the time during which the relay valve can transmit current.

b) More complete diagram. In these connections ‘‘isochronous” switching of the relays
takes place at the zero points of the voltage. The condenser C; in the stationary state
(4 open) is charged through the auxiliary transformer T, and, thanks to the rectifying
action of the hot cathode, in such a way that the second grid G, of the relay valve L, is
negative. Upon closing 4 therefore the relay valve cannot immediately ignite. Due to the
fact, however, that the charging voltage of C, is now short-circuited, C, discharges grad-

. ually over R,;the poténtial of G, slowly rises to cathode potential." Through the small

transformer T, an A.C. voltage acts on G, which causes , to become positive just at the
moment at which the anode also becomes positive. At this moment therefore the valve
ignites, independent of the moment when 4 is closed. Switching off always occurs “isochro-

- nously’’ of itself, since the relay valves are always extinguished, independent of the grid

- In-order to obtain a short opening time the
movable parts of the relay must be kept light. This
would not be possible if the relay had-to switch over
the whole energy, but in that case heavy contacts
would be necessary because of the wear. Therefore
provision has been made that the switching on and
off takes place “isochronously” i.e. always at mo-
ments when the voltage (and therefore in our case
the current also) passes through zero. At the same
- time by this device the previously mentioned in-

accuracy due to the arbitrariness of the moment of
"closing switch A is eliminated." The way in which

the isochronous switching is ensured is explained -

further in the text under fig. 8.

voltage, when the anode voltage becomes negative. :

two separate hot cathodes which can be used at
will. By this means at least two different foci are
available, for instance one of 3.1 mm diameter for
moving objects (lungs, stomach, etc.), and one of
1.7 mm’ diameter for stationary objects (skull,
shoulder, etc.). A better solution is the use of an
X-ray tube with rotating anode (“Rotalix” tube 7))
in which the permissible specific focus loading is
a factor 6 to 10 higher than with a stationary anode,
and with which therefore even with a small focus
sufficient intensity for exposures of moving objects
is obtained. ‘

. g D

7) See Philips techn. Rev. 3, 292, 1938.
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The apparatus here deseribed is specially designed
for connection with these two tubes, and the
generator is provided to two sets of cable con-
nections, the choice between them being made with
a built-in high-voltage switch. Several problems
were encountered, particularly in connection with
the cathode supply. The cathode, and with it the
secondary winding of the heating-current trans-
former are under high tension, since the middle
peint of the tube voltage is carthed in order to have
to insulate only against half the high-voltage with
respect to earth. The fact that the cathode is under
high tension led on the one hand to the heating-
current transformer being housed in the oil tank
of the generator (see above) and on the other
hand it made it desirable to carry out as few
switching manipulations as possible in the cathode
circuit. Therefore three heating-current transfor-

APPARATUS FOR X-RAY DIAGNOSIS 19

mers are housed in the generator (see fig. 9). The
secondary windings of two of them are connected
to a post of one set of high-voltage connections
and can supply the two cathodes of a tube with
double focus. The secondary winding of the third
is connected to a post of the second set of high-
voltage connections. Thus upon passing over to
a different tube or focus switching need only he
performed in the primary circuits of the heating-
current transformers.

In addition to the switching over of the high
voltage and the cathode supply, care must also be
taken that the automatic arrangement of the tube
current regulation is correct for each tube (or each
cathode). This is realized in a simple way by using
a separate heating-current resistance for each tube
(or cathode), the nine taps of which resistance are
adjusted separately. Fig. 10 shows how these
automatic units are assembled in the operation desk.
Upon connection of still other X-ray tubes with the
apparatus (for which a separate high-voltage com-
mutator is necessarv) more of such units, up to a
total of six, can be built in.

The commutation of the high-voltage takes place
simultaneously with the commutation of the cath-
ode, of the series resistance for the fluoroscope
heating current (see above) and of the automatic
arrangement, by means of a relay, all of which are
operated at once by a tube sclector mounted on the

desk ( fig. 11).

b

Fig. 9. a) Assembly of the high-voltage transformer T, the three heating-current trans-
formers T, and the four rectifier valves ¥ in an iron container filled with oil (dimensions
about 80 X 50 X 50 cm). Since the valves must be accessible for control, replacement, etc.,
while the transformers, in whose case the insulating oil also serves as impregnating medium,
must remain carefully closed, the container is divided into two parts by a horizontal par-
tition. In fig. 9b a view is shown of the upper part (not yet filled with o0il) in which the
rectifiers are housed. In this part is also the high-voltage switch O for the two sets of con-

nections.




Fig. 10. View of the interior of the operating desk. To the
right in front may be seen three “antomal” units mounted
one above the other, i.e. heating-current resistances with
switch contacts for three different cathodes. If more tubes
are connected to the apparatus a unit is added for each
cathode. Under the cover are the rotating switches of the
voltage regulator, etc. To the left below, the timing switch.

Using the apparatus

The apparatus is so arranged that after switching
on the mains voltage everything is normally ready
for fluoroscopy: the tube receives a small heating
current, the separate voltage regulator (W, in fig. 7)
is switched on, the timing switch is out of action
(D, in tig. 8b closed). In the meantime, however, the
desired voltage and time for an exposure can already
be set, without affecting the fluoroscope image.

For photography, in addition to setting the va-
rious switches (D in fig. 7, D, in fig. 8b, measuring
range of the mA and mA-sec meters K and L on
the operating desk, etc.) the hot cathode must
furnish the higher emission chosen, and when a
“Rotalix” X-ray tube is used the anode must have
reached its working speed. This requires some time,
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about 0.8 sec in both cases. The doctor using the
apparatus need not bother with all these things,
however: all switching operations are accomplished
automatically by pressing on the knob of a hand
switch, while a retarding relay provides that the
timing switch only begins to work after 0.8 sec.

Other mechanisms also which are involved with
photography can be coupled with the hand switch,
for instance a moving raster for attenuating the
scattered rays or a mechanism for bringing the film
holder into position. This is necessary particularly
in the so-called stomach series examination which
was touched upon at the beginning. In this case by
pressing the knob “photography” a film is also
inserted in front of the fluoroscope screen by an
electrically operated mechanism, so that between
the fluoroscopic examination and the photographic
exposure no more than the 0.8 sec mentioned
elapses. In this way the required operations are
reduced to the adjustment heforehand of time and
voltage and the pressing of the knobs “fluoroscope”
and “photograph”.

Fig. 11. The switchboard of the operating desk. By means of
the so-called tube selector F, high-voltage, heating voltage,
automatic arrangement, etc. are all switched over at once to
the X-ray tube to be used. The other knobs serve for the
regulation of the time (G), the coarse and fine regulation of
the tube voltage (B and C), the regulation of voltage and
current for fluoroscopy (£ and D) and the correction of the
mains voltage (A; checked with voltmeter H). On the left
hanging on a hook, a hand switch with which the doctor
standing at any desired distance from the desk can switch
the apparatus on and off in fluoroscopy or photography.
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THE WATERCOOLED TRANSMITTING VALVE TA 18/100

TA 18/100 1s a watercooled transmitting valve, which in H.F. class C
telegraphy adjustment supplies 100 kW and about 38 kW in the carrier
wave, using anode modulation.

The maximum allowable ancde dissipation amounts to 70 kW. Filament
voltage 33 V. filament current 207 A.

Overall length without cooler 120.5 cm, with cooler 133.3 cm.

The photograph shows this valve in a special arrangement, as used in the
new Netherlands broadcasting system, which facilitates easy interchange-
ability of wvalves.
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THE RECORDING OF DIAGRAMS WITH THE ELECTRICAL PRESSURE
INDICATOR

by P. J. HAGENDOORN and M. F. REYNST.

531.787.9

Following a previous article in this periodical which gave a detailed description of the elec-
trical pressure indicalor for internal combustion engines developed by Philips, a further
study is here made of the different kinds of diagrams which can be recorded with this
apparatus. The detailed construction is given of the piston-stroke recorder with which
a deflection of the cathode ray proportional to the displacement of the piston is obtained.

For the routine testing of large engines, in Diesel stations for instance, special devices have
been developed which are also briefly discussed.

With the help of the pressure indicator GM 3 154,
which was described in a previous article 1), the
variation of pressure in the cylinder of an internal
combustion engine can be made visible on the screen
of a cathode ray tube. The pressure variations are
first converted into capacity variations of a con-
denser, cne of whose electrodes is formed by a
membrane in the wall of the cylinders (pressure
recorder). The capacity variations obtained are
used to modulate a carrier wave from which, after
amplification and rectification, the required voltage
for the vertical deflection of the fluorescent spot is
obtained. As to the horizontal deflection, two
methods may be used: it may be made proportional
to the time or to the displacement of the piston,
thus to the volume (more exactly: to the increase
in the volume) of the combustion chamber. In this
article we shall study the way in which these two
types of diagrams and all kinds of variations of
them are obtained, as well as the various auxiliary
apparatus which have been developed for this
purpose.

Pressure-time diagrams

A horizontal deflection of the cathode ray pro-
portional to the time is obtained by applying to the
proper set of plates of the cathode ray tube a voltage
of the form given in fig. I. In order to generate this
sawtooth voltage a time-axis generator is used in
the pressure indicator which corresponds exactly

t

Y
e
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Fig. 1. Sawtooth voltage for the recording of diagrams with
the time as abscissa.

1) P. J. Hagendoorn and M. F. Reynst, An electrical
pressure indicator for internal combustion engines, Philips
techn. Rev. 5, 348, 1940.

to that of the cathode ray oscillograph GM 3 156,

which has recently been described in this periodi-
cal 2).

R

Fig. 2. Normal pressure-time diagram of a four-stroke engine
recorded with the pressure indicator GM 3 154. The time base
is equal to one revolution. This photograph, like those of
figs. 3, 4, 5,12, 13 and 14, has heen put at our disposal by the
Bataafsche Petroleum Maatschappij, Testing station, Delft.
Fig. 12 in the article referred to!) is also from this testing
station,

Fig. 2 shows a normal pressure-time diagram of
a four-stroke engine recorded in this way. In order
to obtain a stationary image on the fluorescent
screen it is necessary that the period of the time
base (T in fig. 1) should be exactly equal to half
the fundamental period of the diagram, thus to
the time necessary for one revolution around the
crank-shaft. By regulation of the time-axis gene-
rator the period of the time base can be set approxi-
mately at the desired value, while exact synchro-
nisation with the engine is realized by an extra
voltage surge which, with Diesel engines, is supplied
once per revolution vig a contact disc mounted on
the crank-shaft to the time-axis generator, and
with petrol engines, by means of the voltage impulse
of the sparking plug.

In the diagram of fig. 2 the following processes
may be distinguished: the sucking in of the gas
mixture into'the combustion chamber (I-2) at a

2) S. L. de Bruin and C. Dorsman, A cathode ray oscil-
lograph for use in tool making, Philips techn. Rev. 5,
277, 1940.
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pressure slightly less than one atmosphere, the
compression of the air (2-3), at 3 the ignition and
beginning of the combustion (3-4), the combustion
(4-5), at which the pressure quickly reaches a peak
value (5), the expansion of the burned and heated
gases (5-6), the driving out of these gases (0-1).

Irirs

Fig. 3. The same diagram as fig. 2 recorded on a larger scale.
The time base here was made equal to half a revolution of the
crank-shaft.

While the sucking in, compression, expansion and
driving out are relatively simple processes, more or
less fixed by the dimensions of the cylinder, the
valve openings, etc., the pressure variation from
3 to 5, i.e. the process of combustion, depends upon
many influences which are not directly controllable.
Here therefore deviations may most easily occur
from the normal action, and here therefore the
control by means of the diagram is most important.
With the time-axis generator the diagram can also
be recorded on a larger scale, so that the details
of the part in question are clearer. For this purpose
the time base is adjusted to a length equal to a half,
a third, a fourth, ...
for example, on the fluorescent screen an image like

revolution. One then obtains.

that of fig. 3. The synchronization arrangement here
also provides that the image is stationary.

In the case of internal combustion engines one
of the most feared phenomena is so-called detonation
which is manifested by the appearance of vibrations
in the expansion lines (see fig. 4). Not only due to

Jrre

Fig. 4. Pressure-time diagrams with detonation vibrations
on the expansion line.
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too heavy loading, incorrect composition of the
gas mixture, carbon deposit in the cylinder and
similar causes, detonation may also occur due to too
high compression and irregular ignition, resulting
for instance from too high a temperature of the
cylinder wall (insufficient cooling).

In certain cases it may be desirable to employ
no synchronization. The following is an interesting
example. If the time-axis generator is set as in fig. 2
but synchronization is omitted, the variation of
pressure for the successive revolutions will not
always appear at the same spots on the fluorescent
screen but will gradually shift, see fig. 5¢. In the

3717
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Fig. 5. a) Photograph of a series of successive pressure-time
diagrams recorded without synchronization. By the gradual
shifting of corresponding points of the diagrams the variation
of the peak pressure and of the compression pressure is shown
as a function of the time. b) A series of successive, very much
compressed pressure-time diagrams. The variation of the top
pressure can here also clearly be seen. The photograph of
fig. Sa us well as those of fig. 6, 17 and 18 were kindly put at
our disposal by the Testing Department of the N.V. Werk-
spoor of Amsterdam,

photograph of such a non-stationary image the
variation with time of the peak pressure is clearly
distinguishable, and also that of the compression
pressure and the ignition, so that the engine con-
structor can judge on this basis whether there are
irregularities in the combustion. Another possibility
of obtaining a picture of the variation of the
peak pressures is to make the time base very
long, i.e. to make the fluorescent spot move only
very slowly in a horizontal direction, so that a
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large number of (very compressed) diagrams are

traced side by side, see fig. 5b.

7 7

37156,

a b
Fig. 6. If the membrane M of the pressure recorder D cannot
be inserted into the cylinder wall itself (a, left) it must be
connected with an indication channel I (a, right). In this
channel gas vibrations as in an organ pipe may occur. Z
piston, ¥ combustion chamber, K indication tap. It must be
mentioned incidentally that in this method of connection too
great a heating of the membrane may sometimes also occur,
since it camnot profit by the cooling by the (water-cooled)
cylinder wall. In this ease cooling fins must be constructed
on the connection piece as may be seen in the photograph ().

Vibrations on the expansion line of the diagram
may also occur due to other causes than detonation.
The pressure recorder often cannot be inserted
directly into the wall of the cylinder, but must be
mounted with a connecting piece on the indication
channel ( fig. 6) with which the cylinders of large
engines are provided as a rule. Due to the sudden
increase of pressure during the combustion (4-5 in
fig. 2), characteristic vibrations can be excited in
the gas column in the indication channel in the same
way as in an organ pipe, which vibrations also
appear in the pressure indicator diagram. By deter-
mining the frequency of the vibrations it is often
possible to discover whether one is concerned with
genuine detonation vibrations or with organ pipe
vibrations. In the diagram of fig. 7 for instance, it

79

Fig. 7. Pressure-tinie diagram with vibrations on the expansion
line, which, upon determination of the frequency, were found
to be caused by organ pipe vibrations in the indication channel.

is found by measurement that the fundamental
period of the vibration amounted to 0.037 times
the duration of one revolution. The engine made
1600 r.p.m., the fundamental frequency of the vi-
bration was therefore 720 ¢/s. On the other hand
the length of the indication channel was 20 cm,
and since in ordinary organ pipe vibrations the wave
length of the fundamental tone is approximately
four times the length of the pipe, in this case with
a speed of propagation of the pressure waves in the
of 580 m/s a fundamental
frequency of 580/0.8 = 725 ¢/s could be expected.
The good agreement indicates that in this case it
was probably a question of organ pipe vibrations.

combustible gases

Pressure-volume diagrams

The mechanical engineer will generally be more
accustomed to record cylinder pressures as a func-
tion of the piston displacement than as a function
of the time. Since the displacement of the piston
from its highest position is proportional to the
volume increase v of the combustion chamber, and
{ p dv is the work done by the gas or the recorded
mechanical work, from the pressure-piston stroke
diagram (pressure-volume diagram) the power
delivered by the engine cylinder can be determined
by planimetry. This was indeed originally the most

important application of the indicator diagram.

36990

Fig. 8. Rotating cylinder condenser in the piston-stroke
recorder. A fixed counter electrode.

In the article referred to!) the principle was
briefly described of the arrangement whereby a
horizontal deviation can be given to the fluorescent
spot which is proportional to the displacement of
the piston. The arrangement consists mainly of
a cylinder cut off at the ends in a certain way, see
fig- 8, which, together with a fixed counter electrode,
forms a condenser. The cylinder is coupled with the
crank-shaft, so that when the engine turns the capac-
ity of the cylinder condenser varies periodically.
The capacity variations are converted into voltage
variations just as in the case of the pressure recorder,
and the voltage variations are then fed to the hori-
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zontal deflection plates of the cathode ray tube.
" We shall here ‘go somewhat more deeply into the
construction of the cylinder condenser.

Since the counter electrode is only relatively
narrow, it may be said that the capacity of the
cylinder condenser at every moment is proportional
to the length of cylinder at the point which is

exactly opposite the middle of the counter electrode. -

Since the capacity variation must be proportional
to the piston displacement, the modec of variation
in the length of the cylinder as a function of the
angle is hereby prescribed. With the help of fig. 9

s

Fig. 9. Diagram showing the motion of the piston; r crank
I piston rod, I and II dead points. With infinitely long piston
rod the piston displacement (s) would be sinusoidal as a func-
tion of the angle a of the crank. Due to the finite value of I
a second harmonic enters the motion, whose amplitude depends
upon the ratio ¢ = rfl.

for the displacement s of the piston from the highest
position (dead point I, at which the volume of the
cylinder is practlcally zero) the following formula
is found:

s=r+l—rcosa—l]/1'—szsin2_a .o @

The ratio ¢ between the length of the crank (r)
and the piston rod (I) generally lies between 1/5
and 1/3.5. When the last term of (1) is developed
in a series: ’

W1 —¢tsinta=1 (1 —1, esin?a—1/;etsinta—...),

then the term with sina is already at least 100 times
as small as the preceding term, so that we may write
in sufficient approximation:

s= r.—rcosa—}— (I €2 sin? a)/2

7]

(1 —- cos 2a) (2)

or. - =

€
(1 —cosa) + 1

-~

The piston thus executes a practically sinusoidal
motion upon which a weak second harmonic is
superposed whose amplitude continues to depend
upon thie ratio of crank to piston rod of the engine
in question. In fig. 10a the development of the

" cylinder condenser corresponding to equation (2)

is drawn for the case where ¢= 0.222 (I=4.5r).
The cylinder is bounded at one end according to

I
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the curve 1—cosa and at the other by (1—cos 2a) ¢/4.
The length of the intermediate section of straight
cylinder is in principle a matter of indifference,
since it involves a constant capacity upon rotation,

while we are only concerned with the variation

in capaclty
The first- mentloned boundary (1—cos «) can be
reahzed Im a very simple way by cutting off the

cyhnder by a flat surface having an arbitrary -

slope g, with respect to the cylinder axis. The boun-
dary at the other end, according to (1—cos 2a) &4
is, however, more difficult to construct practically.
For the sake of simplicity in manufacture therefore
the approximation given in fig. 10b is introduced.

. The curve (1—cos 2a) g/4isreplaced by (1— |cos al) &/2,

i.e. the cylinder is cut off by two flat. planes
whose position may be seen in fig. 8, while each
plane makes an angle of @ with the cylinder axis,
with cot ¢ = (&/4) - cot ;. It may easily be calcu-
lated that the greatest deviation between the curves
of fig."10a and b is equal to &/8. For ¢ = 0.222 this

a)

=
[l

4
N s Qe =/4.
Lo : - T ' S6391

Fig. 10. Development of the condenser cylinder: a) theoretlcally
desired form for a crank-piston rod ratio ¢ = 1/4.5; b) approxi-
mation of the desired form, chosen because of its easy reali-
zation; ¢) on a scale 5 times as large: shape used (full line,
like b) and theoretically desired shapes (broken lmes) for
dlﬂ'erent values of e.
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is a shift of the abscissa of 1.4 per cent of the total
amplitude, an error which may be permitted with-
out serious consequences.

If the same piston-stroke recorder is used for
engines with a different ratio ¢ of crank to piston
rod, larger errors may occur. This may be scen
directly in fig. 10¢ where in addition to the curve
for the recorder used (as in 10b) the form of the
desired curve is drawn for several values of & In
fig. 11 the maximum positive or negative deviation
is plotted as a function of ¢. If an error of 2.5 per cent
is allowed, thc piston-stroke recorder which is
1/4-0.222 cot ¢, is found
1/3.6.
Values of ¢ outside this range pratically do not

constructed with cot ¢
to be still usable for engines with 1/8 < ¢

occur.

h. 12
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Fig. 1l1. Maximum difference f;, /, between the deflection
obtained and that desired of the cathode ray, in per cent of
the total piston stroke, as a function of the crank-piston rod
ratio & of the engine being tested. The values of cot @ and cot ¢,
(sce fig. 8) are here chosen in the ratio of 1 : 18. If a maxi-
muin positive or negative error of 2.5 per cent is allowed, the
piston-stroke recorder so constructed can be used for all engines
with 1/8 < ¢ < 1/3.6, as the figurc shows.

The above considerations actually hold only for the case
where the counter electrode is infinitesimally narrow. When it
has a finite width (angle @), then the capacity at every moment
is given by the average length of the cylinder in the effec-
tive sector of the surface of the eylinder. The efleet of this is *)
that higher harmonies in the variation of the eylinder length
are weakened, the n?' harmonic by a factor (sin ©/2) (n&/2).
In order to obtain sufficient capacity & had practically to be
made equal to 10°. The second harmonic hereby experiences
only a relative weakening by a factor 0.995, so that the effect
may be neglected.

In fig. 12 a normal pressure-volume diagram is
reproduced, recorded with the help of the rotating
cylinder condenser described. In order to obtain

3) The eflect is quite similar to that of the finite width of a
scanning slit which was discussed in: J. F. Schouten,
Synthetic sound, Philips techn. Rev. 4, 167, 1939 (see
especially page 169).
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such a diagram the counter electrode of the cylinder
condenser must have a position such that the highest
position of the piston corresponds to the smallest

37120

Ifig. 12. Normal pressure-volume diagram recorded with the
pressure indicator GM 3 154 and the piston-stroke recorder
described. (Fiere again gas vibration in the indications channel
are superposcd.)

capacity (deflection of the cathode ray zero, or
cqual to a given initial deflection). From the dia-
gram by planimetry, as already stated, the power
delivered by the engine cylinder can be determined,
and from this the mechanical efliciency can be
calculated, for example with the help of the power
measured at the crank-shaft.

Since in the neighbourhood of its highest position
(and lowest position) the piston moves relatively
slowly, the important processes of ignition and
combustion, which take place about the moment
when the piston is in the highest position, are com-
pressed in the p-v diagram into a short section of
the abscissa. Peculiarities and possible deviations
in the combustion cannot therefore be easily dis-
tinguished in the normal p-v diagram. At the time
when mechanical indicators were generally used
the following device was employed to make up
for this unpleasant lack. The motion in the direction
of the abscissa was shifted 90° in phase with
respect to the actual piston movenent, so that the
successive values of the pressure in the combustion
chamber were not recorded above the correspond-
but

ing volume values in the diagram, were

37721

Fig. 13. “Shifted” pressure-volume diagram (same as fig. 12).
The counter electrode of the cylinder condenser fig.8 was here
rotated 90° with respect 1o its normal position.
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shifted a quarter period. The combustion pressures
thus lay in the middle part of the abscissa, where
the motion is most rapid. The diagram obtained

in this way, the so-called shifted p-v diagram, of

which an example is given in fig. 13, gives a better
idea of the actual combustion process than the
normal p-v diagram, and could be obtained with the
mechanical pressure indicator simply by moving
a lever.

For the mechanical engineer who is accustomed
to work with these shifted p-v diagrams, it was very
simple in the case of the electrical indicator to
obtain such diagrams. It was only necessary to
rotate the counter electrode of the above-described
piston-stroke recorder through the desired angle.
The possibility of such a rotation had in any case
to be provided for in connection with the testing
of different cylinders of the same engine whose
cranks always stand at different angles. The con-
struction of the piston-stroke recorder shown in
Jig. 14 is such that the counter clectrode can be
turned with the hand and set at intervals of 30°.
The most commonly occurring crank angles are
multiples of 30°. At the sume time a contact is also
introduced on the axis of the rotating condenser
which is closed once per revolution and which, as
described above, serves for the synchronisation in
the recording of pressure-time diagrams.

For routine testing of large engines, for instance
of large Diesel installations, it is important to be
able to test each cylinder separately. The indicating
instrument is therefore provided with several
connections which, wia several cables, are con-

recorders on the different

nected to pressure

Fig. 14. Piston-stroke recorder Z (GM 4 301) coupled with the
crank-shaft of a high-speed engine. T arrangement for fixing
the counter electrode at definite angles, S connection for the
synchronisation, 4 coupling with the engine shaft, K cable
connection.
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cylinders. When pressure time diagrams are being
recorded, the diagrams of the different cylinders
can be made to appear successively on the screen
of the cathode ray tube simply by operating a
switch. When, however, the piston-stroke base is
being used, in addition to switching over to the
corresponding pressure recorder, the counter elec-
trode of the piston-stroke recorder must also be
brought into the correct position for each cylinder.

A 37/46

Fig. 15. Piston-stroke recorder (GM + 300), larger model with
operation at a distance, for large Diesel installations. The ro-
tating condenser can be coupled with the crank-shaft by means
of a sliding conpling arrangement which is here opened. It is
so made, that it can be closed when the shalt is turning and
the condenser cylinder automatically assumes the correct
position with respect to the crank angles.

In order to simplify this manipulation a special
piston-stroke recorder has been developed in which
the counter electrode can be operated at a distance
with the help of a small servo motor. Fig. 15 is a
photograph of this recorder, while fig. 16 shows the
construction of the indicator which is used in
combination with it for large Diesel installations.
The counter electrode is driven by the servo motor
via a kind of Maltese cross which makes the electrode
stop for a moment at intervals of 30°, so that the
adjustment on the cylinders with different crank
positions becomes much casier. A contact disc is
attached to the counter electrode, which causes a
series of signal lamps on the indicating instrument
to light up, so that the position of the counter
continually be checked. At the
same time in this model of the piston-stroke recorder

electrode can

the axis of the rotating condenser has a contact
disc by means of which the cathode ray can be
periodically suppressed in such a way that the
diagram on the fluorescent screen exhibits an inter-
ruption of the line every 20°. This provides easier
orientation in the diagram.

In connection with the satisfactory functioning
of the latter contact disc, the crank-shaft may not
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make more than 800 r.p.m. With large engines,
however, for which this model is chiefly intended,
such a high speed of revolution practically never
occurs. The simpler model shown in fig. 14 of the
piston-stroke recorder can be applied up to much
greater speeds, and therefore to high-speed engines
such as racing engines.

Fig. 16. Pressure indicator, model for large installations. In
the centre of the upper half is the screen of the cathode ray
tube. The middle of the seven sets of knobs visible helow serves
for the regulation of the compensation and the amplitude for
the piston-stroke base (see the article referred 1o in foot-
note 1) ); the other six sets to the right and left serve for the
correspouding regulations for six pressure recorders on dif-
ferent cylinders of the engine. Above these knobhs may be seen
a row of six times two signal lamps which light up when the
counter electrode of the piston-stroke recorder for the corre-
sponding cylinder is in the normal position or rotated 90°.

The needle-stroke diagram

In addition to the diagrams discussed, the
so-called needle-stroke diagram which records the
motion to the fuel injection needle is also of impor-
tance to the constructor of Diesel engines. This needle
is opened by the fuel pump operated by cams on a
shaft coupled with the crank-shaft. The position
and shape of the cams must be'so chosen that the
opening and closing of the valve needle takes place
at the correct moment; furthermore the fuel supply
line must be of the proper size so that the periodic
pressure increase in the fuel oil will be propagated
in the desired way from the pump to the needle.

Vol. 6, No. 1

In the article repeatedly referred tol) it was
explained that the pressure recorder there described
can in a simple way be adapted to the recording

~—N
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Fig. 17. Arrangement for the recording of a needle-stroke
diagram. N fuel needle, C variable condenser of the pressure
recorder D used as vibration recorder, K connecting piece
for the cable.

of mechanical vibrations. The arrangement amounts
to the setting up opposite the object to be investi-
gated of a fixed, electrically insulated counter
electrode, whose capacity with respect to earth
varies due to the vibration. These capacity varia-
tions, in the same way as in the piston-stroke
recorder and the mormal pressure recorder, are
converted into voltage variations which can be
used for the deflection of the fluorescent spot of a
cathode ray tube.

For recording the needle-stroke diagram a plate
is now fastened above the needle, and above that
the counter electrode of the vibration recorder is
placed, see fig. 17. As horizontal deviation for the

yr2y

Fig. 18. Needle-stroke diagram (I) and diagram of the pressure
in the fuel supply line (2) recorded on the shifted piston-stroke
base. By comparison with the corresponding shifted pressure-
volume diagram (3) the phase of the pressure increase in the
fuel supply line and of the opening of the needle can be accu-
rately checked.
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needle-stroke - diagram the “shifted - piston-stroke
basis” is generally used, which was described above.
If the shifted pressure-volume diagram itself is
recorded simultaneously, it is easy to find out
‘whether the injection takes place at the correct
phase of the piston movement. The use of the
shifted piston-stroke basis is here called for, since
the injection takes place just in the neighbourhood
~ of the dead point of the piston, where the normal
piston-stroke basis most strongly compresses the

diagram. .
In fig. 18 such a needle-stroke diagram is shown,
together with the corresponding shifted pressure-
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volume diagram. The phase of the moment of

injection can be accurately determined to within
several crank degrees. In this figure, on the same

basis, a diagram is also given which was recorded

of the pressure variation in the fuel supply line at -
the pump. This liquid pressure can be measured

with the ordinary pressure recorder used for gas

pressures or with specially developed pressure re-

corders (with larger or smaller measuring range).

In fig. 18 therefore use is made of all three possi-

bilities of applicationh of the indicator GM 3 154,

namely for the recording of gas pressures, liquid

pressures and mechanical vibrations. -
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TEMPERATURE MEASUREMENTS WITH THE OPTICAL PYROMETER IN THE
HARDENING DEPARTMENT -

by J. RIEMENS. .

A pyrometric method is described of measuring'the temperature of a liquid bath between

850 and 1 450 °C with an accuracy of 4-2°. This arrangement is used in the factory for the

measurement of the temperature of salt baths in thé hardeninig department.

The hardening of steel is for the purpose of giving
the metal that structure which possesses the desired
propertles In earlier years when this treatment was

catried out one could for the most- part rely upon~

the experience of the foreman’of the department
Modern metallurgy, however, has fundamentally

altered the situation. New kinds of steel for special

purposes have been - developed, and these steels
require a very precisely determined heat‘treatn_lent
in order to attain the desired properties. This is
especially true of high speed tool steel which is
much used for tools for metal working. In order
to harden these tools they are introduced into a
bath of fused salts and then cgoled‘in a special
way. ‘ ' : '

The temperature of the salt bath is of the greatest
‘importance. In order to obtain reproducible results
this temperature may not deviate moré than about
5" degrees from the Value at which the optimum
result’ is obtained. ‘This value " generally lies be-
tween 850 and 1450 °C.

Temperature measurements in the region men-
tioned can be carried out with sufficient accuracy
not only with the help of thermoelements but also
with the help of an optical pyrometer. For use in
this temperature range only those ordinary thermo-
elements can be used which consist of platinum and
platinum rhodium. In the practical use of these
elements it has been found that the thermoelectric
force gradually depreciates upon repeated heating
above 1300 °C, so that one is compelled to calibrate

 the element repeatedly and toreplace it by anew ele-
ment when the thermo electric force has diminished
,too much. This objection led to the adaptation of
the optical method of measuring.

‘Optical pyrometry is based upon the fact that the

brlghtness of a hot surface, for instance that of the
salt bath, increases rapidly with the temperature.
The brightuess' of the salt surface at a given tem-
perature, however, also depends upon the compo-
sition of the salt, and small impurities may play
‘an unportant part, so that the required measuring
accuracy is difficult to obtain.

Greater accuracy is obtained by immersing in
the salt a body whose brightness is accurately

*
«

known as a function of the temperature. An ab-
solutely black body satisfies the requirement best.
The black body can be realized by immersing in the
bath a tube closed at the lower end. The part im-
mersed must haveé a length at least four times the
diameter of the tube. The radiation which emerges
vertically out of the opening of the tube is then
exactly the same as that of a black body of the
temperature, of the salt bath, within several tenths
of-a per cent. The temperature of the salt bath can
therefore be determined directly by measuring the
brightness of the opening of the tube.

L
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Fig. 1. Arrangement for the measurement
of the temperature of a salt bath: Z salt
bath, B tube (black body), P prism, L
lens, F pyrometer filament, O ocular
lenses S dise, G glass plates. "The length
of the tube B andsthe distance between
B and the prism P are relatively much
greater than shown in the figure.

HEII-

In fig. 1 the arrangement is giVen. The bottom
of the tube is focussed by means of the prism P
and the lens L on a plane in which a glowing wire,
the pyrometer filament, is situated. With the help
of thé ocular lenses O the pyrometer filament and
the image of the bottom of the tube are examined
together. If the current through the pyrometer
filament is so regulated that the filament exhibits

_the same brightness as the tube bottom (and thus

ebecurnes invisible), the deviation of the ammeter
which indicated the pyrometer current immediately
furnishes a measure of the required temperature.

In order to obtain a correct result it is found

that extreme care must be taken that salt vapours

do not interfere with thc pyrometry. By closing
the tube this is sufficiently well ensured. Never-
theless in the long run the danger remains that small
amounts of salt will be deposited on the optical
parts of the pyrometer and thus change the cali-
bration. In order to prevent.this a metal disc S
is introduced between the tube and the prism, and

~is only opened just before the measurement. For

536.52
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all security the prism is also protected by .two
removable glass windows G which can be wiped
clean from time to time. The prism therefore need
never be cleaned, and cannot therefore be brought
out of adjustment. o

After some practice in the setting of the optical
pyrometer an accuracy of measurement of about
2 °C is attained at a temperature_of from 1 300 to
" 1450 °C. An instrument of very good quality must,
however, be used for measuring the pyrometer

current. If an tungsten wire of 75 microns diameter

is used as pyrometer filament, for example, it is
found that the current must be able to be measured
with a reproducibility of 2 tenths per cent.

Since the setting up of a precision inétrungeht
which satisfies such heavy requirements meets with
difficulty in the rough surroundings of the hardening
department, a kind of co.mpensation“ connection

I7/32

Fig. 2. Compensation connections for an accurate détermina-
tion of the pyrometer current. R, R,, R, bridge resistances,
F pyrometer filament.
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-is used for, the measurement of the pyrometer

current. The filament of the pyrometer is connected
in one of the branches of a resistance bridge (see
fig. 2). The resistance of the filament changes ap-
proximately proportionally with its.temperature.
The resistances of the other branches of the bridge
are left unaltered; they are so chosen that at a tém-
perature of 850 °C the bridge "is balanced, while
at, a temperature of 1450 °C the full dev1at10n of
the meter ¥ is obtained.

~ These connections have the advantage that the
temperature range of practical importance occupies.

‘the* whole-scale,.of the* meter, while with a direct

n?leasurement of ‘the" "pyrometer current only about
half of the scale of ‘the ammeter can be used for
this témperature range. The result is that the same
accuracy of +2 °C can be reached with a reprodu-
cibility which ‘is 2.5 times as poor. ‘With a good
switchboard instrument one can measure accurately

~ to within 5°, which is énough for practical pur-

poses. :

The constancy of the optical pyrometer is ex-
tremely great. Thanks to the relatively low filament
temperature of 1 540 °C at the’ highest, the rate of
evaporation of the tungsten. wire is still .very low,
so that the properties of the wire during use remain -

. practically unchanged. A semi-annual check of the

instrument therefore gives sufficient guarantee that
the permissible tolerance in- the measurmg result
is not being exceeded.
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE
"N.V. PHILIPS GLOEILAMPENFABRIEKEN

1506: A. A. Kr}lithof: Towns end’s jonization
coefficients for neon, argon, krypton and

xenon (Physica 7, 519-540, June 1940).

"~ Townsend’s ionization coefficient was determined
for krypton and xenon as a function of E/p,.
Together with results already published for neon
and argon ‘ (see 1106 and 1206), the measurements
“show that for E[py<<40 V/ecm X mm the ionization
is strongest in neon. It is much less strong in argon
and krypton and weakest in zenon. For high values
of E/p, the order is exactly reversed. Beginning
with the fact that the average length of path as a
function of the electron energy varies in about the
same way for krypton and xenon as for argon, the
ionization and probability of excitation could be
approximately calculated for krypton and xenon
from those of argon, with the help of the results
'of the measurements. ’

Furthermore the number of electrons was deter-
mined as a function of Efp, which on an average,
"per positive ion formed in the gas, are freed from
a copper cathode. The curves found make it pos-
dible to divide the freed electrons into two groups.
One group contains the electrons liberated from
the cathode by the collision of positive ions, the
other group contains the photoelectrons freed by
the very short-wave ultra violet radiation of the
gas. For high values of E[p, the first group is the
largest, for low values the second.

1507: J. D. Fast: The action of gases on solid
metals (Chem. Wbl. 37, 342-350, June 1940).
(Original in the Dutch language)

In the corrosion of solid metals by gases a solid
solution of the gas in the metal can be formed,
whereby the gas atoms diffuse toward the interior
of the metal, and a solid reaction product may be

“formed on the surface whereby the metal atoms

diffuse through the layer formed in the direction-

of the gas phase. These phenomena are discussed
in detail and illustrated with numerous examples,
literature and some from the
Part of the material

some' from the
author’s own experiments.

*) An adequate number of repvints 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’ Gloellampenfahneken, Eindhoven (Holland),
Kastanjelaun ' .

P4 . o “

tivity.

discussed in this article will be found in the August

number of this periodical (5, 217, 1940: Metals as
getters). ~

1508*: F. A? Kréger: Luminescence:in solids con-
taining manganese (Dissertation, Amster-
dam, July 1940).

In order to gain 1n51ght mto ‘the part played by

manganese as an activator in phosphors, silicate

‘and sulphide phosphors were investigated. In both,

the manganese is present in solid solution in the
crystal lattice, and is equivalent to the metal ions
of the substance which serves as basic material.
The light which excites the phosphors corresponds
to their absorption spectrum and consists of discrete

. bands in the ultra violet and visible spectrum

(characteristic of manganese), of a broad sharply
defined band in the ultra violet resulting from
the fund:;niental absorption of the built-in manga-
nese compound, and in the third place of a broad
band, at the long wave end bounded by the above-
mentmned and at the short wave end with no
observable boundary. This latter band is the fun-

. damental absorption band of the basic material.

Irradiation with light in the two last mentioned
parts of the spectrum leads to fluorescence and
phosphorescence accompanied by photoconduc-
Irradiation in the first part gives only
fluorescence. The luminescence is characteristic of
the built-in manganese ions and is ascribed to elec-
tron transitions within the manganese ion (tran-
sitions between the fundamental terms of the d°
configuration of the half-filled d shell).

The zone theory, which takes account of the pos-

‘sible energy levels in solid substances, is extended
to include solid solutmns, so that a usable model

for the phosphors is obtained. With this it is shown
that according to the characteristics of the emission
a classification of the phosphors into two groups
is possible. In the first group the’ emission, process
takes places within the excited centre, the emission
is only secondanly dependent upon the environ-
ment. In the second group " this env1r0nment
the basic material into which the activator is built,
plays a part and the emission spectrum is strictly
determined thereby. Manganese phosphors, accord-
ing to the 1nvest1gat10ns referred to above, belong
to the first group-




- VOL: 6 °

. No. 2, pages 33- 64-

FEBRUARY 1941 ’

Philips Technical Review

‘ DEALING WITH TECHNICAL PROBLEMS
" .+ ‘RELATING TO THE PRODUCTS, PROCESSES AND INVESTIGATIONS OF
' o " N.V. PHILIPS’ GLOEILAMPENFABRIEKEN

EDITED BY THE RESEARCH LABORATORY OF N.V. PHILIPS" GLOEILAMPENFABRIEKEN, EINDHOVEN; HOLLAND

R -

AERODROME ILLUMINATION BY MEANS OF WATER COOLED

R . MERCURY'LAMPS -

R e byTh.Jlj.A.'MANDERS.

628.971.8 : 656.71 : 621.327.3

. For the illumination of the landmg area of an aerodrome a light source set up at the edge
of the area is used which emits a flat, fan- -shaped beam of light. Rough calculauon shows
that the beam must have a vertical spread of the order of 1° or less, whlle the luminous

intensity must amount to more than 1 million candle power.

For the realization of such

a beam, watet-cooled high-pressure mercury lamps are particularly suitable. A. descnptlon :
is given of the mercury lamp SP 2000 W, which for the purpose in viewis provided with
a coolmp,r system with a closed water circulation.

For safety in makmg nlght landmgs on an
aerodrome, in addition to an adéquate beaconmg
of points around the aerodrome '), the first requi-
~rement is -an efficient illumination of the land-
ing area itself. From the nature of the case this
area must, however, be quite free of obstacles such
as masts and the like. The illumination, which nat-
urally involves the setting up of apparatus at a

certain height above the ground, ‘can therefore only |

. be installed albng the edge of the landing field.
. The requirements which result from this condition
" for the construction of the light sources to be used

* will be briefly discussed in this article. It will be .

found that the high-préssure mercury lamp, par-

“ticularly that with water cooling, is especially

- suitable for this purpose. Such a lamp provided
, with a closed coohng system will be descnbed in
: detall

, ,Requlrements for the ﬂlummatlon of the landmg field

It is in general desirable that such a length of the
landing area should be illuminated that the aero-
" plane upon landing and running out comes to a
- stop upon the lighted part of the field, and that such
a width of the field should be illuminated that the
pilot has plenty of leeway in choosing the spot
- where he shall land, and that there shall be no dis-

) turbing\c'ontrast to the right or left of his field of-

vision. According to the internationally established

'1) See G L. van Heel The illumination and beaconmg
of aerodromes, Phlhps techn. Rev. 4, 93, 1939

T e

rules (C.LE. 1935 and 1939) o ‘the basis of “these

" considerations minimum dimensions of 600 X 300 m
are recommended for the part to be ﬂlumlnated
Since the pilot must not be blinded:by the sourcev
of light, the ﬂlummatlon is arranged to be from only
one side of the ﬁeld namely in such a way that the .
direction of the hght rays is almost coincident with
the direction in which. the aeroplane moves in
landing. Furthermore, in, order not to form an
obstacle ‘and also for practical reasons, the light

source may not be too high. An arrangement is thus ~

arrived at like .that sketched in-fig. 1. The light

Yo
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Flg 1 Dlagram of the arrangement of alandmg hght (pvertlcal '
angle of spread of the beam. The height k is here very much
exaggerated for the sake of clearness. %rawn to scale, £ wold
be about 1/, mm in thls ﬁgure g

source here throws a ﬂat fan- shaped beam on the
field 2). o : S
In the above- mentioned mternatlonal rules it-is
reqmred that the lowest illumination intensity oc-
curring, i.e. that at the farthest extremity of the

‘- part to be ﬂlummated must amount to 1.5 lux

B

2) The oblique 1llummat10n of the: field causes long shadows
to be cast by u'regularmes of the surface. In order-to limit
this undesired efféct the light source will be set up in every

- case as high  as is compatible with’ the ohjectnons men-
tioned. .
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(measured in a vertical ) plane). It is still better
to count on a minimum of 2.5 lux. On the
other hand it is recommended that the highest
illumination intensity occurring, which is found at
the side of the field near the light source, should

- be limited to 25lux, in order not to spoil the adap-

tation of. the pilot’s eyes. In order to satis
P y

“ this requirement the light source is mounted at a

sufficient distance (x in fig. 1) from the edge of the
area to be illuminated.

If for the sake of simplicity we assume that the
light beam is sharply bounded above and below
and that the luminous intensity is constant over
the whole vertical spread, we can easily calculate
the required light intensity I and the angles of
spread of the beam. When ! is the length of the area
to be illuminated (I = 600 m) the distance x follows
from the condition that

I-‘I 25:2.5
x2'(l+—x)2— AR L]

% = 0,46 I ~ 280 m.

The tht" i'nten'sity thus becomes

I = 25280°~2 million candle power.

Between the helght h of the light source above the
ground and the vertical angle of spread ¢ the fol-
lowing relathn is found:

- h

1+ =x

At a height of h = 3.5m, ¢ ~ 1,0, If theusualvcon-
dition is made that the pilot must also be able to
land at angles of up to 45° to the right or left of the

~ 0,0025 h. -

P ~,

i

direction of the beam, it follows (see fig. 2), that the -

horizontal spread of the beam must be at least
80°. . , .

~ Actually of course it is impossible to create a
beam of light with' the sharp boundaries here as-

" sumed. The light intensity will decrease more or less

gradually toward the edges. We have also entirely
neglected atmospheric absorption in the above con-
siderations. Nevertheless, it is sufficiently clear what

3) In connection with the oblique illuminafion the measure-

- ment on a vertical plane is called for. These measure-
ments, however, usually also provide a good measure for
the effect obtained (the brightness observed by the pilot),
since the landing areas are usually covered with grass, so

" that the illuminated “plane” actually consists of number-
less, almost vertical reflecting planes. The greatest bright-

h .ness is actually observed in the_direction of the illumina-

- “tion. The level of brightness then corresponds approxi-

_: mately to that on well-lighted roads with an’illumination

" intensity of 3 to 10 lux

unusual requlrements are, here made of the light

source

SHEFT
Fig. 2. Ground plan of the landing area upon which the il-
luminated part is indicated. Approaching in any arbitrary
direction within an angle of 90° the pilot must have an il-
luminated area 300 X- 600 m.

The most suitable method of obtaining the fan-
shaped beam described is to place a lamp along the
horizontally placed axis of a cylindrical parabolic
mirror, see fig. 3. In the direction of the axis the

Tig. 3. Cyhndncal parabolic mirror at “whose axns the hght- ’

emitting body is 51tuated

luminous body may be faiﬂy long. In order to keep

the .vertical spread of.thé beam small, however, -

the transverse dimensions of the radiating body
must be small with respect to the dimensions of
the mirror. If huge mirror constructions are not -
desired the lamps must be constructed with a very”

. Vol. 6, No. 2

.

narrow luminous surface, while in order to obtain -

the necessary light intensity, the briglitness of the

. radiating surface must be very high. It is possible
to satisfy these requirements with suitably construct- -

ed electric filament lamps; fig. 4 shows the filament

systems which must be used. A more elegant so- -
~lution of the problem, however, lies in the use of -

high-pressuremercury lamps which naturally
have a linear form and a great brightness. The
spectral composition of mercury light is also es-
pecially suitable for illuminating a green grass field
with which most aerodromes are covered 4) (either
completely or surrounding the starting runways).

1) See in this connection the article referred to in footnote1)..
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Fig. 4. In order to obtain the desired beam formation the
light-emitting body must be made very narrow, while it may of
course be long. The photograph shows the constructions used
when the necessary light flux is to be obtained by means of a
filament.

Air-cooled and water-cooled mercury lamps

In the article referred to!) a description has
already been given of a high-pressure mercury
lamp (HP 1000 W), which was developed for use
in aerodrome illumination. With the help of a
cylindrical parabolic reflector a maximum light
intensity of 25000 candle power was obtained,
with an angle of spread of the beam of about 2°
(by the angle of spread of the beam is meant the
angle at which the light intensity has fallen to one
half the value occurring in the direction of the axis).
In order to obtain the desired illumination of the
landing area, therefore, several of these lamps must
be used.

High-pressure mercury lamps have a greater
brillance, the higher the power consumed per cm
length of the discharge column ). Not only does
the light flux increase with this power, but in ad-
dition the efficiency also rises, while the diameter
of the light-emitting discharge decreases. Since the
power which the high-pressure mercury lamp can
consume is mainly limited by the heating of the
tube wall, considerable improvement in brightness
is obtained by applying a forced cooling of the tube
wall. While in the case of the lamps type HP 1000 W

Table 1
Data of the water-cooled mercury lamp SP 2 000 W

Power consumed I 2000 W

Light flux ab. 120 000 Im
Efficiency ab. 60 lm/W
Length of discharge , 50 mm
Greatest brightness (at axis) ab. 30 000 cp/cm?
Average life 150 hrs
Beam obtained (with reflector):

vertical spread ab. 1,1°

maximum light intensity ab. 1,3.10% cp.

mentioned, where the cooling had to take place by
means of the surrounding air, a maximum brightness
(at the axis of the discharge) of 1400 ¢.p./cm? occurs,

5) See for example Philips techn. Rev. 2, 165, 1937 and the
articles there referred to.
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when water cooling is employed values 20 to 30
times higher are easily obtained, and in laboratory
tests values even 100 times as high ). In table I
the various data are given for the water-cooled
mercul{ylamp SP 2000 W, which, like the HHP 1000 W,
is especially intended for aerodrome illumina-
tion. It may be seen that even with one or two lamps
the whole landing area can be illuminated. In fig.5
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Fig. 5. Light distribution curve of the lamp SP> 2 000 W in a
cylindrical parabolie mirror; ¢)-in a vertical plane perpendicu-
lar to the focal, line, b) in the horizontal plane through the
foeal line. The light intensity at the axis of the beam is 1.3 mil-
lion candle power, the angle of spread in the vertical plane is
about 1°, and in the horizontal plane about 90°.

the vertical and horizontal light distribution curves
of the lamp with reflector are reproduced, while
fig. 6 shows the distribution of the illumination
intensity over the illuminated area.

Besides the economic advantages which result
from the greater brightness (possibility of a better
beam formation) and the higher efficiency, the
water-cooled lamp has another important technical
advantage over the lamp which is not artificially
cooled. When a mercury lamp is switched on it
must first become warm before it produces the full
light flux. When the lamp is switched off, re-ig-
nition is only possible after sufficient cooling of the
lamp (decrease of the mercury pressure). While the
lamp with natural cooling requires several minutes
both for warming up as well as for cooling, the
water-cooled lamp after being switched off is almost
immediately ready for action again, and upon
switching on, thanks to the high power consumed, it
heats up to final temperature within a few seconds.
These advantages are very important for an inter-
mittent use such as will often be necessary on aero-
dromes.

%) 1In this way it has been possible to exceed the brightness of
the sun which is about 165000 c.p./cm? (Philips techn. Rev.
1, 62, 1936). In the article referred to in footnote 1) the
lamp described in the following, SP 2 000 W, which was
then still at an experimental stage, was announced.
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Fig. 6. Diagram of the distribution of the light over the il.
luminated landing area.

Construction of the water-cooling system

The way in which the water-cooling system is
constructed is shown in fig. 7 7). The quartz tube
filled with mercury vapour is situated along the
common axis of two cylindrical glass jackets. The
water first flows through the inner cylinder and then
flows back through the ring-shaped space between
the two glass cylinders. The inlet and outlet for
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Tig. 7. Mercury lamp with water cooling. The water flows in
at A, along the quartz tube K of the lamp inside the inner
glass cylinder C,, then between the cylinders C; and C, back
again, and out at B. On the right the current lead S which is
insulated from the cooling water by means of the rubber cap R
which is pressed into place by a “Philite” cap.
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the cooling water are therefore both at the same
end of the lamp, and the connection is made by
means of the connecting piece shown is fig. 7. This
forms at the samme time the current lead to one
electrode, while the current lead of the other elec-
trode is insulated from the cooling water by means
of a rubber cap over the end of the quartz tube
(see figure). The connections for the current at one
end and the inlet for the water at the other are so
constructed and mounted in the reflector that when
the lamp with jackets is adjusted, the light-emitting

?) For special cases other constructions are also used besides
the one described in the following. The inlet and outlet
of the water may also be at opposite ends of the lamp.
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discharge automatically coincides with the focal
line of the parabolic mirror.

An effective cooling is obtained by the double
stream of water. While the light must indeed pass
through a double layer of glass and water here, only
a small amount of the visible light is absorbed, so
that it constitutes no objection in this case. The
necessary amount of cooling water with a permis-
sible rise in temperature of the water of 70° amounts
to 6 to 8 l/min. Due to the relatively small surface
on which the transfer of heat can take place, fairly
high speeds of flow must be maintained (about
5 m/sec), for which an excess pressure of 0.3 to 0.5
atmosphere is required.

From what source shall the necessary cooling
water be taken? It would seem obvious that it
should be taken from the local mains. For various
reasons, however, this apparently simple solution
is not satisfactory. In the first place, the position
where the light source must stand for a landing is
not usually fixed. The aeroplanes must in general
land against the wind; therefore according to the
direction of the wind the landing light must stand
at different points along the edge of the landing area.
Whether this condition is met by setting up a large
number of lights around the aerodrome, from
which a choice can be made, or by means of one
movable unit, — in either case an elaborate network
of water pipes would have to be laid for the cooling
water. A second objection is encountered in the dif-
ficulty of protecting the pipe lines from freezing in
the winter. And last but not least, the water from
the mains is generally not pure enough, so that
a deposit is quickly formed on the quartz tube of
the mercury lamp. This deposit consists partly
of the familiar boiler scale, often, however, of carbon
and other substances which are formed by the de-
composition of organic and other impurities present
in minute quantities, probably due to the unusually
intense ultra violet radiation to which the water
flowing along the lamp is exposed. Such a deposit
not only causes a lower light transmission and there-
fore a decrease in the yield of light, but it is also
accompanied by a local overheating of the tube
wall due to the greater absorption and the poorer
transfer of heat to the water. This may result in the
attack on the inside of the the tube (etching) by
the mercury vapour, which then more quickly
shows a tendency to break at the spots attacked.

Closed cooling system

All these objections can be avoided by providing
the mercury lamp with a cooling system with a
closed water circulation. The danger of freezing
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can then be avoided by adding a suitable anti-
freeze substance to the water, while the water can
be kept free of all impurities which might be sub-
ject to decomposition. As anti-freeze, alcohol with
a trace of sodium phosphate is usually used. Be-
cause of the danger of decomposition it was found
necessary to take care that the alcohol is also free
of impurities. It was also found necessary to use a
greaseless seal for the axle of the circulation pump,
since the small amounts of grease which entered
the water with the ordinary packing were also dc-
composed and again caused a deposit on the lamp.

The cooling-system constructed contains only
about 1!/, litres of water. Considering the fact that
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Fig. 8. Construction of the cooling system. The centrifugal
pump P keeps the water in circulation. The electromotor M
drives both the pump and the fan ¥ which serves for the
cooling of the radiator L. D is a pressurc automaton which
switches off the current when the water circulation is defective.

* F7165

for the mercury lamp SP 2 000 W, according to the
above, 010 8 litres of cooling water per minute are
necessary, after leaving the lamp the water has
only about 10 sec to lose the heat it has taken up and
to be cooled to the initial temperature. For this
purpose a radiator of the type used in motor cars
has been used. The radiator is cooled by means of a
fan on the same axle as the centrifugal pump which
makes the water circulate and driven by an electro-
motor of 150 W. Fig. 8 and 9 show the arrangement.

If for some reason the circulation stops, then in
order to prevent destruction of the mercury lamp
the current must immediately be cut off. In the
inlet connection of the cooling water to the lamp a
pressure automaton is introduced for this purpose; its
construction is indicated in fig. 8: the cooling water
fills an accordion-like tube which expands more or
less according to the water pressure and thereby
depresses a push button which operates a switch in
the current circuit of the lamp. If the pressure falls
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Fig. 9. Photograph of the cooling system,

below a certain value, i.e. if the push button comes
up far enough, the switch reverses and interrupts
the current supply. By means of a setting screw
on the push button, the pressure can be regulated
at which the switching off will occur.

Fig. 10 shows how the cooling system and the
reflector are combined to a unit. In this arrangement
the air current sent through the radiator by the
fan also contributes to the cooling of the reflector.
The chassis is constructed as a section, i.e. if desired
different complete systems can be set one above the
other when one lamp is not sufficient. The reflector
can be rotated about its focal line by means of a

Fig. 10. Chassis with reflector and cooling system. The plate S
screens off the light from the mercury lamp K which is directed
upwards in order to prevent blinding. The fan contributes to
the cooling of the reflector. Several units like the one shown
can be piled one.on top of the other.
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Fig. 11. Three units one above the other (fig. 10) are here
mounted in a rain and sand-proof house.

screw, so that the beam can easily be set at the right
angle, or when several lamps are used simultaneous-
ly the beams can be made parallel. The systems
piled one on top of the other are mounted in a rain
and sandproof house with a glass window, see
fig. 11, so that the mirrors are protected against
atmospheric influences. The necessary air for the
cooling of the radiator is let in and out through a
number of slits behind which a kind of labyrinth
is placed to prevent the passage of rain, dust, etc.
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For aerodromes in the country which cannot be
connected to electric mains, or for cases where
no lines can be laid around the whole aerodrome
in order to obtain the necessary freedom in setting
up the landing light, the latter is combined with
a motor aggregate on wheels for generating the
current. Such a unit is shown in fig. 12,

Iig. 12. Combination of a landing light with a petrol engine
plus dynamo for the generation of the current. By means of a
built-in winch and the lever parallelogram visible on the
aggregate the light can be brought to any height between
2 and 4 metres. By adjusting the length of the feet of the car
the fan-shaped beam can be made parallel to the surface of
the landing area, and then by rotating the reflector about its
focal line the beam may be directed on the field at the desired
angle.
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, A RECTIFIER FOR SMALL TELEPHONE EXCHANGES S

by H.A. W, KLINKHAMER.' L

v

For the supply of telephone exchanges which function entirely without supemslon acon- ~
nection in parallel'of a rectifier and a battery is ordmanly used. The current-voltage charac-

o oa.
. . v

621. 314 634 621 316. 722
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teristic of the rectifier must in this case, as cxplalned in this artlcle, sat1sfy very spccml

requirements in order to ensure the desired constancy of the supp]y ‘voltage; and at the

same time to keep the battery in good condition. A descnptlon is given of a rectifier devel- - %

oped by Philips, whose characteristic possesses the desu'ed general form. The calculation *
_of the characterisitic shows that it consists of two separate branches; one for normal and ) .o "

one for heavy loading. As appears from a closer exammatlon, this results in a particularly

satisfactory behaviour of the rectifier when in use. Moreover, the output voltage of the -
rectlﬁer is practlcally 1ndependent of mains voltage vanatmns )

For the supply of telephone exchanges a D.C.
voltage is in general required which must be able
to be kept constant within very narrow limits.
At too low a voltage the selecting elements, which
make the connections, work too slowly, so that a
wrong number may be obtained. At too high a
voltage, spark formation, which is very detrimental -

to the life of the installation, increases very much,.

-, and this is intensified still more by the more rapid

* working of the selectors, In the case of the instal-

lations of the "Netherlands' Post, Telephone and
Telegraph the condition  is made that the supply

voltage of the large exchanges must remam between -

60 and 62 volts, mdependent of Val'latIOIlS in the
“load. -

" Usually a comblnatlon of an accumulator battery
and a converter or rectifier is used for the supply
" The converter_ or rectlﬁer, whose output voltage
must remain within the limits given, even upon
' “temporary voltage variations of the A.C. mains,

serves for ordinary purposes, whlle the battery'

- which is less economical in use, Serves as a reserve
when the mains voltage is interrupted by a defect
~(emergency use). Moreover, the battery serves to
combat “cross talk”. The microphones of all tele-

phone subscribers' are connected in parallel with-

the voltage source and are therefore coupled via
- the internal - resistance of the latter. Current
variations in ome microphone therefore -cause
similar variations in all the other microphones

- unless the coupling resistance is made extremely

small. This is accompl1shed by the permanent
connection of the battery with its very low internal
resistance, see fig. 1. When the battery has had to
deliver current once, it must be recharged as quickly
as possible in order always to have as large a re-
serve as possible. Furthermore, in order to keep

. it in good condition, the battery must be charged
several times a month to a slightly higher voltage
than the nominal (for example to 66 volts instead
~of 62 volts) . ‘

In the large exchanges the checkmg of the _

voltage and the maintenance of the battery can be
entrusted to: the, operating personnel. In'the case
_of small’ exchanges with ‘only several - hundred ‘sub-
scribers, however, one has to, do w1thout such per-

. sonnel; maintaining the constancy of the voltage,
“in this case within somewhat wider hm1ts, namely '

57 to 63 volts, and the care of the battery must here
therefore take place automatlcally. ,We, shall in

.the - followmg descnbe a” rectifier’ w1th selen1um :
valves (type No. 3028) wh1ch has been developed by .

. Philips for these unattended exchanges, and whlch

.is adapted to a h1gh degree to the spemal requn‘e- ‘
VE .

ments of this purpose.. » .. .. .. .‘,.'i‘:. :
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Fig. 1. Connection in parallel of rectifier, and- battery. The
loading current I, is distributed over selecting elements, mi-

crophones, ete. in the telephone network in connectlon, and "

the exchange T. - .

* The general nature of the characterlstlc of the .
: rectlﬁer S

It is easily understandable that an ordmary

rectifier, i.e. a collectlon of valves, connected to .’

the mains via an ordinary ‘transformer, would be

useless for the purpose in view. In the first place the ‘

D.C. voltage of 60 volts obtained, for instance,
might already vary about 12 volts, due to the fact

that the mains voltage may rise or fall as much as

ten per cent above or below the nominal value.
In addition there is still the voltage variation due
to changes in the loading. The current-voltage
characteristic of an ordinary 60 volt rectifier with
blocking-layer ‘valves exhibits ‘a fall in voltage

due to the voltage loss in the valves, which with

full load may amount to 15 to 20 volts. If these
variations are compared with the above-mentioned

margin of 6 volts, namely from 63 to 57 volts,
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" it is clear that different methods must be applied

in the construction.

The permissible voltage hm1ts for ordinary use
actually become still narrower due to the following.
The battery voltage is equal to the rectifier voltage,
and with voltage variations which are not too
rapid, the state of charge of the battery follows
this voltage.
voltage falls back just at the moment when the
battery voltage had adjusted itself at the lowest

It may now occur that the mains

value for ordinary use. If one is to be sure that .

the battery in ‘an emeérgency can then maintain

.the voltage above '57 volts for a given number

of hours, the lowest voltage value for normal use
may not lie below, say 60 volts, see fig. 2. The
voltage margin for the rectifier, i.e. the permissible
fall in voltage in the ordinarily employed section
of its characteristic (BC in fig. 3) is thereby limited
to a maximum of 3 volts.

63V
.60 T S
57 — - ! .
E I I
- i | |
I s
L e ek |
g . 1 t
Normal use Emergency - l

. . ) ) 37309

Fig. 2. In normal use the supply voltage may vary between
the limits indicated of 63-and 60 volts, for instance. In emer-
gency use,. when only the battery functlons, it may fall to

: In ‘addition to tbis statement about the part of

_the characteristic in normal use; it is also possible

to say soniething about the ends of the characteris-

© . ti¢, i.c. about the behaviour with small and large
~ currents. With large currents a rapid fall is desired

in order to prevent overloadmg of the blockmg-layer
valves. At very small currents a steep rise of the

characteristic is useful (fig. 3). This means that upon

very slight consumption the battery will be loaded

not only to the normal maximum voltage of 63

volts, but to a still higher voltage, for instance to

66 volts. Since periods of very low consumption
regularly occur at week-ends, the above-mentioned

requirement of the periodic higher charging of the
battery is automatically. met. In this way one
indeed comes into conflict with the requirement
that the telephone automaton comnected to the
battery may not work at a voltage above 63 volts.

_ Practlcally, however, no dlsadvantage is_felt when

the - characteristic in this region is steep enough.
A few calls are then already sufficient to cause the
voltage to fall to 63 volts again. Upon each call

Vol. 6, No.. 2

a call converter is switched in which provides the
call signal, and which continues to function during
the entire conversation. This converter consumes

EWV) )
66

! 1 1 ! ]
o 1 2 3 4 I(A

- . “ . S7310

Fig. 3. Desired form of the rectifier characteristic. The section
BC is used normally; CD during peak loads, 4B in periods
of very low loads (week-ends). -

a much higher current than is provided by the
rectifier at the high voltage of 66 volts.' Therefore
under these conditions considerable charge is taken
from the battery upon every call, while as may be'
seen from the discharge curve of the battery, only .
a very small part of its ampere-hours need be taken
from the battery to cause its voltage of 66 volts
to fall to 63 volts. - )
The characteristic actually obtained will in the
following be compared with fig. 3, which represents
roughly the desired form of rectifier characteristic. .-

Construction of the rectifier

The connections of the rectifier are given in
fig. 4a. Their action can best be explained by first
considering the simpler connections of fig. 4b which
have long been used by Philips ). The iron core of

‘the transformer T, which is connected to the .-

mains vig a condenser, is highly saturated at nofmal
currents, the field of the iron and thus also the
secondary voltage E, therefore remain practically

i
) ¢ .
~ °‘|
~Ar £, P
o—]
© 7307
b)

Fig. 4. a) Conncctions of the rectifier. T, is a normal trans- ,

former, T, g transformer with a highly saturated. .

iron core. ¥V qre four selenium valves in the

Gratz ‘connection, S a smoothing choke, r a

. loading resistance. . '
b) Slmphﬁed connections. The output voltage E,
- is here insensitive to mains voltage varlatlons, l)ut

" mot yet insensitive to load changcs -

[N

1) See this periodical 2, 276, 19372
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. --constant m Splte of falrly large vanatlons of the equxvalent circuit dlagram glven in fig. 5a The transformer
) *  inains voltage U However, upon varlatlon of the Tl is here represented by the admittance —ju, the valve square

: secondar current, as a result; for mstance of a with thé load corinected is replaced by an ohmic resistance . *
' y ? ? with the admlttance g- The admlttance of ‘the condenser C . .

is '1ssumed to be ju. The transformer T, is replaced by the
7. or connected via rectifier valves, E, is found to constant A.C. voltage U,

- change quite con51derably in magmtude and és-

- o ‘change in the loading resistance in’ direct connection

pecially in phase (with respect to the mains voltage)
~The D.C. voltage obtained by rectification of E,

is proportional to E, in the first instance, and the
voltage losses must be subtracted which occur

in the valves, in the winding of the transformer,
etc. Since E, and these losses are all independent
of mains voltage fluctuations, this is also true of the

"+ D.C. voltage obtained, so that the chief condltlon

L Uo 064) Uy . «—R—

b ) ’ . " . 37308

Fig. 5. a) Equivaleni-circuit dlagram for the rectifier con-
nections of fig. 4a.

. is satisfied. Due, llOWeVer, to the variation of E 'b) Vector diagrams of the equlvalent circuit. At a

- e given value of the admittance u. (to be considered

with the current taken off and to the fact that the .as a parameter) the point P can be found as the
_voltage losses mentioned increase rapldly with the . . point of intersection of the two circles indicated » -

_current, the. relation between D.C. voltage "and by bmken lines. R

: e direct current produced is by e means found to At a given value of the admittanceg a certain A.C. voltage’

. possess the desrred form. The slope of this charac- il act over it and a certain alternating current will flow
<"~ teristic in the ordmary loading region is much . through it. The relation occurring upon variation of g between,
S steeper than that correspondmg to the sectlon BC these altérnating voltages and. currents, thc “A.C. character-" R
'of fig. 3. » ) . istic”, whlch (except for the:voltage losses) gives a picture -
: of the required rectifier characteristic, is constructed by means .-
of the vector diagram. This is of course mnot permissible,
ary voltage E, Of a small transformer T, WOl‘kmg strictly speakmg, since the elements of the network are not all
at normal iron mductlon is in series with . While independent of the voltage, and the currents and voltages are -

the vector E changes in phase and magnltude when therefore ‘not sinnsoidal: the self-induction u varies when the

- the’ current taken off varies, the vector E, thereby A.C. voltage acting on it changes, according to the magneti- * -
: zation curve of the transformes core. Nevertheless it is found

- In the, complete connections of fig. 4a the second-

e ._remams constant "in Phase and magmtude. By that no large error is made when  the vector’ dlagram valld
: giving the transformers su1table dimensions, pro-  for sinusoidal voltages is used ?). . A :
' vision may be made that the sum of the two_ vec-, The vector diagram is given in fig." 5b The potentml of

", tors remains nearly constant in thie normal region- point 4 in fig. 5a is set equal to zero, the complex Potel_ltlfll B
“of currents, or even that it increases with increasing of point P is indicated by the same letter P. The potentials U,

S v In thi the characteristi be iven and .U, are opposite because of the direction of wmdmg of the
Current. In this way the char cteristic can be give ,transformerT Thcvoltage P-Uzactsong,thecurrent through

o the desu'ed slope. Thls will become clearer from th(’ ’ g is g(P- ). The l)ehav1our of ‘these two quantities upon va- -

o calCUIatIOIlS to l)e given presently ) . "~ . riation of g can be'derived most simply by using u asaparam- .
L As concems the behaviour of the rect1ﬁer at eter. For every value of g a certain valuc of uw1]lhe effective, -~
Fos hlgher currents than normal ‘the calculations show ‘.‘and for-4 given value of u the point P in the diagram may be
R - found as the intersection of two circles: firstly the circle around -
'~ .: . that the characteristic here " deviates, con51derably o
PR the origin w1th the radius |P], which accmdmg to the mag- "";
; : erm the form § given in ﬁg. 3. The Shape Ob?:amed\ netlzatlon curve (measured with alternatmg current) corre-"
¢ . however, is found to provide an’even more satis- sponds to the given value of u; P—0 is the A. C. voltage on the -
., factory functlonmg of the rectifier than could be sell-induction. Sceondly the semi-circle constructed through,the SRS
T expected from the shape of ﬁg 3. . points which represent the potential U, and a potential . -»
o The calculatlons aré given below. Do Py = U, * v(v~u). For the potential P from the condition that .+ %
oo . gl - ) the sum of the* currents at this node is equal to zero, the fol- o
Calculanon of the chamcterlshc k - lowmg & quatlon is ohtamed : . o e
The. calenlation may be carried out with the help” of the : R ' 8 (P— 2) = juP +]v(U —P), R |
_'. %) .Since E, varies at the same time as the mains voltage or " g (P— )— (u—v)] (P—U1 ) e (1)
S varies, it might be thought that the action of the highly C . .
- saturated transformer T would to some degree be.rendered - Since g and (u—v) are real quantmes, the voltage vector S
o . fruitless.. Actually, however due to the addition’ of E, _ i e R
L it is found that the dependence of the output voltage on T ' s
* ...~ mains voltage variations can even be still further decreased; ) The errors can only be large at small output currents’ _
- see also fig. 10. All this holds only for the normal mains *(<0.7 amp) where the voltage on u and thus the iron , .
-~ frequency. Upon variations in the frequency the.output induction is_the highest. In the followmg considerations
voltage also- varies, rel'ltlvely about 1.6 times as much as however, it is primarily just with the region of hlgllel' cur- o

the freqency S . B -rent$ with which ave are concerned.
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P-U, according to this equation is always perpendicular to
the voltage vector P—U, - v(v—u), i.e. P lies on the semi-circle
mentioned. When P has been constructed in this way for a
value of u, a point on the required A.C. characteristic is also
found, since the distance P—U, gives the voltage on g and the
distance P—U; * v/(v—u) multiplied by u—v according to
equation (1)‘indicates the current through g. A

If the construction is carried out for a large number of values
of u, then, with the magnetization curve wvalid in our case,
. the point P describes the line given in fig. 6. From this, by
measuring point by point the distances indicated, the A. C
charactenstxc is found, see fig. 7. )
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Fig. 6. Line described by thé peint P found accordlng to fig. 5b,

when different values are successively chosen for u. At each

point P (and corresponding Py) the length of the two lines

P—P, and P—U, gives two ¢orresponding values of output

alternating current (numbers along  the curve) and A.C.

_voltage and thus a point on the “A.C. characteristic”’. The small
“circles give séveral points determined by measurements which
- are, found to coincide well with the calculated curve.

It is instructive to make a comparison between the com-
plete connections of fig. 4a and the simplified connections of
" fig. 4b. The vector diagram for the latter would correspond in
_haturé with that in fig. 5b, except that U, would have to be set
"equal to zero, and the second circle which furnishes point P
would thereby change slightly for each value of u. The curve
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«.‘Tlg 7. A C. charactenstlc .drawn w1th the help, of ﬁg 6
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~in ﬁg 6 (hne descnbed by point P) would in this case remain " -
D m .
practically. uncharged; as output voltage, however, the dis-

tance from P to 0 would have to be taken (broken line), which
falls rapidly with increasing current, while on the contrary

. \::1‘) -
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the distance from P to U, occurring as output voltage in the

actual connections exhibits an incréase with increasing
current 4),

After subtraction of the various voltage losses the D.C.
characteristic of the rectifier is found from the curve of fig..7.
Considering the fairly rough approximation, this curve is
found to agree quite satisfactorily with the measured charac-
teristic which is reproduced in fig. 8. )

(3

y, 1
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Fig. 8. Measured charactenstlc of the rectifier. The' operatmg
points on the loop which join the branches BC and DFG
are not stable, so that a transition between the two branches
can only take place by j Jumps, namely from Vto F and from
G to B.

Behaviour of the rectifier in action

In the characteristic obtained of fig. 8 it can in
the first place be ascertained that the normally
used part (corresponding to BC in fig. 3) meets
‘the requirements very well: the output D.C. voltage
‘at a loading with 3 amps. (the highest normally

* occurring) lies only about 3 volts lower than with

1/, of this load.

The end of the characteristic toward hlgh cur-
rents has a very remarkable shape. A separate
branch here occurs which shoWs -a fall similar to

. that sketched in fig. 3 (CD). This branch is connect-
‘ed by a loop to the rest of the characteristic on
which the operating point is situated upon normal
'loading 8).: Upon closer. cons1derat1on, however,
g 1t is found that not all the operatlng pomts on f.lllS

. adapted to the requirements if the point U, is laid slightly
.+ below the extension of the line 0—U,. In order to obtain

¢ .
such a phase difference between U; and Uz, however, a

three-phase mains would be needed.

Qualltatlvely it 4s immediately clear that the connectlons
behave quite differently in this region (low voltages on

~u): the iron of T is here no longer saturated, the self
induction therefore becomes so great, i.e. the admittance
—jw so small, that this branch of the equivalent -circuit
*fig. 5a can be ‘entirely neglected. We then have sinmiply a
condenser' and a resistance connected in series with the
voltage U, U,; in this region point P in the vector diagram
therefore, moves along a semi-circle constructed through
U1 and U,. . . .

The hehaviou'r, of the output voltage ean be ksti.ll hetter '

~
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loop are stable. When the operating point, moving
along the line BC, reaches C where the voltage is
60 volts, it then jumps from there to F on the other
branch and runs along the line F'D. Moving in the
opposite direction, however, it passes from D
through F to G, corresponding to a voltage of 63
volts, and then jumps suddenly to B on the first
branch.

This remarkable form of the characteristic is
particularly favourable for the maintenance of the
battery. Every time such a long continued high
loading occurs that the battery voltage falls below
the limit of 60 volts desired for ordinary use (i.e.
every time the operating point tries to fall along
BC over C), the rectifier begins to work on the
branch DFG and continues to work on it even
after the conclusion of the peak loading. This means
that the battery, discharged to a low voltage, which
has had to supplement the rectifier current up to
the desired higher value during the peak loading,
is again charged with the full rectifier current of
3 to 3.5 amps, until its voltage has risen to 63 volts
(operating point G). Only then does the rectifier
current suddenly fall to a lower value (0.7 amp. at
point B). One may therefore be sure that after a
peak loading the whole reserve of the fully charged
battery will be available in the shortest possible
time, and on an average the battery voltage will be
much closer to the maximum of 63 volts than
could be reached with a characteristic according
to fig. 3.

The behaviour described is well illustrated by
the record given in fig. 9, on which the current is
recorded which was delivered by the Philips rec-
tifier during several hours of normal use in a small
so-called end exchange of the Netherlands Tele-
phone. The strong fluctuations in which the cur-
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rent does not rise above about 2 amps, indicate that
the rectifier continually adapts its current delivery
to the load, and the operating point shifts back and
forth on the section between B and C of the charac-
teristic. At several load peaks, however, it may
be seen that the current rises to 3 amps; at these
points the battery voltage was 60 volts. The
current is then maintained for a moment at the
high value (the slight variation in these truncated
high peaks indicated a shift of the operating point
to the branch DFG) until the battery voltage has
again reached 63 volts. At the end of each peak the
current suddenly falls again to a low value.

Upon variations in the mains voltage the rec-
tifier voltage remains practically unchanged, as was
stated above. This is clearly shown in fig. 10, where
the characteristic measured is given for three values
of the mains voltage. It is remarkable that the out-
put voltage of the rectifier for a low mains voltage
lies even slightly higher than for a high mains
voltage.

If after a long continued defect in the mains
the battery is entirely discharged, and it is desired
to charge it up as quickly as possible, the rectifier
can furnish a higher current of for instance 4 amps
by a commutation (7, in fig. 4a is short circuited,
C is increased).

The “week-end voltage”

In the above calculation and discussion of the
rectifier characteristic it did not appear whether or
to what degree the apparatus described satisfies
the requirement that at very small currents the
voltage must rise approximately as in the section
AB of the curve in fig. 3.

If we now consider more closely the connections
consisting of a rectifier, a smoothing choke, a bat-

e e

Fig. 9. Registrogram of the direct current delivered by the rectifier during several hours
of normal use in a small so-called end exchange of the Netherlands Telephone. At the trun-
cated peaks of about 3 amps. the rectifier was working on the steep branch of the charac-
teristic (DFG in fig. 8). .
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1‘1@,r 10. Measured charactcnstlc of the rectifier at a mains voltage lowered 59% (a), at
normal voltage (b), and at.a mains voltage raised 5% (c).

tery and a loading resistance ( fig. 11a), it is found
that such a rise in the characteristic as mentioned
above occurs of itself In -ordér to understand this

* one must first conslder the clrcult with the battery

m1ssmg The rectlﬁer g1ves ‘a’ commutated A C.

'voltage (ﬁg 11b) theé choke, however;’ "which
‘acts as a kmd of. “ﬂywheel” ‘keeps the current

through the resistance constant except for a sllght

ripple. Therefore .an almost’ constant ~voltage acts

<

on’ the resistance which ‘is equal to the average

.value of the voltage . of fig. 11b. If the battery is
'now connected in parallel Ywith the * res1stance and
: .llf its voltage is-: exactly equal to:-the average value

mentloned the circumstancés - remain the same.

. ‘It is true that in the shaded’ part of the curve ‘the -
w ;_‘f'counter EMF of the battery is h1gher than the

voltage given by the rectifier; one might therefore
think that the valves would be loaded i in the blocking
du'ectlon and thus no lofiger transmit current. Ac-

‘ ‘, *tually, however, the choke’ dehvers a voltage which
supplements the momentary rectifier voltage to ‘the’
amount of the counter EMF In other words. ‘the

. %l‘"-;
|5

~r—ibhbb~

Sryie

a) . b

Tlg 11 a) Connectlons of rcctlﬁer valves Vi, choke S, bat-
tery B and loading resistance R.

b) Commutated A.C. voltage (peak value Fo) which
acts on thé terminals x-x in (a). A practically
constant voltage with a magnitude of (2/7). Eq

.- aects on the terminals y-y. If the loading current
. .I; is very small, the rectifier no longer delivers
_ current throughout the whole period of the A.C.
voltage, but chiefly at the moments when the

commutated A.C. voltage exceeds the counter

EMF of the battery

~

choke by its flywheel action prevents the current
interruptions which might occur. The choke can do
this when its self-induction and the average current
are high enough. If the latter is now made smaller

‘and smaller, the choke will finally .no longer.be

able to deliver the required voltage during the
whole shaded period, current interruptions occur.
This means, however, that the rectifier begins to
furnish alatge proportion of the total current at
moments when its momentary voltage is higher
than the counter EMF of the battery, i.e. the battery -

-is ‘charged and the whole adjusts itself to a higher

average- D.C. voltage. In the extreme case when
the load is zero. the process of charging the battery-
by the peaks of the voltage of fig. 115 will proceed -

until the hattery voltage has become equal to the . .. - s

maximum value of the commutated A.C. voltage.
This is actually what was desired, except for the -
fact that the rise “of the characteristic generally

begins at too large currents, since the self-induction ©

of the choke cannot be made mdeﬁmtely large, and

'therefore already at’ relat1vely high currents it is

no longer sufficient to suppress current interrup-

. tions entirely. In order to obtain the desired steep- -
~ ness of the characterlstlc in this region in spite of - *

this, a second choke- w1th a closed iron core is con-

‘nected in series with the smoothmg choke. At .
normal currents the iron is saturated, the self-in-~

duction is therefore small and the choke may be ' '
cons1dered not to be present. " At small currents,
however, where one still works on the steeply rising -

branch of the 'magnetihation curve of the iron, the

~ self-induction is very high, so that here the choke

still prevents current interruptions down to very ..
small loads. This effect can be seen in fig. 12. - _
- If the load remains zero or very small for very -
long (quiet period of the week-end) the operating
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point then slowly climbs up the steep lefi-hand
extremity and the battery, as desired, is charged
to a voltage higher than 63 volts. The heights of

EW)
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O oA

0 Ly T (| I L 2
0 05

I

I35

Fig. 12. Beginning of the characteristic of the rectifier with
chokes. By means of a small basis load (about 0.12 amp.)
such a piece is cut off the left-hand end of the characteristic
that the desired maximum voltage (“week-end voltage™)
oceurs,

this maximum voltage will depend upon the cir-
cumstances, i.e. upon the number and distribution
of the calls. In order to ensure that the bhatteries
in all the exchanges are charged to the same excess
voltage on Monday morning, a variable resistance
(so-called basis load) is connected to the rectifier
in parallel with the battery. By taking off in this
way a larger or smaller no-load current from the
rectifier, a larger or smaller piece of the charac-
teristic is cut off on the left-hand side (fig. 12). Due
to the fact that the characteristic rises so steeply
here, the “week-end voltage”, which without any
loading would rise to 75 volts, can be reduced to
the desired voltage of for instance 66 volts with a
basis load of only a few watts. In the photograph of
fig. 13 the screw with which the basis load and thus
the week-end voltage can be regulated may be seen
at the upper centre. In this photograph the other
components of the circuit may also be seen and are
referred to in the text below the figure.
Summarizing it may be said that the rectifier here
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described, because of its independence of mains
voltage variations and because of the form of its
characteristic, guarantees satisfactory functioning
of the telephone automaton and maintenance of the
battery. Thanks to the steepness of the character-
istic at large currents, overloading of the blocking-
layer valves is made impossible. This also makes
possible the direct connection of the rectifier in
parallel with a second rectifier, for example upon
enlargement of the exchange. The fact that due to
unavoidable small differences in the characteristics
the load will generally be divided very unevenly
over the two apparatus, constitutes no objection
because of the impossibility of overloading. The
efficiency of the apparatus in normal use amounts
to about 65 per cent. The power factor is 0.57, with
current leading, however, so that the apparatus
helps to improve the power factor of the mains.

Fig. 13. Photograph of the apparatus opened. C condenser
(see fig. 4a), T, highly saturated transformer, T, normal
transformer, ¥ selenium valves, S chokes, 4 screw for regu-
lating the “week-end voltage™.
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AN APPARATUS FOR THE TRANSMUTATION OF ATOMIC NUCLEI

by F. A. HEIJN and A. BOUWERS.

539.172: 621.319.52

For the transmutation of atomic nuclei use may be made of ions which have been acceler-
ated by a high voltage and with which the atoms to be converted are bombarded. An ap-
paratus for this purpose is described, with which an accelerating voltage of 1'/; million
volts is used, while the substance bombarded is at earth potential. The quantity of neutrons
obtainable with this apparatus is approximately the same as could be produced with 5
kilograms of radium. At the end of the article various scientific and medical applications

of the installation are discussed.

In recent years there has ‘been a very rapid
development of that branch of physies which deals
with atomic nuclei. One of the ‘most important
» pieces of apparatus for research in this subject and
for practical applications which have already grown
out of the investigations is the apparatus by means
of which a very high velocity can be given to certain
particles (ions), which are then used to bombard

other particles. Two apparatus of this type, which .

were then called “neutron generators” because of
their most important application, have already been

described in this periodicalt). The accelerating volt-.

ages were 300 and 600 kV respectively in those

cases. In the case of the 300 kV neutron generator
the yield of neutrons, although relatively 'large,
was insufficient for many (particularly medical)
purposes. The 600 kV apparatus has the disadvan-
tage that the part where the transmutations take
place was under high tension and the possibilities
of its application were therefore limited. The yield
of neutrons of the 600 kV generator was already
considerably higher than that of the 300kV gener-
ator, but further enlargement remained desirable.

-1y F. A, Heijn, The productibx{ and use of neutrons, Pfﬁlips

techn. Rev. 3, 331, 1938.
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Tig. 1. Diagram of the whole apparatus. I source of ions, 2 acceleration tube; 3 arrangement

; - for capture of the ions, 4 pumps, 5 flexible joint between the upper acceleration section,
= ~ 6 shielding cap, 7 supporting columns for the cap, 8 manometer current and voltage meter
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- Therefore a start was made on ‘the construction of a
apparatus with an accelerating voltage of 1.25 mil-
lion volts in which the transmutation chamber is
‘earthed. In the following we shall give a description
of this apparatus which is set up in the Philips
laboratory, as well as several exalrlples of its ap-
plication.. o

Like the previous- apparatus, the present one
consists, mainly of two parts: a’tube in which the
ions are produced and accelerated by a high volt-
age, and an installation for generating the necessary
high voltage. Fig. I is a diagram of the whole ar-

rangement. Since the available room was not high'

enough for the high-voltage generator (the generator
is about 5.80 m high, while. in order to prevent

flashover, the ceiling must lie several metres above
the top of the generator), it was placed in a pit about .

1.30 m deep. The vertically placed tube is placed
at floor level; beneath this tube is a chamber 3X3m
excavated to a depth of 2.50 m which can be entered
by stairs at the side. In this chamber, in which the
investigator can remain with safety while the ap-

paratus is working, the transmutations take place. -

Entering and leaving the chamber is of course only
possible when the high voltage is turned off. The

. switching desk for the operation of the apparatus .

is entirely outside the generator room. In this way
the person who operates the apparatus is protected
against X-rays and other radiation which may be
excited at various points, while through several
lead glass windows he can still have a good view
_of the room; moreover, he is in telephonic commu-
' nication with the investigator in the transmutation

chamber. - - : '

The tube

In fig. 1 the general construction of the tube may
be seen. It contains a source of ions (1), in which the
ions used for the transmutation are produced at
a potential of 1.25 MV with respect to earth. The
ions then “fall”, accelerated by the potential dif-
ference through the acceleration tube 2. In the
lower section of the tube which projects through the
floor into the laboratory below, the ions are captured
by the substance which is to be transmuted (at 3).
" In this chamber the pump installation (4) is also
housed, which provides the required low pressure
in the tube.

The ton source

It is only necessary to give a brief description

. of the source of the ions since it is practlcall)r the
same as that of the previously described apparatus

1
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Fig. 2 shows a cross section of it. Between the chro-
mlum-plated copper anode cylmder A and the
aluminium cathode cylinder K a voltage of 50 KV
is applied. The whole is filled with the gas whose ions
are to be used for the bombardment. In the space S

IRl

37515

X =

fig. 2. Cross section of the jion source. 4 anode, K cathode,
S discharge’ chamber, k channel through which the ions reach

- the acceleration tube, O lines for the oil cooling, H gas inlet, -

I insulating glass ring which is fastened by means of welded
chrome iron flanges to' A and K. With the flange E the ion
source is fastened to the acceleratlomtuhe V.

‘

a discharge then takes place, and the‘positive gas
ions hereby formed can pass through the channel k
drilled in the cathode to the outside, and so into

" the acceleration tube. Due to the special shape of

cathode and anode, at mot too high a pressure
(0.02 mm Hg), a concentration of the discharge
occurs in the neighbourhood of k so that a large
percentage of the ions are available for acceleration.

. The anode must dissipate an energy of several kW;

an oil-cooling system is therefore applied (oil

lines 0), about which we shall say more later.

_The ion source, after being completely assembled;
is inserted into the top. of the acceleration tube with .
a rubber ring under the flange E. It is unnecessary

. to screw the flange tight, since after evacuation the

air pressure holds the components firmly together; - -

" the rubber rmg provides for a vacuum-tlght seal.
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The acceleration tube

The acceleratlon of the ions takes place in seven
stéps. The acceleration tubé is subd1v1ded into”-
seven sections (see fig. 1) to each of which is applied
1/. of the total voltagc, thus about 180 kV. In each
section are two hollow tube-shaped-electrodes (see

A and B in ﬁg. .3). The jons ﬁy w1th a constant

e H

- -H

H

-~ - N
: - H
- \

\L

[y

Jr316

Fig. 3.°0nc of the seven‘acceleration scctions. A and B hollow
eléctrodes through which the ions move and between which
they are accelerated with 180-kV. C.metal cylinder which sur-
rounds the acceleration chamber. D and E ietal flanges for. -
piling-the “Philite” cylinders on top'of eachother, F shielding

caps for improving the form of the electric field, M holes i in the -
transverse partitions for decreasing the flow resistance.

-

: velocrty through the one hollow . electrode, are

accelerated .in the space between the electrodes

; with 180 kV, then, ~again with constant velocrty,_‘

pass through the followmg tubular electrode, etc.
This subdivision of the voltage is necessary in order,

“to av01d t00 hlgh a field strength and thus cold‘

electron - emission " at ‘certain - spots. in the tube,

" while 4 ‘moreover the division of the tube into sec-

_ tions makes it p0s51ble everywhere to limit the dis-

" tances covered by stray ions and electrons to such
a degree that they can do no harm. '

-Thé sections consist of “Phllrte” cylinders wh1ch
are provided w1th air-tight metal flanges (D and E).

’ The electrodes’ are fastened to the ﬁanges The
: space between the electrodes of each section is

further surrounded by a metal cyhnder (C). This,
prevents the f‘Plnhte” wall from being struck by:
electrons which are freed. from - the cathode of each i
acceleratlon section by ions whlch strike ‘them.:

The complete sections are prled on top of each

- other with rubber, rings between for the vacuum
" seal. Here also it is unnecessary for the sections to
be screwed together, since they are pressed together

7

-
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by the air pressure with a force of 750 kg. In this
way tubes for any desired acceleration voltage can
be built .up. Since the high-voltage générator “is
built on this sectional principle it is .possible to
begin with a small installation and to enlarge it

- later on for higher and higher voltages. :

The flanges of the sections, set one upon the
other, are surrounded by metal caps (F) in order
to make the field “vary more uniformly and to
prevent corona discharge. To these caps the ap-
proximately 4 m long resistances are also connected
via which the voltages are applied to the successive
sections. The various details may be scen in the

photograpb ﬁg 4
The arrangement for captunng the ions -

The .arrangement for capturing the ions below

the tube is shown in fig. 5. After passing through

the last acceleration section the ions pass through

“the tube G, the vacuum tap K and the glass inter-

mediate section H (this and the insulation ring I
in the ion source, see fig. 2, is the only glass which

-occurs in the ‘whole tube) and finally reach the

tube T at the ‘bottom of which the actual disc
for their capture is situafed. This ‘disc consists of

_the substance which js.to be transmuted Alto-

gether, from the channel -k in the ion source to the
disc the ions cover a-distance of about 4 m.Since

in doing this they must pass through a large nu_m"ber{
of ‘narrow tubes, namely the hollow electrodes, -

care must be taker that the beam of i ions is directed
exactly along the axis of the tube. The posslblhty
of making this adjustment is obtained by making
the joint between the first and second acceleration
sections flexible (5 in fig. 1). By means of a simple
mechanism operated from the underground ‘la-,
boratory by an 1nsulat1ng axle, the upper section

" 'with the ion source can be given the correct pos1t1on

while the tube is working. The ad]ustment can be
controlled visually by observing the beam of i jons

'on its way through the glass section I. In spite
Aof the h1gh vacuum the beam is v151ble here. as a’

light ‘ streak ' because of its very great mtenslty‘
In order to be able to control the position and the

‘cross section of the beam more accurately, a quartz.
: plate is introduced into section H, ‘which by means
of a ground joint can be turned iato the beam for

a moment. At the spot where it is struck the quartz

immediately becomes white-hot, and thus 1ndlcates

the ‘pos1t10n of the beam.

Becaus(, of the considerable heat developmcnt
dué to the ion bombardment the disc ¥ must be -

»
e

cooled by a rapid stream of water. The same is true- .

of the tap K.and other parts of th earrangement for
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Fig. 4. View of the apparatus. In the foreground the 4 m long acceleration tube with three
“Philite” supporting pillars for the shielding cap, and below, through the opening, the la-
boratory in which the transmutations take place. In the background the high-voltage
generator whose successive stages are connected by approximately 4 m long resistances
to the corresponding sections of the acceleration tube.




capturing the ions can be seen. - : T~

. pressure of 0.02 mm Hg), while
.in the acceleration tube the pres-
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the capture of the ions which might be struck
by scattered and reflected ions and thus become too
bot (see the cooling spiral L). When the spot
on the disc which is bombarded has become useless

due to burning in or sputtering _
the whole arrangement can be E
shifted slightly, by means of a
flcxible connection (I) with the B
acceleration tube, so that the ions - g
strike a different spot. For chang-.

ing the disec, when for. instance
another substance is to be trans-

‘muted, the acceleration tube can

be shut off with the tap K, so - oo
that no air enters it when the - HE
capturing device is opened. y
Fig. 6 is a photograph of the '
laboratory in" which the various
details of "the arrangement for

L~

The pump installation

The ion source only works satis-
factorily at not too low pressures
(we have already mentioned a

sure must be as low as possible, Fié.
preferably lower than 1074 mm Hg.
The difference in pressure between
the two spaces which are conncet-
ed by the chnanel k in the cathode
of the ion source (fig. 2) can be
maintained by vigorous pumping
of the acceleration tube; the neces- ’
sary pumping speed will be lower, the longer and
narrower the channel k.- This channel i is, however,
made falrly short and wide (5 mm long, 3 mm dia-
meter) in order to enable the ions to leave the source
easily and to obtain a high intensity of the ion
beam. Therefore a very high speed of pumping
was necessary. In addition, it is only possiblc to

Lo
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connect the pump to the earthed lower end of the
4 m long tube, and in spite of the great diameter
of the tube (30 cm) a not inappreciable loss in-
speed may occur here. Even with an adequate vac-.

floor ‘.leve'l
P
@
uum at the lower end the pres-
. sure in the upper acceleration
: section would be too high. All
~—

measures have been taken.  to -
7 make the flow resistance “of the
L ‘tube as low- as possible; for in-
' stance thc horizontal partitions

A . with many holes (M in fig. 3). A
n - pumping speed of about 100 1/s
: at the bottom of the tube was
finally found to be necessary. This -
very speed is  obtained by four
oil-diffusion pumps in parallel,
which, together can even reach a
. speed of 140 1/s (at 10‘4mmHg) A
' A special construction made it pos-
sible to -connect the four pumps
’ directly to the bottom of the tube
' (see figs. 5 and 6) so that the loss -

5. The arrangement for cap-
. turing theions. G last electrode tube
at earth poténtial, through which
the accelerated ions arrive, I flexible °
_]omt, K tap, H glass intermediate
section, S ground glass joint by
which the quartz plate U can be
turned into and out of the ion beam,
V disc for capturing the ions, L
cooling spirals, P pumps, Q connec-
tion lines to the preliminary pumps

- in speed which any vacuum line
~ would inevitably cause is avoided.
The pumps require a fore vac-
uum of 103 mm Hg, which is
obtained for each two high-vacuum
pumps by one oil-diffusion pump
of smaller dimensions. These two
'prehmmary pumps in turn require
a fore-vacuum (about 0.2 mm Hg)
which is provided by one rotating
pump of the ordinary construction.
The connections (Q in fig. 5) between high-vacuum
and fore-vacuum pumps must have a large diameter
(10 cm) in order to avoid speed losses here also.
Furthermore buffers are introduced between the
various pumps in order to ensure a more stable
functioning.

The vacuum is contmually controlled from' thc

-

between the sections are provided: -
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switching table by means of a Philips vacuum
meter 2), while moreover a safety device provides
that defects in the pumping system are immediately
indicated by lamps on the switching table. This is

Fig. 6. The laboratory in which the transmutations take place.
The glass intermediate section in the arrangement for capturing
the ions may be seen, and beneath it the tube at whose end
the disc of the substance to be transmuted is placed. Above may
be seen the four oil-diffusion pumps grouped around the tube.
On the table is a counting apparatus with which for example
the intensity of the neutrons radiation obtained can be deter-
mined.

very important since a lowering of the vacuum
may cause a breakdown in the tube which may
result in serious damage with the high-voltage used.

Other details

Above the tube is a broad metal shielding cap
which is supported by three “Philite” columus
(clearly visible in fig. 4), and which fulfils several
functions. In the first place it serves to prevent
the distortion of the electric field along the tube
under the influence of the ceiling, etc. By means
of the large radius of curvature of the cap (the small-
est radius of curvature occurring is 30 c¢m) and by
smooth finish of the surface the occurrence of
of corona discharge is prevented. Furthermore
various auxiliary apparatus are housed inside the
cap, namely bulbs with supplies of gas for the ion
source, a 50 kV rectifier for the supply of the ion
source, and parts of the cooling system of the ion
source. As to the gas used, most work is done with
ions of hydrogen or of deuterium (so-called heavy
hydrogen). The necessary gas flows from the bulb

%) ¥. M. Penning, Philips techn. Rev. 2, 201, 1937.
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in question via an adjustable valve into the ion
source. According as the pressure in the supply
bulb falls, the valve must be opened wider in order
to maintain the required pressure in the ion source.
Since this adjustment must be able to take place
while the apparatus is under high tension, an axle
of pertinax for turning the valve is mounted in one
of the three “Philite” columns mentioned. This axle
is driven by a motor from below which is operated
from the switch table. From here also the manom-
eter can be read which is situated in a compart-
ment in the shielding cap (see figs. 1 and 4) and
which indicates the pressure in the supply bulb.
In two other compartments of the cap are current
and voltage meters of the rectifier for the ion source.

The cooling of the anode of the ion source takes
place with oil due to the required state of insulation.
This oil is let in and out via pertinax pipes through
the second and third “Philite”” columns and wvia
a reservoir situated in the cap. Two branches also
carry oil to the flange F of the source (see fig. 2)
and to the flexible joint in the tube (5 in fig. 1).
The oil itself, after its return to earth potential,
is cooled by a spiral with water circulation.

It is striking that, apart from the electrical
connection and the cooling pipes which are both
flexible, the acceleration tube stands entirely free
of the shielding cap. This was necessary because, as
we have seen, the upper acceleration section must
be able to be directed. In spite the small area of the
base upon which the 4 m long tube rests, it stands
sufficiently firmly because of the air pressure. A
rigid mechanical connection with the cap would
be undesirable because of the need of being able to
assemble the tube easily, and moreover upon vi-
bration of the heavy shielding cap it would be ac-
companied by the danger of cracks in the tube wall.

The high-voltage installation

The D.C. voltage of 1!/, million volts used for
the acceleration of the ions is obtained with a cas-
cade generator such as has already been described
in this periodical ?). In this case it was built up of
seven stages which may be seen in figs. 1 and 4, and
whose voltages correspond to the values which are
necessary for the seven sections of the acceleration
tube. The seven generator stages are connected to
the different sections via the resistances already
mentioned; in this way a potentiometer for 1.25 MV
is not needed to distribute the voltage uniformly
along the acceleration tube.

3) A. Kuntke, A generator for very high direct current
voltage, Philips techn. Rev. 2, 161, 1937.
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A separate problem is presented. by the alter-
nating current supply of the 50 kV rectifier for the
ion source at a potential of 1.25 MV with respect
to earth. The problem is here solved in the same
way as described in the article referred to); the
A.C. voltage is applied via two condensers (15 in
fig. 1) and two resistances (I7). These condensers
for a D.C. voltage of 1.25 MV may well be con-

sidered unique. In order to be able to make them of
" reasonable dimensions.an A.C. voltage of 500 cfs

was used for the supply instead of the usual 50
c/s; a capacity of 3 000 cm is thereby sufficient.

The source voltage, like the acceleration voltage
-can easily be regulated at the switching table with

this system. The latter voltage is measured with a
mA-meter in series with an oil-cooled resistance (16
in fig. 1). The mA-meter is calibrated directly in kV.

In the photograph fig. 4 a paper screen may be
seen above and behind the apparatus. This becomes
charged to about half the voltage (600 kV). By this
means the field strength at caps and resistances is

. limited, so that there is less chance of corona dis-
charge and flashover.

Results and exampleé of application
The apparatus is most commonly used for the
production of neutrons?). The capture disc for

this purpose is made of lithium and is bombarded -

with deuterium ions, whereby the lithium atoms
are converted into two helium atoms.and a neutron,
according to the reaction equation; -

Li —l—id.->2I>.{e—l—n

The number of neutrons which can be produced
with this apparatus amounts to about 10 per
§e’coﬁd. It is customary to compare this yield with
that obtained upon bombarding beryllium with the

- g-particles of radium. In that case the following~

reaction takes place: - .
Be +a->C+ n,

and 1 mg. radlum produces in this way about

20 000 neutrons per second. In order to obtain as
_many neutrons as with the apparatus described,
‘therefore, about 5 kg radium would be needed! .
" This is much more than exists (purified) in the .

whole world. For the sake of comparison it may be
stated that the previously descrlbed 300 and 600 kV
- installations were equivalent in this respect to
.about 20 and 300 g radium, respectlvely '

The neutrons have a 51m11ar actlon upori tlssues

4) On'the subJect of neutrons in geneLal sée the article re-
ferred to-in footnote 1) and also, W. de Groot
phyclcs, Phlhps techn Rev 2 97, 1931. -
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- as X-rays and can therefore, like the latter, be used

for therapeutic purposes (such as the cure of cancer)

and for all kinds of biological experiments (such as

the causing of mutations). Important results have

already been obtained in this field. Usually, however, '
the ncutrons are used for the preparation of
artificial radioactive substances. Most ele-

ments can be converted into radioactive products

by irradiation with neutrons. These products are

not only of scientific interest, but have also attained

great practical importance, again particularly in

medicine. For this purpose much radioactive phos- -
phorus has been prepared in recent times with the

apparatus described.. The following method is.
used. Around the disc for capture (which is intro-
duced for this purpose into a long narrow tube,
T in fig. 5) a vessel containing carbon disulphide °
is placed, while between the disc and the wall of °
the vessel a voltage of several thousand volts is’
applied. The neutrons produced on the disc and

leaving the tube in all directions transmute the

sulphur atoms according to the equation:

S+4tn->P+H,

whereby the phosphorus atoms formed are radio- -
active with a half-value time (i.e. the time in which
the r,ad10act1v1ty has fallen to one half) of 14 days.
Moreover these phosphorus atoms are ionized upon
formation, and are therefore drawn to the wall by
the electric field in the carbon disulphide. Here_the ‘
phosphorus is deposited in the form of phosphates

by a chemical treatment, and it can then be sent .

to the various medical and other. institutions. In
this way a number of institutions in the Nether-
llands as well as in Belgium, Denmark and Italy
are provided with radioactive phosphorus. The
samples obtained have already been succesfully -
used for the treatment of leuchaemia patients. The.
radioactive phosphorus behdves chemically exactly "
like ordinary phosphorus, and like the latter, when.

injected subcutaneously, it goes chiefly to the = .+

bone marrow, i.e. the seat of the dlSC'lSe in leu-
chaemia 5).

Due to thelr property of behavmg chemlcally
exactly the same as the corresponding non-radio-
active elements, the activated substances are also
very suitable as in dicato'rs,‘in chemical and biolo-

5) It may here he noted that the relatlvely short half-value
time of the artificial radioactive substances is essential
for the medical application described. Upon injection of
radium-containing sibstances, for example, whose activity
practlcally does not decrease due to thé long half-value -

" _time (1550 years in the case of radium), the patient would-

be exposed to a permanentirradiation wh1chm the end
'wou]d also destroy the healthy tissue. - «
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" gical expenments One then has as it were a number
of “tagged” atoms (i.c.” detectable by their radio-
" activity), whose adventures’ among large quantities
of the’ same element or -compounds of it can be

v VT"A contmua]ly followed. If for exemple the end of a gut
twig of some plant is placed in a phosphate so-
‘lution in which there is also a trace of radioactive

phosphorus, several hours later the exchange of

- phosphorus between the plant and the solution can’
be demonstrated by the fact that the leaves on the

* twig have become radioactive! This method is also
suitable for quantitative investigations, as may be
seen from numerous publications %). ’

In addition to.all these application in which the
' transmutations brought about with the apparatus
are only a means to an end, the apparatus also makes:

possible fruitful investigétions of the transmutation

itself. Lithium may be bombarded with ordmary
hydrogen (1nstead of heavy hydrogen) and X-rays
of great hardness are excited. In order to obtain
- these ‘rays in the ordinary way with an X-ray

) >‘v tube, one would need an X-ray tube for 17 million

volts (which' does not ‘exist of course), whlle for

I ."the hardest y-rays of- radmme 2.5 million would

“already” be sufficient. Such hard rays have very
reniarkable properties; for example they are not

8) See for éxample: A. H. W, Aten, Isotopes and the for-
mation of milk and eggs, Diss. Utrecht 1939. ~
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~ abs’o.rbe‘d 'in . matter ~like o_l'diuafy X?;ays' and

. the dream of the alchemists has comé’true. i
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y-rays by giving off energy to electrons and atoms,
but by so-called matenahzatlon, in rwhich each -
quantum of the radiation ] passes over mto a posmve wp e
and a negatlve clectron. ‘

One very remarkable t1ansmutat10n which was )
investlgated with the apparatus ?) is the fision of T . L l:
uranium and thorium. These elements . fall apart L
upon bombardment with neutrons and enormous
quantities of energy are h.berated (corresponding *
to the energy which an electron would have after-
passing through a potential difference of 100 million
volts). The fragments which are hereby formed -
could be- separated and examined after the bom-
bardment, thanks to the high concentration’ in
thch they were formed with this apparatus:
they were found to consist of the rare gases xenon :
and krypton, among other products, and-these in '

a radioactive form.. By further fision ceasium, ru-- - - ol
bidium and barium are formed from them. .- . -, . i

It is true that the amounts of the tramsmuted : . .-
substances’ obtained are-still extremely :small from =

the chemical point of view and only in exceptional -

. cases could they be detected with a balance. Never-'- .’ ; -

theless it may be stated that at léast in principle

-~ ¥ R

“7) A. H. W. Aten, C. J. Bakker and F. Ac Heijn, l\a-u.
ture London, 143, 516 and 679, 1939 C AR
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A DIRECT CURRENT SUPPLY APPARATUS WITH STABILIZED VOLTAGE

under all condltlons less than 4 ohms.

For many purposes in factories and laboratories

a source of direct current is required with a constant ‘9&
.terminals voltage which is independent of the cur-

rent taken from the source. An example of a curren
source which is capable of satisfying these requj

ments is formed by the accumulator battery wi 1ch
is indeed used with success in many ca zas a
source, of constant voltage. In @Mg how-
ever, a more and more serious attempt may be
observed to replace the accumulator batteries by

the _much lighter(plate voltage apparatus) which
requires much less maintenance. This is true par-

* ticularly when the source of current must have a
" voltage of several hundred volts and at the same
. time need give only a relatively small current. If
" it is desired to realize such a current’so’urce. by

means of an accumulator battery, a large number of
cells must be connected in series, so that even with
fairly small cells a large and heavy combination

is obtained, while, moreover, such a battery has .
a relatively large internal resistance and therefore

only approximately satisfies the requirement that

"the voltage shall be mdependent of the current
_taken off. : .
If instead. .of the accumulator battery the famll-

a3
iar(plate-voltage apparatusdis used, ~"consisting of

——

_transformer, rectifier and a filter for smoothing

the ripple of the rectified A.C. voltage, the purpose

in view is l1kew15e not achieved. Not only does this -
" apparatus possess a con51derable internal resistance

so that the output voltage is quite appreciably de-

) pendent on the current taken off, but also the output
Voltage fluctuates in the same relation as the voltage
. of the mains with which the apparatus is connected.

Mains voltage ﬂuctuatlons of 5 per cent are not in
the least unusual so that there can be no question
of a constant output voltage.
This ob]ectlon can be met by connectmg one or
rnore neon stabilizer tubes between the output
terminals of the plate-x}oltage apparatus. The output

* voltage is then indeed much less closely dependent

-upon -the, mains voltage; the internal resistance,

by H. J LINDENHOVIUS and H. RINIA

. voltage constant.

621. 396 682 : 621. 316 722

By means of ampliﬁer valves it is possible to stabilize very effectively the output voltage

of a plate voltage apparatus, so that it is scarcely affected by variations of the mains
voltage or of the current taken off. A direct current supply apparatus with stabilized volt-
age (GM 4 560) developed by Philips is described. The output voltage of this apparatus -
is variable between 150 and 300 volts; the current taken off ‘may amount to 100 mA. With
‘thé mains voltage fluctuations Gecurring the output voltage varies less than 0.004 per cent .
of the value chosen. The internal resistance under most condltlons is less than 1 ohm, and .
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his case is practlcally equal to the differen-
resistance of the stabilizer tubes, still, however,
mounts to from 50 to several hundred ohms.

In this article we shall discuss several auto-
matically working regulaory) arrangements which
make it possﬂ)le to keep theé output voltage of a
plate-voltage apparatus constant within very nar-
row limits. It will be found that with relatively

“simple means it is possible to. eliminate’ entirely .

both the voltage variations due to.the changes in
the current taken off and those caused by fluctua-
tions in the mains voltage. A direct ‘current supply.
apparatus with stabilized voltage which has been

" -constructed will be described, which, apart from
the perfect constancy of the voltage, also has the -

advantage over the accumulator ‘battery that its

‘voltage can be Varled continuously.

The regulation prmc1ple

-In principle a constant voltage can be obtalned ',’
by including in series with an ordinary supply-
_ apparatus, for example, a -non-regulated plate-

voltage apparatus, a resistance which automatlcally
becomes larger when the output voltage has the
tendency to increase ‘due to an increase in the mains

- voltage or to a decrease in the current. With the "’

opposne tendency the resistance must become
smaller This can be obtamed by using as resistance

a triode whose control grld voltagé is made de-.

pendent in a suitable manner on - -the ' difference

between the output voltage V. and a constant -
‘companson voltage V3. This compansonfvoltage -

may for example be obtained with the help of a dry
battery. If the connections are so arranged that the

source nced not furnish any current for the com- -

parison voltage, it is not difficult to keep this

A simple example of such a regulatory connection

is’-indicated in fig. 1. An ordinary plate-voltage

apparatus is connected to the left-hand termlnals
the voltage is taken from the right-hand termmals

The gr1d of the tnode is- connected to the p051t1ve, ‘
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pole of a dry battery, whose‘negat_ivefpole is ¢on-
nected to the negative output terminal. S
. - The output voltage ¥V, will adjust itself at a
" slightly higher Value than that of the battery, and
4.
+ - o .
o— I

l
+

Vi W W

: o}
-_ - 57362 —

Tig. 1. Circuit diagram showing the prmcrple of the stahrhza-
. tion of a voltage. If the input voltage V; rises while the current

- given off is kept constant, the output voltage ¥, rises only '

‘slightly since the increase of the negative grid voltage occurring
as a result need only be small to compensate the influence

of the plate voltage increase which results from.the input
voltage increase. If the current given off i increases while the - -

input voltage is left unchanged, the output voltage falls only
: shghtly, since the decrease of the negative grid voltage oc-

curring as a result need only be small to mcrease the current i .

by the desired amount.
!

in such a way that the grid of the triode possesses .

exactly the negative voltage w1th respect to the

. cathode which is necessary to transmit the current 7
to be furnished externally. If we now increase the
" input voltage V; and thus the plate voltage of the

triode, while we leave the current given off un-
altered, then the voltage V, will also increase
slightly, and to such a degree that the increase of
. the negative grid voltage which occurs as a result
just compensates the effect of the plate-voltage
- increase on the triode current. Since a slight change
" in grid voltage is able to nullify the effect of a large
‘change in plate voltage, the variation in output
voltage caused is only a fraction of the variation of

the input voltage. In the followmg we shall call thev .

following ratio:

'A.I/"
(AVu)AL‘_o

the attenuation factor a.-

. If we increase thé current given off whlle leavmg
the input voltage unchanged, the output volt-
age will fall somewhat; as a result the grid voltage
.of the triode becomes somewhat. less negative, as
much as is necessary.to increase the trlode current
by the. desired amount., :

The ratio

AV
(_ A‘iu)AV_o '

s

s, called the internal resistance R; of the regulatory
" connections, as usnal. ’ :

We now wish to determine and R; quantltatlve- -

ly and we begin with the familiar relation
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Ai=SAVy+—-AV,, . . ... (1)

which gives the relation between variations in the

" grid Voltage Ve, the plate voltage ¥, and the plate

current Z, and in which S is the slope and y the am-
phﬁcatlon factor. For our case i is also ‘the current’
given off and the follow1ng is true:

AVg=—AVu,AVa—AV—AVu, and therefore »
=_s(1+‘—)AVu+—AV,-. (la)
M’ T S

From this it is easily derived that: -

_ AVu) 1
( aAVil 4; — 0 - pt1
‘ 4 S ,
‘and R;= (— Vu) S N @)
' C N diJavi=0  S(utl) . O

. By approx1mat10n therefore a — 1/ and R; = 1/S 4

. From (la) follows also the attenuatlon whlch_
occurs for the case whern” the apparatus 1s loaded
with a constant external res1stance ~Ry. Then in-
stead of AL = 0 we have AL == A V /Ru The result

is:

AVu .--X—l .hv 1 P
av;

u+ +Rus

..

" We must also d1scove1 what value is assumed by the _
internal resistance in the case when the supply
_apparatus 1tself wh1ch produces thc voltage VL e

possesses an internal re51stance of Rv, then AV; is
not ‘equal to Zero, but 4 V, = —RvA, and we find -

. that:

‘«p.~~ R, -

Rtotal

. TS+ B

If we compare 4) ,with‘(3) we see that the internal ST

resistance is increased by an amount R,,/(p. +1).

" This is clear since’ an input Voltage change of Ryd; -

according to (2) leads to an output voltage change

'of RUAL/(p. -+ 1)

In order to obtaln an idea of the usual order of
magnitude we may fill in in the above formulae:

=20, S = 10 mA/V and R, = 500 ohms. For-
mula (3) then gives for a the Value 0.0438, and for-
mula (4) for the total mternal resistance 95 —|— 24 =
119 ohms. ‘

1
Several possibilities of improvement

Continuous adjustment of the voltage

. As we have seen above the output voltage adjusts

H -
]
i
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- 1tself at a value sllghtly h1gher than- that of the
- baitery. The output voltage may thus be altered
by changing the voltage of the battery. This can be
done by putting more or less cells into connectlon
- The voltage change can then naturally only occur
in steps. For a continuous regulation we could in-
j'troduce a potentiometer across one or more cells;
" this means, however, a load on the battery whlch
- in the course of time will result i in an apprecrable
fall in voltage. -

[

N
s

4
3

T_’_.\

—0
gr383 —

N

: rl“‘ 2: By not eonneetmg the eontrol grld via the battery to
-~ the negative output terminal, but to the tap of a potentiom-
-cter Rl. R, the output voltacre is made eontmuously variable.

.

YT

srble, without . loading the battery, to regulate

. battery is not connected with the negative output
i termmal but to a tap on a variable potentiom-
eter whlch is introduced between - the output

termmals of the apparatus. Tt will be clear that
! everythmg which has been derived in the foregomg
_-for the output voltage V; now holds for the voltage
V, over the resistance R, of the potentiometer.
Between Vu and V, there is the followmg relatlon'

R

[

»

Vu

¥
cd

I‘rom thls 1t follows in the first place that the output
, voltage is’ lmearly dependent on the . variable

» - >

well ds R,,wﬂl be apprommately proportlonal to
u/ Vo Only the part = ' :

of an output voltage var1at10n A V acts on the gnd
: of the triode. In order to mﬂuence -the grid in ‘the

_same way as in the connectlon of fig. 1, therefore, :°

an output voltage variation wlnch is V|V, times

current taken off are ‘therefore found in the first -
‘instance to increase by a factor Vu/V,. From this

- we see, and. th_ls is also true for the following con- -

PR
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In ﬁg 2 connectlons are given in which it is pos- .

the voltage continuously. The negative pole of the

re51stance Rz. Furthermore it is easy to see that a as’ "~

as large is requlred The ﬂuctuatlons of V3, occurrmg:
- upon a given change of the input voltage or of the.

nectlon, that it is- m;,portant not to choose the )

Vol 6, No: 2 -

voltage V, and thus the battery voltage lower than
is necessary in connection with the lowest’ output .
voltage. ’Vifhich one 'desires to be able to obtain.

I mprovement of the regulatwn with the help of a second
amphﬁer valve

Although the connections descrlbed already lead
'in certain cases to satisfactory results, for very .
" many applications it is desirable to be able to satisfy ~

still higher requirements. Very considerable im-
- provement can be attained by amplifying the fluc-

.- tuations of the grid voltage of the regulatory valve

W1th a second valve.’

o+

q

B

1o~

s I7354

Tlg 3. Stalnhzer connections wlth increased senslt1v1ty The -
voltage variations on the control grid of the regulatory valve B
are. nmphﬁed w1th the‘hclp of a second valve 4.

o~
L

‘ In ﬁg 3 the connections are- given. When the _
output voltage rises_by an amount AV, the grid
voltage of value 4 becomes higher (less negative)
by.the same amount; the plate currént through R’
thereby rises, and if the ampliflcation is n, the grid
: voltage of B will become more negative By an.
amount nAdV,. From this it follows that we can

1mmed1ately apply our previous results to this case

if we only multiply the slope and the ampllﬁcatlon '
factor by a factor n: By analogy w1th (2) -and (4)

" one thus finds dlrectly

i

5 . ]_ . 1 .
i do SR A )

fg' - _Jr_lﬁ N_l_ R
e Swtl) T nS e R

The constancy of the output voltage upon fluc-
tuatlons of the mams voltage as well as upon fluc-
tuatlons of the current taken off is therefore 1m-

proved approx1mately by a factor mn.

©

Apphcauon of a neon stabzhzatwn tube

vnectrons of fig. 3 which will be made clear in the
followmg The voltage over the resrstance R serves

There ‘are stlll several obJectlons to the con-

.

as negative grid Voltage of B and varies from about 1 N

to.15 wvolts, accord_mg as the current given off- by
“the apparatus is large or small The plate current

1.
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of 4 therefore also changes in the‘ratio 1: l5 which -

is accompamed Dby the fact that (as a result of the
curvature of the ia-Va character1stlc) the slope of
A, and therefore the “amplification n, is very closely
dependent upon the current g1ven off l)y the "ap-
paratus.

This objection. can be met by mcludmg a neon

stabilization tube in the connection, as indicated
in fig. 4. This tube. is supplied through a resistance

+
O

W

37385

Fig. 4. By not connecting the resistance R of fig. 3 dlrectly,

but via a neon stabilizer tube, to the positive output ter-
iminal of the connections the fall in voltage along this resistance
can be increased, and in this way a greater and more constant
amphﬁcatlon of valve 4 can be obtained.

'from the voltage 'source Vi, The resistance R is’

therefore connected - to the pos1t1ve electrode of
the neon tube which has a workmg voltage of about

. 100 volts. .As we have seen the grid of the valve B

has a negatlve voltage of about 1 to 15 volis with
respect to_the cathode. It is therefore clear that the
voltage over the resistance E in fig. 4 is about 100
volts h1gher thani in fig. 3, and now varies from about
101 to 115 volts. The relative change is thus mugh
less, the amphﬁcat1on n is therefore also much
less closely dependent on the current given off by

the apparatus. Moreover, the resistance R can be

chosen much larger while retaining the same plate

current and thus the same slope of 4. The ampli--
fication will therefore not only be much more con-
stant but also much higher 1).

" Since the amplification factor p of valve B also .

depends only slightly upon the current g1ven off,
the attenuatlon factor * @, which accordmg to

) Itis possible to increase the voltage drop over the resist-

ance R in another way, namely by connecting this resist- -

-ance du‘ectly to the positive input voltage. If the input
- voltage rises, it is again necessary for good regulatxon that
the grid voltage of "B should become more neéatlve. For .
this purpose, however, a much larger increase imithe plate
current of 4 is necessary in this case than in the connections
with the neon tube. If in these latter connections we should
keep the plate current of A constant, the grid voltage of B
‘would alse” remain unchanged upon jncreasing input

voltage, while in the other connections with constant plate

current of A, the grid potential of B rises as much as the
input voltage The elimination of this rise in the grid po-
tential requires an extra increase in the plate cutrent of A.
Further consideration shows that the change in the grid

voltage of value A must in this case be- a factor @ larger

‘than in the connections with the neon tibe. The regulanon
is therefore also poorer by a factor . . .

SUPPLY APPARATUS WITH STABILIZED VOLTAGE

57

equation (5) amounts to about 1/ny, is practically

the same for,all values of the current given off.

This is true to a much smaller degree of the internal

resistance, which dccording to equation (6) amounts
to 1/nS 4 Ry/np.: the slope of the valve B decreases
as the plate current becomes smaller. The result

- is that the internal resistance. becomes larger, the

smaller the current given off.

If, in order to form an idea of the results attaineéd,

we assume that an amplification n =125 is ob-

tained with" valve 4, then with the values already g
20, S = 10 mA/V (for valve B) and -

used of =
= 500 ohms we ﬁnd that.

o )
, @ = 2555 = % /°°’

From this we see that by the use of the second
amphﬁer valve and the stablllzatlon tube we have
obtained an unprovement by a factor of 120,

The output voltage can be regulated cont1nuously ,

with the help of a potentlometer m a similar way as

Rtotal— 08+02— 100hm.,__~ _» ‘.

in the diagram of fig. 2. . Here also the attenuation |
factor and the internal resistance are“proportional’

to the ratio between output voltage and battery
voltage. Since no current is taken from the tap of: .

g’

the potentiometer, the resistances Ry and’ TRev of

the potentiometer can- be chosen as large as “de- '

sired, so that this potentiometer- consumes - very

httle extra energy.. In practrce, however, this is .
found to ‘be unnecessary and even undesuable. It

only -little current is taken from the apparatus,
. the valve B must be heavily overbiased, ‘and ' due

»

to this the slope of th1s valve is very much lowered g
It is better not to choose the resistances R, and’ R -

too laige so that the valve B-aever needs to dehver :
too small a current. The slope of this valve then-.
remains greater and the values ¢ and R; then re- ’

main smaller and more constant

N

Completc ehmmatwn of voltage vanatwns

The principle followed in the connections desc-
ribed until now permits mdeed a very sharP Yoo

* duction of the voltage var1atlons, but’it is fun-
damentally impossible to attain a complete el1-
mination of the voltage variations in' the manner
described. The amplifier valve 4, and at the same

time the valve -B, are controlled by the output'

voltage; in order to bring the  regulatory organ into

action .it, is therefore fundamentally nécessary

. that the- output voltage should undergo a certain,

although ,small change. By coupling the control
grid of the amplifier valve not only with the output -

- v
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side but also with other points in the connections,
however, it is possible to compensate the remaining

. voltage change, and if des1red even to attain an

over- comp ensation.

O— é - —0
- i ) 37386 =

TFig. 5. Connections in wlnch the output voltage remains ab-
solutely constafit upoen a change in the input voltage.

Fig. 5 shows in what way the mﬁuence of a, .

variation of the input voltage on the output

voltage can be compensated. If it is desired that -

the output voltage and the output current flowing
through the valve B should remain absolutely con:
stant, while the input voltage varies by an amount

‘AV;, the control-grid voltage of valve B must

undergo an opposite change by an amount
AV, = 4 Vb/p. This change is 7 times as great as'

“the change in the grid voltage of valve 4, so that _

1t must possess the value:

4 VL _ S
| AVgA — np' e (7)
Now Vg 4 18 equal to the output voltage, assumed
to be absolutely constant, decreased by the likewise
absolutely. constant battery voltage and the voltage
loss over the resistance R,. The latter varies with
the input voltage according to the relation:

R,

A,VR2‘ AVLR +R : ‘
2 r .

"'I

- In order to satisfy equatlon (7) the resistances must
- be so chosen that _ ‘ )

'R, 1

— 8
R, + R, ny ( )

For n = 125, u = 20, this gives Ry/R, = 2 500, thus
for example Ry = 2.5 megohms, R, = 1000 ohms.

Considering the fact that it is possible in this |

way to eliminate the voltage variations entirely,
it’ might be asked why it is necessary to make n

- as large as possible. It'would indeed be superfluous

to do this if equation (8) could be exactly satisfied

~ for all conditions of working. Since, however, even

with the employment of the neon tube according
to fig. 4, n as well as y still vary somewhat with the
current given off, this is impossible. Therefore for
the majority of conditions  of working a certain

.
S

Y L
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voltage variation remains which may be positive
or negative, and is given approximately by:

AVy 1 ' R, o
AV;  ng R+ Ry
It is thus smaller, the larger the value of n.
If by satisfying equation (8) we have obtained

a complete voltage compensation, then the part of
the internal resistance which is due to Ry (equations

‘(4) and (6)) also dlsappears By a sllght extension

of . the compensatlon connections, however, the
remaining part of the internal resistance can also
be exactly compensated In fig. 6 the connectlons

ES

J7387 -

Fig. 6. Connections in which the output voltage remains ab-
solutely constant upon a change in the current given off.

are g1ven Let us consider a change in current Ai -
and again assume that the output voltage remains
exactly constant. For the change in the control grid
voltages of the valves B and A it then follows that

A1 : .

AVgp = §L, where S is the slope of value B, and
S Ai e

AV}:’A:;AVgB:n_S. i (9)

By a correct choice of the resistances Ry and R, the
desired change in the control grid voltage of valve . -

A can be obtained. The current variation causes

over the resistance R; a voltage variation RgAi,

“and of this the fraction R,/(R, + R,) acts upon the

control grid of the valve 4. (It is hereby assumed

~ that R, » R,, which is always the case). By setting

this equal to the value required according to equa-

tion -(9), one obtains as condition for the dis--.

appearance of the intérnal resistance the relation
N R2 1

—. a0

,Wlth n =125, =10 mA/V R, = 1000 ohms'and
-R, for instance 50 000 ohms, we obtam R3 = 40

ohms." e t )
Since S changes quite rapidly with the current,
and 7 also to a certain degree, equation (10) will
only be exactly valid for a “definite value of the
current. In general. there then remains a certain -
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'ihternal resistance which is given by:

1 Ry 4R (1 R, )
ns R2+R Ry + np. Ry + R )

i
A difficulty now arises when we wish to make

the voltage variable again. If this were done in the
way indicated in fig. 7 for voltage compensation,
the degree -of compensation would: depend upon
the voltage chosen. The part of the input voltage
variation AV; whlch acts on the gnd of A is deter-
‘Imned by the relation of R, to the’connection in
_parallel of R; and R; 2), and is therefore dppendent

Rtotal

R5

Ry

Rs

C‘

M J7388

Fig. 7. (,onncctlons in which Lhc voltagc compensation accord-
.ing to fig. 5 is combined with the variability aecording to
fig. 4. One objection is that the fraction of the input voltage
change which aets on the grid of valve 4 depcnds upon ‘the
value of the resistance R, and thercforc upon the output
'voltage chosen.

“on R,. The result would be that when the compen-
sation is correct at low output voltage, there would
be over-compensation at high output - voltage,
i.e. there would be a decrease of output voltage
upon an increase of input voltage. The. same dif-
ficulty occurs to the same degree in the compen-
sation of the internal resistance. ‘

+
e s

37389

"Fig. 8. Connections in which the compensations according to
figs. 5 and 6 are-combined with the variability accordmg to

fig. 4. By means of a bridge connection the dlsadvantage of -
* - the connections of fig. 7 is eliminated. .

It is possible, however, with fche help of a bridge
connection to avoid these difficulties. In the diagram
of the complete connections fig. 8, this is shown for
voltage compensation as well as for compensatiqn

%) Since we assume that no voltage variations oceur between

" output terminals, in the investigation of the behaviour
of the connections with respeet to voltage variations we
may con51der these terminals, as mutually connected.
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of the internal resistance. The bridge connections

- from this figure are given separately in fig. 9 for the '

sake of ' clearness. - ‘
The resistances Rv Rz, R6 andR form a Wheat-
stone bridge in which R; is the diagonal. It is

S

Ryaf

: 37390 :
Fig. 9. Diagram of the bridge conneetions of fig. 8. ‘

1mmed1ately clear that the fractlon of AV; whlch
acts on the grid of valve A4 is independent of the \
resistance Ry 1f the followmg condition: is satlsﬁed :

R, ‘R, = R,: Ry .

'If, in addition, in _agreement w1th equation (8), we -

make this ratio equal to np—1; the condition for
compensation is satisfied at the same time. We have '
thus succeeded in: obtaining the correct voltage

compensation for all values of the voltage chosen .

mdependent of the magnitude of the resistande R;.

The same holds for the compensation of the in- ~
ternal resistance. Heré the bridge is formed by the -
‘Tesistance R, Rz, R, and Ry, wnh R, agam as
dlagonal If agam : -

"R,: R, = Ry: Ry

and moreover if, according to equation (10), this

‘ratio is equal to nSR;—1," then the compensation of
. the internal re51stance is also correct for all values :

of the voltage chosen.

The internal resistance for alternating currents '

Tt will often occur that the apparatus, besides
direct current, will have to deliver-alternating cur-
rent as well, for instance when it is used as source
of supply for an alternating current amplifier. In _
that case it may be of great importance (for example -
in order to avoid undesired couplings in amplifiers)

 thatthe A.C. voltages: thereby occurring at the out- =
put terminals should be small; in other words the. .

“internal impe(_lance” for alternating current should
"be low. S ‘
How does this “internal impedance”

- We have seen that the‘internal resistance depends '

occur" N
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upon the amplification n of valve 4. With increasing
frequency this will now decrease due to the capacity
C, which inevitably acts over the resistance R.
The result will be that the internal resistance in-

my
35 T T
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Fig. 10. Diagrams of the direct current supply apparatus

GM 4 560.

a) Change in the output voltage as a function of the current
given off.

b) Internal impedunce as a function of the frequency.

Z

100 k perfsec
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creases with higher frequencies. It is as if, in series
with the internal resistance for direct current R;,
there were an “internal self-induction” L;. A simple
calculation shows that

The order of magnitude of L; is several micro-
henries.

In order to prevent the internal impedance
of the apparatus from bhecoming too high at high
placed
across the output terminals. Then for the case

frequencies, electrolytic condensers are
where the internal resistance for direct current is
reduced to zero in the way described, the internal
impedance consists of a loss-free self-induction in
parallel with the electrolytic condensers. If we plot
the internal impedance against the frequency,
we obtain a resonance curve which, however, is
found to be very much damped because of the series
resistance of the condensers. By the choice of the
capacity and the series resistance we are still able
to influence the shape of the resonance curve (the

frequency characteristic) to a large extent.

Construction of the upparatus

In the apparatus as constructed (type GM 4 560)
the output voltage may be varied continuously
between 150 and 300 volts. As comparison voltage

Joapt

Fig. 11. The direct current supply apparatus compared with an accumulator battery of

the same voltage and corresponding output.
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a dry battery of 120 volts is used. The maximum
" current is 100 mA. ‘

A mains voltage variation of 5 per cent causes .an
‘output voltage variation of less than 0.004 per

cent of the value chosen. The change in the out-

put voltage under the influence of the load is
shown in fig. I0a for two different output voltages.
" The slope of this characteristic gives the internal
* resistance. For currents greater than 30 mA this
“is found to be a maximum of 0.5 ohm at an adjust-
ment on 150 volts, and 1 ohm maximum at an ad-
justment on 300 volts. For currents smaller than
30 mA the internal resistance may amount to four
tlmes these values. .

In fig. 10b it is shown for two different values
of the output voltage how the internal impedance
- of the apparatus depends upon’ the frequency.
It may be seen that it is smaller than 1.6 ohms for

~'SUPPLY APPARATUS WITH STABILIZED VOLTAGE
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all frequencies. The fact that at 100-ke/s the im.
pedance still amounts to more than 1 ohm may be

ascribed to ‘the ‘series resistance of the. electrolytic

condensers. At still higher frequencies the imped- L ‘.

ance is smaller due to the fact that in parallel with
the electrolytic condensers a paper condenser is intro-
duced whose series resistance is many times smaller.
. The dimensions of the whole apparatus, which
is composed of a@ate volta’g_é‘ap@and ‘the
@egulatory organdescribed, are 20x43X31 cm.
The weight is abou 19 kg. In this weight is included
that of the battery\(2.5 kg) which will hardly ever
need to be renewed in the course of one year. Fig. 11
shows the exterior of\\he apparatus; for the sake
of comparison an accumylator battery is also shown -

which ‘gives about’the same power at the same

voltage Weight and volumcsof the battery are about
three times as great.

s tls

by W WERNER

For the satisfactory functioning of switches,
- .contact springs, etc. it is necessary that the contact
pressure should lie between certain ‘limits: at too
. low a pressure the transition resistance becomes
"+ too great and the contact spots may become too
hot, at too high a pressure a too rapid wearing off

‘may occur upon repeated . closing of the’ contact. ..
. For each case the perm1551ble limits of the contact .
pressure can best be determined expenmentally
" For example, for a certain type of mains switches .
which are used in radio receiving sets, it was found”

. that the contact pressure must lie between 60 and
- 120 g. : S '

- In the mass productmn of these switches the/

question arose, as to how it is possible to find out

rapidly and simply whether_the individual product

. satisfies the requirement given above.. For the

. determination of pressures of springs

methods are known: In the case in,. question,

however, a particularly simple solution could be

found which was specially adapted to the ‘methods -

of mass production, by making use 6f the sw1tch1ng
action of the contact to be tested itself. The prin-
ciple of the method is represented in figs. I and 2.

In fig. 1c is the switch to be tested (dlagrammatlc)

*a and b are two adJustable auxiliary contacts. In
the initial state a and c are closed, and b open.
" When the lower contact str1p of ¢ is pulled down,

- several -

THE CONTROL OF CONTACT PRESSURES .

621.3.066.6

there is a conflict between the elast1c1tv of the RN

springs k, and 'k, (to which' the contact pressures -
of ¢ and a, respectively are proportlonal) If K

is much weaker than k, then, upon pulling, ‘at a
certaln moment the contact c w1ll open, if pulled )

i
-~
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e

Flg 1. “Principle of the arrangement for testing contact,_.‘"

. préssures; ¢ the switch' to be tested; a and:h auxllmrv contacts.

VAR e .
farther, at a certain, extensmn of the spring kl,
its force will be large enough to overcome the’ pull’

'l‘_l

of ks so that the.contact q is then opened. If on the -
" contrary k, ‘is ‘much’ weaker than . ks, then upon' -

pulling, "contact a' will first be ‘opéned” and only - .
afterwards contact c. If -k, " is- sufficiently stiff,
contact b will even first be closed before ¢ is opened.

The auxiliary contacts @ and. b. are so adJusted
" that @ is opened when the- contact pressure ‘of:c”
is just decreased by 60 g by the- pulling dowit,and -

so that b is closed when this- decrease amourts to

120 g. Thus if the contact pressure of the sw1tch
in question lies within the desired Jlimits, upon -

,pulllng down, ¢ will first open, then ¢ and ﬁnallyv,

-
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a dry battery of 120 volts is used. The maximum
" current is 100 mA. ‘

A mains voltage variation of 5 per cent causes .an
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which are used in radio receiving sets, it was found”
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action of the contact to be tested itself. The prin-
ciple of the method is represented in figs. I and 2.
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*a and b are two adJustable auxiliary contacts. In
the initial state a and c are closed, and b open.
" When the lower contact str1p of ¢ is pulled down,
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of ks so that the.contact q is then opened. If on the -
" contrary k, ‘is ‘much’ weaker than . ks, then upon' -

pulling, "contact a' will first be ‘opéned” and only - .
afterwards contact c. If -k, " is- sufficiently stiff,
contact b will even first be closed before ¢ is opened.
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b will be closed (order: a open, ¢ open, b closed).
Three relays 4, B and C are operated by the three
contacts a, b and ¢, and are connected in the manner

i
1
!
|
o
|
|
|
SO
.__(+ L=

37243

Fig. 2. Connections of the apparatus. The contacts are all
shown in the initial state; current hereby flows through the
relays 4 and C but not through B. Upon flow of current
through a relay the corresponding switch rod (dash-dot line)
is raised. Thus for example if @ is opened relay 4 opens, with
the result that the switches 4, and A4, are opencd, A4, closed.
Upon opening ¢ relay C opens, the switches C;, €, and C,
are thus closed, and C, and C; opened. Upon closing b relay B
closes and the switches B, and B, are closed. If the switching
orderis: ¢ open, a open, b closed, C thenopens, 4 however
remains closed (because €, is now closed and a therefore
shunted), B closes; of the three lamps L only the one marked-
burns. With the switching order: a open, ¢ open, b closed,
A and C open, B closes; only lamp O burns. With the order:
a open, b closed, c open, A opens, B closes, C remains closed
(because B, is now closed and c is shunted), and lamp +
burns.

Vol. 6, No. 2

shown in fig. 2. On the basis of this figure one
ascertains that with each of the three switching
orders mentioned the final result is that one of the
three lamps —, 0 or -+ burns, by which means the
qualification of the contact pressure being tested
is obtained as “too weak”, “good” or *“too strong”.
By bending the contact springs a deviation can then
immediately be improved.

Fig. 3 is a photograph of the apparatus as con-
structed. The switch to be tested is slid into the
holder M, and the upper contact strip is then placed
above the pressure finger projecting from the
apparatus. Upon pressing the holder down in the
manner described one of the three lamps I is
lighted.

Fig. 3. Photograph of the apparatus. M holder, L lamps.
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1509: J. D. Fast: The preparat10n of metals by
powder metallurgy and decomposition me-
tallurgy - (Ost.- Chem. Z. 43, 27-33 and
48-54, Febr. and Mar 1940) (Origin'al in
German). .

Following a consideration of the relat10nsh1p
between powder metallurgy and ceramic processes
and of several forerunners of powder metallurgy, the

_different successive treatments used in the prep-

aration of hard cemented carbides are dealt with ’

‘and the influence of gases on the sintering process
. is discussed. Hypotheses are hereby developed
about the commg into effect of the forces of cohesion
upon compression and about the part wh1ch the
" oxide films always present ori the gram§ of the metal
powders play in this process. Furthermore the me-
chanlsm of the shrinkage- phenomena occurrmg
upon sintering is studled and the’ phenomena of
recrystalhzatlon and" coalescence occurrmg at’ the
same time.  As an example of the app11cat10n ‘of
powder » metallurgy the preparatlon of ductile
‘ tungsten is described, as. well as:the. preparatlon of
the so- called “hard cemented carbldes and several
) ‘other apphcatlons o S
’ Decompos1t10n metallurgy 1s of part1cu1ar 1mpor-
" tance-in the preparation in ‘a "ductile form of the
. metals with a high melting point in the titanium

group. A description is given of the method used’ l
- In conclusion the preparation of pure nickel and
~ iron by the method of decomposition metallurgy'

is " discussed. .

The contents of this article have been partially
discussed in Philips techn. Rev. 4, 309, 1939 (The
- preparation of metals in a compact form by pressing
. and sintering) and 3, 345, 1938 (Zirconium and its
compounds with a high meltmg point).

.1510: K. F. N1essen Calculatlon of the elec-
~ trical field strength produced at a given
‘point by a half-wave aerial over a flat

earth as a function of the total energy’

supplied to the aerial I (Physica 7, 586-602,
July 1940). (Original in German).

On the basis of an example it is explained how

the vertical electric .field at a point above a flat
earth can be calculated when the field is induced

by ‘an aerial of 'a half wave length," whose lower

extremity lies above the earth’s surface. It is found
possible to express this field with the help of the
total energy supplied to the aerial, part of which
is radiated (the effective part) and the rest absorbed

s T e

by the earth (non-eﬂ'ectlve part). The problem

is first solved for the radiation.of a pure dipole .
_ which in the further treatment is laid at the middle
_ of the aerial. The reflection formula, which is often
used as an approximation in such problems, mlght '

here lead to qu1te 1ncorrect results.

J1511: J. L. Snoek: On- ‘the effective length of a

' small Barkhausen discontinuity (Phys1ca
7, 609-624, July 1940).

The . irreversible part of the magnetlzatlon is
given by the product of magnitude and number of
the so-called Barkhausen d1scont1nu1t1es ‘At very
low field strengths most ferromagnetic substances

follow Rayleigh’s law in close approximation, -

according to which law the irreversible part of the

magnetization with a small hysteresis loop increases -
~with the square of the maximum field strength
This law furnishes a cond1t10p which” must be satis- .

fied by the laws which govern the magmtude and -
number of the B arkh aus eny dlscontmu1t1es Very

little is yet known about these laws; it ‘1s, however,

established that with decreaSmg field -strength the

- Barkhausen discontinuitics become,?rery small.
'The path of the lines of force of such-a’very small -
discontinuity can be calculated in advance, be- .
_ginning with several plausible’ assimptions. In
this way an “effective length” of the discontinuity
is found, and on the basis of this it is possible to-
‘choose the most favourable experimental valués

for the detection of these very small d1scontmu1t1es
The calculation shows that the effective length, is

”’\\

equal to the product of the reversible permeablllty ~_

and the thlckness of the wire.
1512: M..J. O. Strutt and K. S. Knol: Determl-

nations of the magnetic permeability from .

resistance measurements on iron wires of
varying structure at frequencies of the

order of magnitude of 108, cfs., in con- -

nection with the magnitude of the elemen-
tary zones of Weiss (Physica7, 635 654,
July 1940) (Original in German). .

The permeablhty of iron wires at very hlgh fre- :

quencres can with certain assumptions be deter-

mined from the ratio between A.C. and ‘D.C.:.‘
resistance. With the apparatus developed by the - .

authors the A.C. resistance of several- carefully

prepared wires is measured up to frequencies of -

3 %X 108 ¢fs. At room temperature the permea-
P 3 P .

 bility remains nearly constant up to these frequen-

cies. Upon a lowering of the temperature to —183°C,

~
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which for these measurements is equivalent to an

. increase of the frequency to about 10° c/s., a
- decrease in the permeability takes place. The curves
‘obtained give an indication that the permeability

at higher frequencies possibly again assumes a
constant value. The hypothesis that this behaviour
may bé ascribed to a very thin non-magnetic film

‘on the surface of the iron wires -is not confirmed

by experiments with - electrolytically deposited
films of more than 107 ¢m thickness. A satisfactory

inferprefaﬁon is, however, possible in a manner in- -
* dicated by R. Becker. This interpretation can be .in an X-ray photograph on the heel joints of the
further worked out with a simple model proposed - chicks. Addition of vitamin D in different concen-

by G. Heller; in particular, with this model the

order of magnitude of the elementary zones of
Weiss can be determined for the différent wires,
The results obtained are compared with those of

" -other investigators. In conclusion  several unex-

plained problems are discussed and indiéations
given for possible further expenments

. -.’.1513 C. J. Bakker: Het periodiek systeem der

elementen (The periodic system of the
: " elements, explanation of the plate). (Ned.
. T. Natuurk. 7, 305-310, Aug. 1940). "

The plate to be expnla'ined represents the periodic

" system of the elements. In each of the compart-
.ments of the chart is indicated: atomic number,

atomic symbol, atomic weight according to the

, international table, electron configuration of the .

neutral ‘atom in the usual notation, as well as the

, 1sotope relatlons graphlcally Chemically analogous

elements are indicated by striking colours. Although
both by its arrangement of data and by its make-up

vthe plate‘is already very instructive, in ‘the explana-
”. - tion a further critical discussion of the electron con-

ﬁguratlon, isotope and radioactive properties may
be found. The latter are also mdlcated in the chart

1514*: J van Niekerk. and Miss M. S. C. Bliek:
" De methodiek der vitamine-D ijking -op -
kulkens (The methods of vitamin D stan-
dardlzatlon on chicks) (Landbouwk T 52,
349-353, May, June 1940). .

"‘) An adequite number of reprmts for the purpose of dis-

tribution is not available of those publications marked with

- an asterisk. Reprints of other publications may be obtained

-, on applications to the Natuurkundig Laboratorium, N.V.:

: Phlhps Gloeilampenfabrieken, Emdhoven
Kastanjelaan

(Holland),

Vol. 6, No. 2

This is a communication about a demonstration
in Wagéningen during the 10th Netherlands Agri-
culture Week. In the 'standardization on rats the
difference between animalic and vegetable vitamin
D is not manifested. This can, however, be establ-:
ished in breeding chicks whereby at the same time
the information is obtained whether a product

containing vitamin D is suitable for poultry feed

and perhaps for cattle feeding also. With a simply
composed feed, during the first 3 to 4 weeks
of life, rickets occur which can easily be observed

trations to the feed shows a relation between the
extent of the rickets and the lack of vitamin D. A

preparation consisting entirely of animalic vitamin K

D gives the antirachitic effect to ‘the same degree
as cod livereoil. The relation mentioned between
the antirachitic effect and the concentration of
animalic vitamin D given is determined in a stan-
dardization curve. The exposure technique in the
X-ray examination is simple, large groups of chicks

- can be examined in a few hours.-.

151;'5: CE.J.W. Verwey and J. H. de Boer: The

potential curve of the alkali halide mole-

cules (Rec.” Trav. chim. Pays Bas 59,
633:649, July-Aug. 1940).

To ‘what degree the electrostatic picture of the

ionic bond in vapours of the alkali halides is correct J
in the neighbourhood of the minimum of the poten-

tial curve is investigated for three points, namely:
1) the nuclear distances at absolute zero calculated
from atomic distances determined with the help
of electron diffraction at 1200 °C.in the vapour and .
the atomic distances in the correspondmg crystal
lattices, ) the fundamental frequencies - of the -
atomlc v1brat10ns, calculated from the potent1al
curves compared with the values from the spectra,

and 3) the binding or molecular energles at absolute
" zero compared with thermal data. The expressmnf

for thé energy U = —e?/r +- b/r’L ‘with n =11 gives

\

a correct picture. By taking ‘into account the po- -

lanzatlons the plcture is 1mproved and the molec-
‘ular: energies “can also bé calculated accurately
within the errors of observation. For all alkali
- halides’n = 12 is then found to be the best value.

The exponential rgapulsxon according to Born and
Mayer is found incapable of being used.
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TUBULAR LUMINESCENCE LAMPS FOR GENERAL ILLUMINATION

by A. A. KRUIT_HOF.

621 3278 +535: 37

- In connection with a general descnptron of the prmclples and propertles of tubular lummes- o
"cence lamps priated earlier in this periodical, such Jamps are. here discussed which have
been especmlly designed for use on the* 220 volt mains. The most satisfactory dimensions of

the lamps are derived from the maximum working voltage given, the desired light flux and
an assumed limit for the-brightness. Furthermore, after a brief description of the series M
apparatus:the question of the colour of the lamps is carefully studied. Because of the
great variety of tints which can be obtained by mixing differént luminescent substances,
it is important to-know how the opportunities presented can best be exploited. The factors

whlch here play a part are explamed and ﬂlustrated w1th examples

.

from the low-pressure mercury discharge which it-
self emits only little visible light and much ultra-

" violet rad1atlon, when the ultrav1olet radiation is -

converted into visible light by means of lumines-
cent substances. The tubular lummescence lamps
which have been constructed on this _principle
possess, in addition to their high efﬁclency, various
other good quahtles as well, which have already

. been discussed in this periodical 1). The colour of .
the lamps exhibits practically no flicker, the hght -

flux and the life of the lamps is much less dependent
on’ mains voltage fluctuations than with the or-
" dinary filament lamp. These properties give reason

© to expect that lumJnescence lamps will be w1de1y'

“used in the future.

In the article mentioned *) only one use of the
lamp was described, namely for shops, restaurants,
‘etc. where a large number of lamps in series are
connected with a high-voltage transformer. This
in many respects very simple and practical solution
is naturally out of the question when lummescence
lamps are to be used for more general purposes
of illumination. In the home, for example, one or

only a few lamps will generally_ be used at once,

-while moreover the use of high-voltage is impos-
sible in many cases. Recourse must be had to the
connection of each lamp with a separate series, ap-
paratus to the mains. This has certain consequences

1) P, Schouwstra and G. Zecher, Tubular luminescence
Lamps, Philips techn. Rev. 4, 337, 1939, °

. A light source of high efﬁciency can be obtained

"2) See: E. G: Dorgelo.

-

.

for the constructioh of the lamp which will be fur-
ther considered in the following. At the same time

'the colour of the lummescence lamps’ wﬂl be dis-

cussed . L -

The’ construction of the‘lamf) B

The general constructlon of lummescence lamps
has already been described in the artlcle referred
01): The d1scharge takes place in a long glass
tube on, the inside wall of which the lummescent

substances are deposned in' powder form. The elec- :
trodes are in the shape of small _spirals ¢ covered w1th

a substance ‘which emits electrons easﬂy and which
are kept at_ such a temperature by the bombard-
ment by ions andelectrons, occurrmg in the dis-

charge, that they are able to provide the electrons ~

necessary to mam’tam the d1scharge In the ap-

v

tubular lamps was 2 m (HTL* 200), in the model

for low voltage (TL 100), however, it has been
-reduced to 1 m with a tube diameter of 3.5 ¢cm. This

choice was made on the basis of the followmg
considerations. o

In order to make the lamp burn steadily at a

mains voltage -of 220 volts, it is found that the
working voltage VB may not be hlgher than about

"120 volts 2) —due partly to mains voltage ﬁuctua- '
tions. The working voltage, aside from the voltage *

drop at the electrodes, is given roughly by the prod-

Altematmg -current crrcults for
discharge lamps, Philips techn Rev. 2, 103 19317,
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‘uct of the gradient G (voltage per cm of the d1s-
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'charge -¢olumn) and the length I of the lamp Now\

the gradient is mainly determined by the diameter d
of the tube ?), and the relation between G and d
for a tube with the customary gas filling (mercury

- ,and argon) is given in fig. 1. If for Vp we assume

s A — ‘
1 ‘ ‘ : \\ ‘
10 \
\
05 ’
0 . o
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it was cons1dered desuahle to choose such a low’
bnghtness that when“the lamps were used without
fittings no glare would he experienced from the
direct light. With the high level of illumination to
which - one: has become accustomed.with modern .
lighting, even at the low height at which lamps are
usually hung in private homes, it was found to be
sufficient if the brightness B of the lamps was less

_than .0.3' ¢cp/cm?. For a tubular light source ® =

Bld2/10. With I = 100 and B<0.3 it follows that
ld>340 cm? If in fig. 2 we draw the line Id = 340,

" the point I,d to be chosen must lie to the right of '

Flg 1. Gradient G as a functlon of the diameter d of the dis- .

charge tube for the customary gas filling of the lummescence
lamps (mercury + argon)

- a certain value, then from fig. 1 for each value of d

the required length I = ¥B/G of the lamp follows.

| _This length is plotted as a function of d in fig. 2,

for diffcrent values of the parameter V. The point /,

d for the lamp to be comstructed must in every

case-lie below the line ¥ =
1

cm

150

120 wvolts.

24w

1
140 Ls20v
130}- . B
: 10V
120} - -
’ \L-100v

. 1L g0y
00| ‘

1 1
45 cm
37738~

. Trig. 2. The practlcally straight lines give the relation derived
. from fig.’]1 between length I and diameter d of the tubular

lamps for certain values of the working voltage V5. The con-
ditions P3<120 volts and B < 0:3 c.p./em® with alight flux

v @ = 100 decalumens limit the choice of dimensions for the .

tubes to the shaded area of the surface, The broken lines con-
nect points at which for ¢ = 100 decalumens the same
power P .is needed. Point A4 glves the dimensions actually
chosen -

W 130V

With "a’ given light flux & =

this line. :

The choice of the point I,d within the remaining
shaded area of the surface is finally fixed by the’
desire to obtain as high an efficiericy as possible.
100 decalumens a
‘certain light flux per metre tube length @/l corre-
sponds to every point in fig. 2, and to this in turn a
certain current i corresponds, which can be read -

* off from the experimentally found group of curves

in fig. 3. The variation of current and voltage of the

Dl T
140 -
- . /
9/ 120 - - /
1’ 100} — 2
80, . i i A - // -
.60 / >(45A':m |
- 7 gScm
L. 40— = 30cm h—
: 25¢m '
20| s |
0 .
[} . 100 200 300 mA
—_—i 37739

Fig. 3. Relatlon between the current i and the light flux ob-
tained per .metre length of tube (P/l) for different values of. -

. the diameter d of the tubes. The curves are valid for a definite

composition of the luminescent layer (colour point I in fig. 9).

P

dis'charge tubes with time is practically indepen-

- dent of the dimensions and the current, so that now
* for every point in fig. 2 the watt consumption P can

A further limitation.occurs due to the fact that A

on the one hand the lamp must give a certain min-
imum light flux — in our case this was fixed at

be calculated from i and ¥p as P=085iVp .
(i and VB are effective values). By connecting points .

“with equal value of P, the curves indicated by broken -
lines in fig. 2 are obtained. From the shape of these

it follows that the point Ld can best be chosen in
the extreme left-hand corner of the shaded part.
The most  economical lamp which . satisfies our
requirements as to VB, @ and-B would thus have

“a length of 110 em and a diameter of 3.1 cm. The"

length has been altered to 1 m, to which a diameter -

100 decalumens -, whlle on the other hand of 3.5 cm corresponds. The current for this point,
S : indicated in fig. 2 by 4 is 250 mA, the wattage
8. To a certain degree the gradlent st111 depends upon the
! current of the discharge, this influence is, however, ne- ° consumptlort about 22 5 W ‘the hght yleld about
vlected here for thé sake of 51mphc1ty S # 44 lm/ W. ' :
! d . e . A’ o ’ - . s DN

e ) - . NN .
e hE . . ‘ _ ) .
-:‘r:.‘»é:w‘_'_"m;;_:”lm“% .—‘—';L\.\:A. o . _ L . » - TR
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Thc series of curves of ﬁg 3 holds for a given
o ’. ‘ compos1tlon of thé luminescent layer in the tube.
' . For other - compositions of pract1cal importance
' -V(other colours) the shape of the curves, and thus®

“also that of the broken line curves in fig. 2, will be

: sllghtly different; the conclusion that the highest .

RO efﬁciency is obtained in the corner of the shaded
.. area, however, remains valid, The most favourable
S _ dimensions for the lamp are therefore 1ndependent
| of the colour chosen

L The series apparatus g

.characteristic of the gas discharge, consists in its
simplest form of a choking coil. If we assume for
this coil a reasonable consumption of about 5 W,
~ the power factor. at the above- mentioned - values
ol of the output and current in the lamp (22.5 W and

0.25 amp., respectively).is given by cos ¢ =

L (22 5 + 5)/0.25 220 = 0.5. In general therefore
" 'an improvement of the power factor will be desired
~in this case. ‘

A point which requires spec1al attention is the

. where a high-voltage transformer was used, the
‘. no-load "voltage of the transformer could easily
be made so high that the tubes ignited under any

R N N PR
RN e :

" odes of the lamp in advance, while in addition

lamp is connected as in fig. 4. After the lamp is
‘switched on with the main switch [, the aux111ary
switch 2 is closed and a current of about 0.5 amp
flows through the choke L and the two hot cathodes.
- These- cathodes are of such dimensions that with
this current they reach a sufficiently high tempera-
ture in about 1 sec. If the auxiliary switch is now
“opened, the self-induction causes a voltage impulse

semin

0000 /
LT 4
B .

C s “ . 377240
I‘w 4. Simplest connections of the lummescence lamps. B

lamp, L choke, K hot cathodes, 1 maln sw1tch 2 auxiliary
- sw1tch for ignition. . . ?

s 220y
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" The series apparatus wh1ch is necessary to make
the lamp burn steadily because of the negative”

ignition. In the application previously described,’

circumstances. The mains voltage of 220 volts is, -
however not 1mmed1ately sufficient to cause break- -
down in the gas of the tube. The ignition Voltage )
must therefore be lowered by heating the hot cath- -

{ . avoltage impulse is necessary. For this purpose the -

"7 on the lamp whose magnltude depends not only ‘

TUBULAR LU‘MINESCENCE LAMPS < . - 61

upon the construction of the switch, ete. but also

_upon the phase of the alternatmg current at the
moment of interruption. If this’ phase is by chance

too unfavourable, the closing and opening of the
auxiliary switch must be repeated.
The closing and opening of the auxiliary switch

can take place automatically by constructing it in .
. the form of a bimetallic switch of the type shown

in fig. 5. The bimetallic strip B with. the switch
contact C forms one electrode of,a small gas-

- discharge tube. When the mains voltage acts upon

this due to the clos1ng of the main switch (I infig. 4).

. breakdown occurs in the’ tube, the blmetalhc strip -

is heated by the dlscharge and, by bending, closes
the contact C. The hot cathodes of the lamp are
now heated. At the same time, however, the dis-

charge in the small tube is short circuited, the bime-

tallic strip cools and the contact C is' opened. If

the lamp does not ignite the process is repeated

until it does.

3774

Fig. 5. Automatlcally working auxiliary switch for ‘the con-
nections in fig. 4. B bimetallic strip, E,counter électrode, C
switch contact. Between B and E a glow discharge occurs
whlch heats the bimetallic stnp

The bimetallic fswitch may not of course break -

down when the lamp is ignited. The breakdown

voltage of the switch tube must therefore be higher g
than the working voltage of the lamp and lower -
than the mains voltage. This can be realized by a -

suitable. choice for the gas pressure in the small

tube. The contact C and the other components )
must also be o constructed that the opening takes

place abruptly enough to cause the des1red voltage
1mpulse

and blmetalhc switch.
Another method 'of connecting the lamp w1th
the mains is with the use of a resonance connection

- such as is represented in fig. 7. If the self-induction L -

and the condenser C are in resonance at the mains

frequency, then in every period a sufficiently high
_' voltage acts on the lamp to cause it to ignite, es-
‘pecially when by means of suitable connections -
‘provision is made that upon switching on the hét
cathodes are also heated. After ignition - of the lamp

it acts as a shunt on'VC, so that the resonance is
disturbed. An advantage of the resonance connec-

x

- In ﬁg 6 a photograph is shown of the tubular -
“lamp’ with a- ser1es apparatus consisting of choke .
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Fig. 6. Luminescence lamp TL 100 with series apparatus.

tions is that the lamp ignites almost immediately
after being switched on, while, moreover, the con-
nections can be so arranged that the power factor
of the apparatus with the lamp burning is practi-
cally unity.

SHO00
L
)
220V = [
o = B
S
1
% 10000
37742

Fig. 7. Example of a resonance connection. The circuit formed
by the choke L and the condenser C is tuned to the mains
frequency.

The colour of the luminescence lamps
General considerations

One of the most important advantages of the
luminescence lamp is the large degree of freedom
it offers in the choice of the spectral composition
of the light emitted, because of the possibility of

—M
e
M w C
M W
c
W
; :
4000 5000 6000 7000 &
38469
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Fig. 8. Spectral energy .distribution of the luminescence of
cadmium borate (C), willemite (W) and magnesium tungstate
(M). With the thickness of layer which gives the highest
efficiency the visible mercury radiation simultaneously emit-
ted by the lamps amounts to 10, 5 and 10 per cent, respectively,
of the total radiation. The mercury lines are drawn exag-
geratedly wide and of such a height that the area of the sur-
face is a measure of the relative energy contribution at the
thickness of layer mentioned. The ordinates for C, Wand M
stand in the correct relation for the case where the same total
light flux is always produced. (The same holds for figs. 1lla
and 12a).

mixing different luminescent powders (phosphors)
in any desired proportion. In fig. 8 the spectral
energy distribution is given of the light of three
of the most commonly used phosphors, namely
of cadmium borate (red), willemite (green) and
magnesium tungstate (blue). These colours are repre-
sented in the colour triangle of fig. 9 by the points

N
52004~

54004

570041

60004
g
7000“
48004
A
45004 \A

J7784

Fig. 9. Colour triangle. C, W, M are the colour points of the
three phosphors calculated from the curves of fig. 8. By
mixing the phosphors any colour point within the shaded
triangle can be obtained, with an efficiency between 70 lm/W
(at point W) and 35 Im/W (at C and M). On line A lie the
colour points of black hodies at different temperatures (colour
temperature). In addition the colour points are indicated of:
gas-filled electric lamp G, sunlight Z, average daylight D,
blue light of the sky H, and three kinds of luminescence
lamps, I, II, III.

C, W, M. By mixing the three substances all the
colours within the shaded triangle can be realized
with an efficiency in the most favourable case (at
point W) of about 70 Im/W, in the least favourable
case (at point C or M) of about 35 Im/W ¢).

4) In the determination of the colour points for the three
phosphors the fact must be taken into account that it is not
exclusively luminescence light which is radiated by the
tubular lamp, but that there is always a certain small
proportion of mercury light. This proportion depends upon
the thickness of the luminescent layer, which at the same
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“For the ‘sake of "co'mpafis;on in ﬁg 9 the line A4

is also drawn upon which lie‘the colodr points for
glowing black bodies at different !:emperatu.res'._

Sunlighit lies on this line (at point Z) with a colour

" temperature of about 5.000 °K (i.e. its colour cor-

responds to that of the’ radiation of a'black body
at "about ' 5 000 °K), ‘and ' furthermore’ so-called
average daylight (the light when the sky i com:
pletely overcast), (point D) with a colour tempera-
ture of about 6 000 °K, the light of the blue sky

- H with a colour temperature of about 8 000 °K

TUBULAR LUMINESCENCE LAMPS o . A : 69

varied. The result is’,“givé'l‘i in fig. 70, while in the .
text below the figure the éxperiments are described. -
‘Below the lowest ‘curve the illumination is ““dim”"
(at low colour temiperature) or “cold” (at high

colour temperature). Above the highest curve the
unnatural colour reproduction " was unpleasant.
These ‘obviously vague “limits within - which' the

* illumination is considered “pleasing’® could in our
! 4 P g

experiments be determined at least with an-ac-
curacy of 20 or 30 per cent:

Lux

and- an ordinary gas-filled electric lamp of for 3 ¥4
instance 220 volts, 500 W, point G, with a colour 20000 ; ?
temperature of 2 850 °K. By using filaments at - .99 x
different temperatures other points on line 4 could ¢ °™
also be realized with the electric lamp; at points . fzfx
- to the right of G, however, their life would be
short and to the left of G their efficiency, which at & 200
itself may be about 16.5 Im/W, decreases rapidly. 100
h This is also the case when one attempts to reach s
k;‘: . points -'tolthe right of G with a filament at normal A -
# ¥  temperature ‘combined with filters, for instance 0 *
?Zne",. in the form of a coloured bulb; the Philips “sun- .z 2000 2250 2500 3000 4000 5000 0000% oo M

E

. In - doing this, however,

light Jamp” which is constructed on this principle
and whose colour temperature is about 4 200 °K,

has for instance only half the efficiency of a normal -

~ How can we make the best use of the great free-
dom in the choice of colour of the luminescence
lamps? - o
Considering the fact that according to fig. 9 all
colour temperatures between 2 500 and 10 000 °K
can bé obtained by a suitable mixing of the phos-
phors, an obvious solution would be to use the
luminescence light with its excellent efficiency to
replace or supplement daylight or electric light.
various factors must be
taken into account. . ‘ . S
In the first place at a given level of illumination
it is found that the colour tempera{cufe ‘must lie
within certain limits if the effect of the *filumination

gas-filled lamp. ‘

is to be pleasing. Roughly, it may be said that a’

low or a high colour temperature corresponds to a
low or a high level of illumination, respectively.

- We have investigated this relation experimentally

somewhat more closely by introducing in a room a
variable number of electric lamps whose current
(i.e. the temperature of the filaments) could be

time determines the efficiency. In each case a thickness
of the layer is assumed such that the highest possible ef-
ficiency is obtained; tlic percentages of mercury light
hereby occurring for the three phosphors are indicated in
fig. 8, and from the spectral composition of the total
radiation the three colour points are then caleulated. On
the general subject of the colour triangle see for example
Philips techn. Rev. 1, 282, 1936 and 2, 39, 1937. . .~

—,

Fig. 10. For every colour temperature there exists a high'e's;c
and a lowest level of illumination at which the illumination
is considered “pleasing™: at lower levels the illumination ap-

pears dim or cold, at higher levels the colour rendering is ~
unnatural. The left-hand part of the limiting curves, up to'a | -
colour temperature of 2850 °K, is recorded by allowing'
‘electric lamps with variable (decreased) current'to burnin a

room, and varying the number of lamps. The illumination
intensity on a table 80 ¢cm high was here measured. In the
right-hand part the lowest level -which does not give the im-

pression of coldness was determined by experiments with day-:

light itself and with the daylight luminescence lamps to be

- described below. The shape of the upper curve has been ex-

trapolated in this region with the help of the fact that in direct
sunlight ‘(colour temperature 5 000 °K) even with the highest
illumination intensities occurring (10* or 105 lux) the colour

 rendering is never found ‘“unnatural”, On the abscissa the
reciprocal value of the colour temperature T, is plotted, on .

the ordinate the logarithm of the illumination intensity E,
since 1/T. and log E are measures of the physiological esti-
mation of these quantities. In these coordinates the lower
limiting curve takes on a nearly linear form. It may be men-
tioned that the experiments were carried out in a laboratory
room.-It was found, however, that in a living room with light-

coloured furniture and wall coverings roughly the same limits

are obtained.-

From fig. 10 various conclusions may be drawn.
If for interior illumination an approach to daylight

is desired by the use of luminescence lamps with high =

colour temperatures, then according to the curve

at a colour temperature of 4000 °K an illumi-

nation intensity of at least 240 lux must be used
(see the text under fig. 10 for the significance of

these figures), at 7 000 °K 'at least 500 lux. Since o |

the level. of illumination is already determined by

"other considerations the colour temperature cannot .

be chosen arbitrarily high; if in a living room, for

.

Jr7es

_example, one does not wish to use more than 150 .
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. lux, then according to the figure 3 500 °K is the
upper limit for the colour temperature. -

A further limitation occurs in the special case
where the new light source must be capable of being

combined with that already existing, namely

" with daylight or electric light. The kinds of light to
be combined will then have to have approximately
the same colour (the same colour temperature), or
at least they must exhibit no unpleasant contrast
of colour. But in addition the colour rendering
obtained with the different light sources must also
not be too different. Similarity of colour by no
means ensures similarity of colour réndering, since
the latter is determined by the spectral composition
of the light and the same colour point in the colour

triangle can bé obtained with quite different spectral .

compositions. The colour rendering will be dealt
with in more detail below. .

‘While until now we have only considered cases
in which the luminescence lamps were to be used
for imitating or in combination with radiations on
the line 4 in fig. 9, the question may now be put as

to whether luminescence lamps may not also be -

- considered which have colour points in other parts
of the shaded triangle. The question whether such
a choice of the colour point can have special

. advhntéges we shall leave open %).

‘It is indeed found that a fairly large deviation
from line A is permissible if the following points
‘are borne in mind. In the first place ‘there is the
.seemingly paradoxical requirement that the light
must not appear definitely coloured. Upon direct
comparison of course all kinds of light appear in
" general coloured. If, however, there is no possi-
bility of comparison, dayhght and electric light
. do mnot appear coloured but
and this is also true for kinds of light with colour
points not on lme A as long as the devratrons are
" not too great.’ ' :

‘The second requlrement concerns the colour ren-

dermg Whlle the colour rendering can be judged

by comparlson when luminescence is used in
combination with other light and the de51gnat10n

of the colour impression obtained and the saturation’

_ of the colour obtained must agree, when ‘only lu-
minescence lamps are used no comparison is pos-
sible. In judging -the colour rendermg therefore
in this case one must have recourse to -“colour
memory” which is’ chleﬁy confined only to the

. dcsrgnat_lon of colours. Care must therefore be

. 5) We confine ourselves here expressly to normal interior.

" -jllumination. It is unnecessary to state that special effects,
' for instance’for advertising purposes, can ‘be obtained by
dewatlon from hne A. .

relatlvely ‘white”, -
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taken that. the classification of the shades of colour
of the objects in our environment in the light of

_the luminescence lamps does not become unnatural,

i.e. does not deviate too much from that in day-
Light.
In the third place there is now also a limitation

_of the colour temperature in connectlon with the

intensity of illumination used. At colour points
which do not lie on the line of blaek bodies we may
not indeed speak of a colour temperature. Never-

theless as experiments by Judd 6) have shown we .

can “assign” colour temperatures to such points

without ambiguity; this temperature is then that

at which a black body exhibits the smallest pos-
sible colour difference with the kind of light- under
consideration. Experiments have shown that fig. 10,
at least as far as the lower limiting line is concerned,
also gives useful results for assigned colour tem-
peratures. ' ' '

E:\;amples

We shall now illustrate the way in which the
results obtained can be put into practical use.

As first example we shall consider a lamp which
can be used specially for supplementation or taking
the place of daylight. Since the colour temperature
of daylight varies between about 5 000 and 8 000 °K, -
according as one is concerned with direct sunlight
or with the light of a more or less overcast sky,
the colour temperature of the lamp must be chosen
between about 5500 and 7 000 °K if it is not to -
exhibit a large colour dlﬂ'erence with sunlight.
In' order not to be compelled to use too high il-
lumination intensities when the lamp is used alone,
the -colour temperature should not be chosen h,lgher'
than 5500 °K. The colour point of this lamp then

lies at I in fig. 9. The spectral energy drstnbutron .

of the light which is obtained with the mixture, of
the three phosphors correspondmg to this is shown
in fig. 11a. In table I the composition of the light is
indicated according to the block method 7) often
used in this periodical; the whole spectrum is hereby ™
divided into eight wave length regions (blocks),

whose proportions of the total light radiation are
_measured or calculated. A" comparison with the °

figures for average daylight given in the same
table shows that a good agreement in the. colour
rendering with the two kinds of light can also be -

- expected. This was tested experimentally with the -

help of the colour cards of Ostwald’s colour atlas,’

-in three steps. Fust the brrghtness of the cards LI

5y D. B. Judd, J. Opt. Soc. Amer, 26, 421,1936. -~ g

- 7) Seefor example ‘Philips techn Rev. 4, 66, 1939.
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(Table T

Distribution of the light of different light sources 6ver the eight blocks of the épectrum indicated

',*. TUBULAR LUMINESCENCE LAMPS

[

g .1 g 2-8 3 € 4+ & 5 8.6 8 1 & s B8

o hl <3 . o w N ‘wn . =) O o t~
Lamp I - 0.016 " 0432 0638 | 03 42,9 36.8 9.43 0.363
Daylight 0.027 0.228 - 0.80L. | . 10.8 40.8 36.3 103 0.73
Lamp IT 0.010 0.409 0224 |~ 406 | 384 | 434 | 13.0 0.471
 Electric lamp| . 0.005 0.060 * | . 0.249 541 | 334 | 426 167 157
Lamp IIT 0.012 0475 .| 0462 725 | - 35.0 38.1- 18.0 0.695

- of reflection of the cards and from the spectral "~ © .

)
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Fig. 11. a) Spectral energy distribution of the radiation of a
luminescence lamp in which the three phosphors C, W, M

, 58472

the two kinds of liélit to be compared was deter-
mined from the spectral variation of the coefficient

distribution of intensity of the two kinds of light.
For a number of cards (of the nc series) the ratio
of the two brightnesses calculated is plotted in
fig. 11b. It may be seen that this ratio does not

“deviate very much from unity for any of the cards.

" As second step theshade of colour and satura-

tion.were investigated for a series of cards by il- -.

'lluinina:ting one half of each card with the lumines-
‘cence light and the other half with average day-

: light 8). The difference in colour between the two -

halves was designated by 0 (nof appreciable), 1 (just

. appreciable), 2 (clearly appreciable), 3 (very striking,

" * are so mixed that the coloux point .J in fig. 9 is obtained. The .

" broken line curve is for average daylight.

b) A coloured card upon illumination with average dﬁy-.

light in general exhibits a different ‘brightness than upon
. .equally intense illumination with the luminescence lamp I.
For 24 colour cards of the nc series of Ostwald’s colour
atlas, of the colours given along the abscissa, the ratio ¢
between the two brightnesses measured is plotted. At all

points g lies so close to 1 that the differences are practically |

unnoticeable.
¢) A complete set’ of colour
- observed in daylight and then in the light of lamp I. Each
compartment represents one card. The colours are designated
around the circumference of the circle (numbered 0-96); from
the centre toward the outside the saturation increases (letters
d to p). The arrows indicate the colour shifts ¢bserved. Only
- in the region marked “2” are such shifts clearly observable.

.

cards’ (c-set) which was first

quite different colour).. From the results-given in .
fig. 11c it may be seen that the differences are almost .
everywhere limited to “1?’; there is only a very .
small region with differences of the order of “2”;

“while differences “3” do not occur. Most colours”

are sor_newhatilés‘s saturated.in luminescence light
than in daylight. Finally as third step, experiments
were carried out in which the coloinj.renderilig. :
was judged exclusively by colour memory: the

colour cards of the series mentioned were illuminat- . :

ed with .the lamp and an attempt was made to

" name the colours observed as accurately as possible.

The differences ocburring with respect to the naming
of the colours observed in daylight were found to .

. be 'slight and in satisfactory agreement with the
diagram in fig. 1lc. . -

Summarizing it may therefore be stated that the
luminescence lainp with the colour point I, both in

.Tespect to its colour and in respect to its colour

rendering, very closely approaches average day-
light and may be used not only to replace but also,
to supplement the latter. : e

. If the emphasis lies more in the supplementation v
than in the substitution, then it is not actually

necessary to try to approach average daylight so

8) This riethod, has already been described by P. J. Bouma, = -
Colour reproduction in the use of different sources of -
“white’” light, Philips techn. Rev. 2,1, 1937. :

1
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closely. A supplementation of daylight will in prac-.
-tice be necessary chiefly .during the last few hours -

before sunset, at which time the colour temperature
of daylight, expecially with overcast sky generally

lies lower?) than the average value (the light is

redder). The colour temperature of the lamps may
thus be chosen somewhat lower. i

In the second example which we .shalll discuss it

was mainly a question of low levels of illumination.

For reading and other work an illumination in-

tensity of 150 to 250 lux is often applied. According
to fig. 10 the colour temperature must then lie
between about 2 550 ‘and 4 100 °K. The lower limit
mentioned corresponds to a colour point in the
colour. triangle of fig. 9 which is obtaincd by mixing
practically only cadmium: borate and willemite
(line C-W). A glance at the spectral distribution in
fig. 8 shows that the light so obtained will contain
practically no blue or violet except what is present

-"in the mercury light (line 4 358 A). It may therefore '

- be expected that the colour rendering by alamp with
such a low colour temperature will not be satis-
factory. It is thus better to choose for the purpose

- in view a colour temperature closer-to the upper

limit, 3 500 °K, for example, where the content of -

blue in the light of the magnesium tungstate im-

~ proves the colour rendering. Further improvement
_ . can still be attained by deviating slightly from the

line A4 for black bodies and adopting colour points
" with the assigned (see above) colour temperature
~of 3500°K. These points all lie on the dotted
straight line of fig. 9, and the point to be chosen on
... this line is indicated by II. Fig. 12a shows the spec-
tral energy distribution of the light of this lamp,
while in table I the block division is given. For the
. sake of comparison the spectral distribution of
intensity of the electric filament larﬁp is also given
here! The colour rendering of lamp II has been
investigated in the same way as describéq abové,
and primarily by colour memory. Only in the oiahge
‘region were there are appreciable differences from
daylight. The differences lie, however, in the same
direction as those which occur upon illumination
by ordinary electric light, to which we are already

accustomed. A direct comparision of the colour.

rendering of lamp. II with that of the electric lamp
‘produced quite considerable differences, see fig. 12b.
As was to be expected the colour rendering of lamp
. IT is more nearly like that of daylight. In spite
of this difference and the difference in the colour
of the light itself from that of the ordinary electric

- 9) SeeS.5.0rnstein, J.G.Eymers, D. Vermeulen and
© . ++G. W. Postma, Daylight measurements in Utrecht, Proc.
Kon. Akad. Wet. Amsterdam 16, 1—79, 1936. '

1
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lamp, the effect obtained upon combination of

‘these two kinds of light is not found to be too un-

pleasant. As far as the difference in colour of the
light is concerned this is Because of the fact that
the line joining the points II and G is practically
parallel to line A; it is a well known phenomenon
that such a difference in ‘colour (blue-yellow con-
trast) is experienced as much less unpleasant than
the difference in colour between two points whose
connecting line is about perpendicular to line A
(ved-green contrast). ’ ’

BLUE-GREEN

38471

Fig. 12. a) Spectral energy distribution for luminescence lamp

with colour point II in fig. 9. The broken line curve refers to

ordinary- electric light. ; . . o
b) Colour shifts of the colour cards upon illumination first

- with electric light, then with lamp II.

Finally an example may be given in which use

. was made of the possibility discussed above of -

using colour points which are fairly far away from

. the line for black bodies. The advantage of such a . -

light source may consist in a modification of the
colour rendering in the sense that the colours of
all objec{:s appear’more saturated, so that the
whole interior under this illumination makes a
fresher and brighter impression. A similar effect
can be obtained for instance with the ordinary

“electric lamp by decreasing the energy contribution
_ of the block 5 600—6.100 A by means of a filter of .,
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“Philiphane” glass%). By daylight a similar effect .

is produced when the energy contributions of the
blocks 5 100—5 600 and 5 600—6 100 A are both
decreased. With a certain mixture of phosphors
(colour point ITT in fig. 9) a spectral energy dis-

tribution with such a minimum in the wave length .
.Tegion in question can be obtained, see fig. 13.

The lamps constructed with this mixture also ac-
_tually produced for many colours the effect of the
increase in saturation. The condition that the lamp
itself must still appear “relatively white” is here no
longer‘satisfied. The impression of being coloured is,

19) P. J. Bouma, The colour reproduction of electric lamps
and “Philiphane’ glass, Philips techn. Rev. 3, 46, 1938, It
may be pointed out that in this discussion the term “sat-

* uration” must not be taken in a physical but in a physio-

logical sense; a colour gives the impression of being more

saturated according as the colour point is farther away
from the colour point of the light used. :

TUBULAR LUMINESCENCE'LAMPS- C , k 13

however, still' very weak, and in connection with
the special - applications of this lamp it is not
serious. The colour rendering must in this case be
judged exclusively by colour memory, since the
lamp is not intended for use in combination with
other sources of light. The designations of the col-
ours found deviate here also only little from those

by daylight.

0, L
4000 - . 6000 . 7000 A
vout | e | coreen veliowlorase e " ssen0

1

"Fig. 13. Spectral energy distribution for the luminescence lamp
with the colour point III in fig. 9. C
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VIEW OF ONE OF THE HALLS OF THE PHILIPS GLASS FACTORY

At the beginning of this year the glass factory had been in existence for 25 years.

While the manufacture of the bulbs for ordinary electric lamps and

radio valves is at present mechanical, the blowing of bulbs for the

many kinds of special lamps is still one of the branches of the industry
where the old handicraft has been retained. The glass blowers stand in
a ring around the glass furnace in which are situated the pots of molten
glass. They take out portions of glass on the long pipes and blow it
into the desired shape. The pipe with the still hot bulb is then handed
over to the boys whe form a second ring around the glass blowers, and
who knock off the bulbs and place them in the racks. The picturesque
impression which is given by the whole does not detract from the
great efficiency and precision with which the work is actually done.
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o A SIMPLE APPARATUS FOR COUNTING ELECTRONS
by A. BOUWERS and F. A HEIJN
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For the measurement of electron beams or of y-rays an electron counter is usually used
which contains as its most important component a gas- discharge. tube fed -with a D.C.
" voltage of about, 1,000 volts;which gives a current “impulse for every electron ‘entering

" . (Geiger counter). After a Dbrief explanation of the general construptlon, of countmg tubes . 7‘
. .and the connections in which they are used, a srmple counter is 'descrrbed which i is espe- ’
“cially. mtended for use in demonstratlons, for orienting measurements and "the hke In
-, contrast'to precrslon counters which are manufactured by Philips for screntlﬁc purposes,

. e " in the apparatus described here emphasis has. heen laid* upon obtaining a unit whieh is . ¢ .o

‘ _excrtmg the necessary D.C. voltanre

The processes which take place in the ‘_nuclei of
atoms are oftén manifested by some kind of radia-

“tion which accompanies them. The classic example

is -the spontareous decomposition of radium in

“which not only electromagnetic ‘waves (y-rays) are

emitted, but also material particles (electrons "or
p-rays and helium nuclei orva-rays) The experimen-

* tal 1nvest1gatlon of such processes indeed amounts
~ chiefly to the detection and ‘measurement of thie

‘e

fadiations émitted. ‘ ' o :

- The methods developed for thls purpose have al-
ready reached ,a high' degree of *perfeciion. For
example, with the help' of the WllSOl’l chamber and

- a magnetic field it is possrble to determiné the Veloc- ,

ity of emitted electrons with' great accuracy. . With
1omzat10n chambers and amplifiers extremely ac-
curate measurements have been carried out on the
range of heavy partlcles (hydrogen naclei for
example). RN . . N
In’ many cases, however, it is not a questlon of

carrying -out such preclsmn measurements. For

demonstratlons during lectures, etc. and for orientat-
ing tests an instrument will suffice with which the
presence of the radiation alone can be shown, and
its mtensrty estimated if desired, while in these

cases it is of more ‘importance to make the apparatus
as 51mple as pos51ble and preferably easy to trans- .
! port ' : :

: In this article an mstrument will be’ descrlbed

_for the detection — the * ‘counting” — of electrons;

which has been. especially developed for the use
mentioned.” For a better understanding it is de-

sirable that somethmg should ﬁrst be said about”

Principle of the electron counter -

For detecting an electromc radlatlon use is or-
dinarily made of the Geiger counter. This is a
gas-discharge tube with a certain electrode config-
urftion which can for instance be connected as

‘indicated in fig. 1. A D.C. voltage, slightly higher

simple in operation and easy to transport. This has been made- possrble partly by the ap-_, . -~
: phcatron of a cascade connection [consisting of small condensers and selemum valves for

. - » o »

than the normal breakdown voltage Ads applled to
‘the tube. Breakdown only occurs, however, when

i the gas of the tube there is a “germ’’ in. "the form

of a free electron. On its way to the anode this elec-
tron wrll ionize a number of atoms; each of the elec-
trons freed in this way repeats the process and an

avalanche of electrons ensues. which initiates’ an

independent discharge.* With a suitable:shape” of
tube and a sufﬁclently?*large resistance R in‘fig. 1,
. however, the dlschargei-ls found to:be .unstable:
it breaks .off after a Vé‘ry shortstime, after whlch
the entrre phenomeron’ canvbe fepéated with'a new

“germ”. The germs may now be prov1ded by an
“electronic radiation wh1_
(countmg tube) from the" outside. An electroi. then

manifests itself byea sho:“rt current 1mpulse through '
the tube whlchﬂmay be observed andr counted”

P>}

37866

'I‘ig 1. Simple connections for the Geiger counter. G count-
-ing tube, R resistance of at-least 10° ohms, E D.C. voltage .-

source for 1200 volts, T electrometer or other instrument
for recordmg the - current 1mpulses

A su_ltable electrode conﬁguratlon for the counting

tube has’ been found to-be a_cylindrical cathode
along whose axis a fine wire is stretched as anode.
The gas pressure is made several cm Hg, the

- voltage 900 to 1200 volts. For the rest, differ-
-ent investigators have given very different (some-

times contradictory) specifications about the nature
of the gas to be chosen, the materials of the elec-

trodes, etc. This lack of agreement is_ a reflection
of the fact that no explanation satisfactory in every -

1.enters the discharge tube
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- respect has yet been found for the mechanism of the
_phenomena occurring in the counting tube, in par-
ticular for the breaking off of the discharge 1). For

_this breaking off it seems to be &ssential that the
current which begins to flow after the breakdown

in the tube should not exceed a certain very low

value. The current which increases rapidly upon

breakdown causes a rapidly increasing voltage drop

" along the resistance R, so that the voltage on the
tube falls. If R is larger, then already at a very small

current the voltage loss becomes several hundred

volts, with the result that the current does not

exceed the above-mentioned critical value and the

discharge is extinguished.
In the simple connections sketched in fig. '1

R must be at least of the order of magnitude of '

10° ohms to obtain the desired effect. This results
in very high requlrements, which are difficult to
satisfy in practice, being made of . the insulation
of the electrodes.and connections; the insulation
resistance must of course be greater than R, since
it is in parallel 'with it. Another dlsadvantage of
the high value of R is the followmg If two electrons
- enter the counting tube in .quick succession; the

second electron will only cause a separate current

impulse when the counter has already [‘forgotten”

* the impulse due to the first electron,: i.e. when ‘it "

has returned to its initial state. This takes a certain
time, and this time is largely determined by the
speed with which the voltage on the tube rises to

the original value after the breaking off of the dis-.

charge. The RC time of the current circuit provided

a measure of this. If we take for the capacity C of

the cnunting tube and connections a value of 10 pp.F
— in practice one can scarcely reach a much lower
- value —,.then at R = 109 ohms the RC time is 1072
~ sec.
of the.“resolving power” of the counter, ie two
electrons which enter the counting tube “within
a time interval of less than 1072 sec are counted as
a single electron. The resolving power is obviously
lower, the larger the value of R. . ’ ‘
Considerable improvement with respect to the

_ required magnitude of R is obtained by means of.’

the connections indicated in fig. 2 2). The voltage
on R is applied to the grid of an amplifier valve
which in the normal state. passes no anode current

* due to a sufficiently strong negative grid bias. With~
a very small voltage on R, caused by the ignition .

1) A survey of a number. of important publications on this ,

subject is given.by J. H. Gisolf: Elektronentellers, Ned.
-T. Natuurk. 4, 129, 1937 :

2) H. V. Neher andW W. Harper, Phys Rev 49, 940
1936 :

This is - therefore ap'proximately the limit’
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of the (;ounting tube, a large anode current begins to
flow, which- causes such a voltage drop along the
anode resistance R, that the tube is extinguished.
In order to bring about the extinction in the same
way as in the connection of fig. 1 (i.e. at the same
value of the current through the tube) the resistance

. R need now be only about 107 ohms, with Ry, ~ 10°

ohms. Then a normal insulation of the electrodes and
connections suffices, while the resolving power of
the counter has become one hundred times as great.

Y

—nnr
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-

i E Gl
if -
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Fig. 2. Connectlons according to Neher and Harp er. The
voltage on R is amplified by an amplifier valve B. The resist-
ance R here needs only to be 107 ohms, the anode resistance

.- Ry much less still. The D.C. voltage ‘source E1 prowdes the

necessary’ gnd bias. _ -

We must stop a moment at the last point. Be-
51des the counting tube and the connecctions belong-
ing,to it, the appalatus also contains an indicating

'.mstrument for which as the smplest “possibility

we have assumed an electrometer in the above.
Instead of this an instrument is usually used which
automatically records the number of current im-
pulses received, namely the. familiar call counter
of telephone technique. It is clear that the resulting
power of the’ electrometer or call counter is always -
fairly limited, due to their mechanical inertia. In
general it is ‘much less than 100 per second. And
since it is true here also that the slowest Shlp deter-
mines the speed of the whole fleet, it would be use-
less to increase the resolving power of the counter
connections as much as possible without at the same
time arranging the indication on the same ba51s
This can be done with the help of an automatlc
counting circuit (“scale of two” 2)) which transmits
only every second current impulse of the counting
tube to the ‘call counter or to a second, third,
counting circuit which works in the same way. By
counting in four stages, for
instance, only every 16th electron is recorded in the
call counter, so that it can handle 16 times as many
electrons per second as its mechamcal inertia would
permlt '

carrying out the

3) The first arrangement designed for.this purpose wasgan-
nounced by C. E. Wynn-Wllhams, Proc Roy.
A 136, 312, 1932.
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Electron counters with such counting circuits,
which are indispensable for precise investigations,
are also manufactured by Philips. Of the apparatus
here described, however, an especially high resolv-
ing power was not required. The connections of
fig. 2 were therefore used which make all the
special precautions as to insulation superfluous
(keeping the air dry, etc.), no counting circuit is
used, however, in order not to make the apparatus
unnecessarily complicated and heavy. We shall
now study the apparatus itself in somewhat more
detail.

Description of the apparatus
The counting tube

The most important structural data of the
counting tube have already been mentioned above,
while it was also stated that in certain respects, es-
pecially with regard to the material of the electrodes

and the gas filling, opinions as to the best choice

A SIMPLE APPARATUS FOR COUNTING ELECTRONS 1

both ends of it to support a tungsten wire serving
as anode. The welds are vacuum-tight and heat-
resistant. The construction can clearly be seen in
the X-ray photograph fig. 3. The cathode cylinder
is made so thin (about 0.1 mm) that electrons with
very low speeds can still pass through it. The 0.1 mm
thick anode wire is heated during the degassing
by the passage of a current. In order to keep the
wire tightly stretched during this process and later
also (it must lie along the axis of the cathode cyl-
inder) the spring visible in fig. 3 on the left is
introduced.

It is interesting to note that the glass used for
the counting tube may contain no potassium,
iince this element exhibits a natural, although very
weak, radioactivity, and the electrons emitted
would continually give rise to current impulses.
Another cause of these undesired current impulses
is the cosmic radiation which is present everywhere
in space. Since the number of impulses occurring

Fig. 3. X-ray photograph of the counting tube. At both ends of the thin-whlled chrome-
iron cathode cylinder K a tube of good insulating potassium-free glass is welded. The
spring visible on the left keeps the thin tungsten wire 4, serving as anode, tightly stretched.
The shielding tubes C serve to improve the shape of the electric field in the tube.

are quite divergent. A series of investigations on
these points have been carried out in this labora-
tory %), and finally led to the result that the choice
of the electrode material and of the gas are not so
important as was previously thought, if care is
taken to secure the greatest possible purity. This
means among other things that the anode wire and
the walls of the counting tube may not contain
any adsorbed impurities which could be liberated
when the tube is in action. The counting tube must
therefore be carefully heated and degassed before
it is filled with the desired gas (a mixture of argon
and nitrogen, for example) and sealed off, just as is
done with transmitter valves, X-ray tubes, etc.
In the case of the counting tubes here developed,
just as in that of the Philips transmitter valves and
X-ray tubes, this is made possible by the use of
chrome-iron: by making the cylindrical cathode
of this material it is possible to weld a glass tube to

%) W. de Groot and J. H. Gisolf, Ned. T. Natuurk. 3,
161, 1936; J. H. Gisolf, Physica 4, 69, 1937, and the

article referred to in footnote ?).

due to this cause is proportional to the volume of
the counting tube, the tube has been made fairly
short for our apparatus. (Conversely, the counting
tubes which are made by Philips especially for
investigating cosmic rays are very large).

The quality of a counting tube can be judged
by means of the so-called count characteristic which
indicates how many electrons the tube counts at
different voltages when a given radiation, i.e. a
given number of electrons per minute, is allowed
to enter it. At very low voltage (too low for the
occurrence of electron avalanches) the tube will
obviously show no reaction; at very high voltage
the fall in voltage caused by the resistance R will
not be able to cause extinction, and a continuous
discharge will therefore occur. Between these two
extremes lies a more or less sharply-defined voltage
region, the “counting region”, within which the
tube gives a number of current impulses proportion-
al to the number of electrons entering it. The wider
the counting region the better the counting tube.
In fig. 4 a characteristic is given of the counting
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. tubes heré described. It may be-seen that, with-the
radiation used for recording, the voltage may lie
between about 1 000 and 1150 volts. With more
intense radiation the counting region is smaller.

500 /min

fo0-

1 ) !
950 1000 1050 1100

s

0

& 1
1150 - 1200V
. J7883
Fig. 4. Count characteristic of the counting tube. A sample
of 1 mg of radium enclosed in a lead case 1 ¢m thick and placed
at a distance of 1 m from the counter served as source of radia-
tion. The number of current impulses recorded by the counter
is plotted as a function of the voltage on the counting tube.
. The “counting region’’ within which the number of current
impulses provides a correct measure of the intensity of the
radiation extends in this case from about'1 000 to 1 150 volts.

The connections

The connections of the apparatus are given in
fig. 5. They correspond for the most part to those
of fig. 2. As amplifier valve B, a valve with a steep
slope is used, which gives a high anode current and

thus a large fall in voltage on the counting tube -

with a small increase in the grid voltage. The ne-
cessary grid bias cannot in this case, as is usual in
. ordinary amplifier connections, be obtained- with
a resistance in the cathode connections, since the
valve carries no current in the no-load state. There-
fore the bias is taken by means of a potentiometer
from the plate voltage apparatus which serves for
the supply. For the counting.of the curfent impulses
they are further amplified by a. second amplifier
_valve B, and applied to a call coupj:ef, the rattling
of which already thakes it po.ssiblle».,f;c)" éstimate, the

- LY
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. intensity of the radiation by ear without reé’ding it off.
. As was stated above, a D.C. voltage of from 900

“to 1 200 volts is needed for the counting tube. The -

. generation of such a voltage is of itself no problem;
according to the 6rdinqry method, namely the use
of a transformer with rectifier, valves, fairly heavy
constructions are, however, obtained. In order not
t,(; load the app aratus with these, a different method
has been chosen herc. In ’thiAs periodical 8) it has

already been explained that with the help of a con- -

nection of condensers and valves (cascade connec-
tion) from an. A.C. voltage with the peak value E
a D.C.'voltage 2E, 3E, 4E, ctc. can be obtained.
This connection, which is in general only used for
obtaining very high voltages (of hundreds of kilo-
volts), is found to he advantageous in this case also
for the rélatively low voltage .of 1200 volts. The
A.C. voltage is provided by the mains (at 220 volts

the pegk value is about 300 volts), and can be further
regulated with a potentiometer. The four successive .

- stages of condensers and rectifiers with which the
high"D.C. voltage is obtained are shown in fig. 5.
As rectifiers selenium valves are used which in

order to obtain the required blocking voltage of .

600 volts are in each case built up of about 20 ele-

ments piled one on top of the other, each with a-

’blo;:king' voltage of about 30 volts &). In this way

an extremely small and light unit is obtained as

shown in fig. 6. . .
In fig. 7 a photograph is given of the complete

apparatus which can be connected directly to the -

light mains.

) Philips techn. Rev. 1, 6, 1936. . . .
%) -On the subject of selenium valves and their applications -
see D. ) . Duinker, Philips techn. Rev. 5,199, 1940. The
selenium elements here used are of a special construction

. for very small cirrents.
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for the most part to those of fig. 2. The current impulses caused by the counting tube G in

the amplifier valve B, are amplified in a'second valve B, and fed to a counting device (call
* ¢ounter) T This contains a magnetic coil M excited by the anode current of B,, which at
; every current impulse attracts a lever which causes a toothwheel to- move by means of a
3. hook. The supply voltage for the counting tube is obtained by mieans of a cascade connec-

tion of condensers C,;-C, and selenium valves ¥,-¥;. The grid bias of the amplifier valve B,

is regulated with the potentiometer P,

S
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Fig. 6. Cascade connections for 1-200 volts. Each of the valves
consists of 20 selenium elements piled one on top of the other
in a glass tube and pressed firmly together by a spring.

In conclusion a few words must be said about the
possibilities of application. Besides for the appli-
cations already mentioned, such as the detection
of an electronic radiation for demonstration pur-
poses, the apparatus can also be used in other fields.
In hospitals it sometimes happens that radioactive
substances which were enclosed in bandages for
irradiating a patient are lost. They can often be
found by going over the room in which they are
thought to be present with an electron counter,
which will announce the proximity of the substance
by a loud rattle of the counting mechanism. The
apparatus may also be useful to the doctor for con-
trolling the possible secretion in the urine of an
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artificial radiaoctive substance ) administered to
a patient. The presence of y-rays, X-rays. ultra-
violet rays and visible light can be demonstrated
indirectly with the “electron counter™, since these
radiations free electrons from the cathode of the
counting tube (photoelectric effect). In the above-
mentioned demonstration of radioactivity it will
usually be the y-rays which cause the instrument
to register. (This was also the case in taking the
photograph of fig. 4). In order to experience no
difficulty from daylight while using the tube, it is
lacquered black. If a small window is made in the
layer of lacquer, interesting effects can be obtained
with the instrument. It reacts immediately with
an obvious increase in its rattling when a window
is opened, since then more ultraviolet radiation,
which is very active photoclectrically, enters the
room. The lighting of a match is noticed by the
instrument at many metres distance, etc. We have
already mentioned that cosmic rays cause current
impulses in the counting tube. If one does not use
a special shield of lead or iron to weaken these
rays, the apparatus counts about 13 impulses per
minute; with a shield of 10 cm of iron the number
falls to 6 per minute.

?) It is known that several years ago in the Netherlands
such a case occurred, and a preparationlost in an institution
in the Hague was found in a rubbish dump in Drente
(a distance of 150 km).

®) See on this subject the article of F. A. Heijn and A,
Bouwers in the foregoing number of this periodical 6,
46, 1941).

Fig. 7. The complete eleetron counter opened. On top of the cabinet may he seen the
counting tube. Through a small opening in the cover the position of the counting device
can be read off. Through two holes on the right side the supply voltage for the counting
tube and the grid bias of the first amplifier valve can be varied with a screw driver, if this
should be necessary. In the lower part of the right-hand side is the connection for the mains
voltage and a switch, above, a connection by which the current impulses can be taken from
the valve By, and if desired fed to an automatic eounting circuit when measurements
with a higher resolving power must be carried out. The apparatusis 23 X 12 X 12 cm and

weighs only 2!/, kg.
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STEREOPHONIC RECORDING ON PHILIPS-MILLER FILM

by K. de BOER.

534.76 : 681.84.081

Beginning with an ordinary apparatus for recording sound film by the Philips-Miller

system, an experimental arrangement has been worked out for the making of stereo-
phonic recording. Two sound tracks must be cut in the film strip in this case. The fact that

the tolerances as to time differences in the two tracks are extremely small and the require-
ment that the stereophonic recording must also be able to be played without the stereo-

phonic effect if desired, led to an arrangement in which two sound recorders side by side
cut their tracks on the same roll of film. The mechanical problems which were hereby en-

countered, as well as several details of the arrangement used for recording and reproduction

are briefly discussed.

When the time comes to make use of stereophonic
reproduction in the cinema, in broadcasting, etc.,
and the opinion becomes more and more general
that the improvement in quality so obtained is
worth the trouble, it will become necessary in the
first place to find a process of making stereophonic
records on a large scale. One possibility of stereo-
phonic recording has already been discussed some
time ago in this periodical, namely, recording on
gramophone disc records 1). Although this method
was satisfactory for the purpose then in view: the
study of different arrangements for stereophonic
reproduction, the determination of the requirements
to be made of the sound image, etc., for use on a
large scale, particularly in the cinema, it can scarcely
be considered. The objections are the same as those
which formerly defeated the gramophone record in
the development of sound film: the playing time
of the gramophone record is too short, and there is
no easy method of assembly and synchronization
with the corresponding picture film. The first ob-
jection is particularly important with stereophonic
disc records, since the method of recording limits
the playing time to half that normally obtained.

Experiments have therefore been carried out in
this laboratory in order to work out a method of
making stereophonic records on film strips, and
the method and apparatus chosen were those of the
Philips-Miller system 2). A short description will
here be given of these experiments which led to the
solution of several problems which will also be
encountered in the construction of a cinema machine
with stereophony.

For stereophonic reproduction the sound in the
recording room must- be taken up by different
microphones, while the sound contribution of each
microphone is reproduced by a separate loud
speaker in the reproduction room. For each sound
contribution therefore a separate “channel” is
necessary, and in recording, a separate sound track.

1) K. de Boer, Experiments with stereophonic records,
Philips techn. Rev., 5. 182, 1940.

In practice it is found that two sound contribu-
tions suffice to give a satisfactory stereophonic
effect 3); therefore only two sound tracks need be
recorded on the film.

How can these two sound tracks be obtained on
the film strip ?

The ordinary apparatus for recording and repro-
duction by the Philips-Miller system, see fig. 2,
is carried out in duplicate, in order, by alterna-
tive use of the two halves, to be able to record
and reproduce passages of a ny desired length
without interruption. It was logical to use the two
recording systems thus available in our experiments
for cutting the two sound tracks, namely by drawing
the film from the feed roll in one system along both

2) The principle of this system is shown in fig. I. On a strip
of celluloid film C, a gelatine layer G with a very thin non-
transparent covering layer D is deposited. This “Philimil”
film is pulled along under a wedge shaped cutter S, which
is moved up and down in the rhythm of the sound vibra-

Fig. 1. Principle of sound recording by the Philips-Miller
system.

tions and thereby culs a transparent track of varying
width (the sound track) in the film. The reproduction of
this track, like that of photographically recorded sound
film, takes place by an optical method. The particulars
of the system are discussed in detail in Philips techn.
Rev. 1, 107, 135, 211, 230, 1936; 5, 74, 1940. On the sound
recorder see especially the second article referred to
(A. Th. van Urk).

3) K. de Boer, Stereophonic sound reproduction, Philips
techn, Rev. 5, 107, 1940; Diss. Delft 1940.
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Fig. 2. Apparatus for sound recording by the Philips-Miller system. The machine consists
of two similar halves. On the top of each half in the middle may he seen the sound recorder
B. In E and F are a lamp and a photocell for reproducing the sound track. To the left and
right at the back of each half may be seen the film rolls.

of the sound track cutters to the winding roll in
the other system; see the diagram in fig. 3. Corre-
sponding points of the two tracks recorded side by
side in this way lie at a certain distance a (about
1 m) from each other ( fig. 4). In reproduction the
two optical scanning systems, along which the film
is moved in the same way as in the recording, must
stand at the same relative distance a (more precisely,
the section of film between the two systems must
have the length a).

JEro

Fig. 3. Diagram showing how stereophonic recordings may be
made whereby the two similar halves of the Philips-Miller
apparatus are used. A4, feed roll of film, F “Philimil” film,
8;, S, cutting rollers on which at G; and G, the sound tracks
are recorded. 0, winding roll for film. The cutters G, and G,
are at different heights above the cover plates, so that the
two sound tracks lie side by side on the film. The film is
transported by the roller S,.

This apparently simple method encountered
various difficulties. In the first place, in recording,
a certain stretching of the film occurs due to the
tension which must be applied to overcome the
resistance by the two cutters (see footnote ?)) in
cutting the track in the film. With ordinary re-
cordings this stretch causes only a slight, quite
inaudible shift in pitch; in stereophonic repro-
duction, however, it has unpleasant results. Corre-
sponding points on the two tracks are farther apart
due to the stretch, and thus do not pass through
the two scanning systems at the same time, but
with a slight difference. The result is a displacement
of the sound image observed by the listener ¢).
In order to avoid this effect the requirement should

A 8 c

—

| 2 ¢
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Fig. 4. Diagram of stereophonic sound film recorded according
to fig. 3. Corresponding points AA4’, BB’, CC’ on the two tracks
are separated by a distance a.

1) See the article mentioned in footnote ).




"tha.t the stereophonic film, even ‘without stereo- --
* phonic effect, should be able to be played off on

82

be made that the stretch of the filmn over a length
of about 1 m (the distance a) should not be more
than 60 p.! It must also be noted that a constant

- stretch over the whole film would be harmless,

since one could then climinate the time difference
by changing the relative positions of the scanning
systems correspondingly. However, the stretch is
not constant along the whole film, since the resist-

“ance of the strip, and therefore also the necessary

tension, depends upon the cutting depth of the

" cutter, which varies widely for loud and soft pas-

sages in the sound. The result of the stretch is there-
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fore irregularly varying time differences between .

the two sound contributions, and thus a fluctuation
of the sound image. - ) .
Attempts may be made to avoid stretch by
giving the film strip a separate transport mechanism
at each of the two sound cutters, so that the section

of the film between need not transmit any force;

see the diagram of fig. 5. The two transport me-

J78:12

Fig. 5. Inorder to avoid Qtretching the film the method of
fiz. 3 can so be changed that both cutting rollets §; and S,
are driven separately. The two rollers must in this case be

rigidly coupled. The letters have the same: significance as in

fig. 3. : A » ‘

-~ chanisms must then be ;:oupled with each other
in order to make sure that they both transport
* equal lengths of film in equal times. Such a cou-

pling, ‘however, in general leaves the possibility

open for slight periodical variations in the veloc-

ity of the film at the position of the cutters. This

introduces periodic time differences between the
two ‘sound contributions which in turn cause
displacements of the sound image. Experiments with

such an arrangement showed that it would only

be possible to” limit this effect sufficiently with
fairly elaborate and expensive constructions. -

- Even if these difficulties were successfully over-
come, _liowever, ‘an important objection to the

"method outlined would remain. As long as the

steréophonic sound film has not yet gained a p:er-

‘manent position in the film industry, it is very

desirable for stimulating initiative in this direction

Vol. 6, No. 3

ordinary sound film machines as well. This is
imposéible in the method described, since in scan-
ning in the ordinary way the parts of the two
sound tracks lying side by side are always made
audible at the same time, while they should be
reproduced with a time difference of about 3 sec
(namely ajv where v = film velocity = 30 cm/sec).
The result would thus be that every passage of
the recorded speech or music would be made audible
twice, at a time interval of 3 sec. . :

In ‘order to avoid this echo effect the stereo-
phonic film must be recorded so that corresponding
points of the two sound tracks lie side by side on
the film with a relative displacement of not more
than' 1 to 2 mm. The problems of stretch and of

* periodic time differences are thus also eliminated 5).

" These considerations lead to an arrangement in
which two sound recorders side by side cut their
tracks on the same cutting roller. This idea could
not immediately be realized with the existing
construction of the Philips-Miller recorder, as is
obvious from a consideration of fig. 6. It may be
seen how on the one hand film and cutting roller,
and on the other cutter, armature and magnetic
circuit of the recorder are arranged, in relation to

_each other. If one imagines a second sound recorder,
as it were a mirror image of the first, introduced on

the other side of the roller, so that the two record-
ers are side by side, one comes into conflict with the -
law that two different things cannot be situated
at the same time at the same point in space. The
most difficult problem arose due to the axis of the
cutting roller. As may -be seen in fig. 6a it would
run straight through a pole piece of the second

'sound recorder. To avoid this, either the distance

between axis and cutter, thus the diameter of the
cutting roller had to be increased, or the width

of the pole pieces of the second sound recorder

decreased. The latter is not immediately possible,

.since the magnetic resistance of the pole piecés may

not be made too large. The first solution also has

" harmful results: the peripheral velocity of the

§) It might be thought that the “echo” could also be avoided
by only reproducing one of the tracks and covering up
the second track in the machine for playing. This would,
however, give an unbalanced reproduction of the recorded

- . musie, since in sterecophonic reproduction the two micro-
phones are expressly so placed that each microphone
“hears” the sources of sound in a certain part of the room
less well than the other. In order to obtain a satisfactory

whole the two sound contributions must in any case, either

» with or without sterecophonic effect, be recombined.” Where

in this article the term “ordinary” sound film machine is
used, it miust be kept in ‘mind that “Philimil” film can
> only be reproduced directly in the corresponding machine,
while for the reproduction in an ordinary cinema machine
the sound track must first be transferred to the picture
“film. o . - o v

iy
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cutting roller, i.e. the film speed, is fixed; a larger
roller must therefore turn more slowly. Because
of this the energy content of the {lywheel mounted
on the axle of the roller, which serves to eliminate
the influence of variations in the cutting force,
is decreased, while the couple which tends to cause
irregularities is made larger due to the larger diam-
eter of the cutting roller (longer lever). Fortunately
it was found that in the existing construction the
pole pieces of the recorder as well as the flywheel
of the drive were of sufficiently generous proportions
to make it possible to find a satisfactory compro-
mise. The width of the pole pieces needed only to
be reduced by a few mm, while the diameter of the
cutting roller could be increased from 35 mm to
70 mm.

I

b)

=aC
Oc

37813

e ——4
3 a—b

Fig. 6. The sound recorder of the Philips-Miller system. In «
the relative position of armature A, cutter B, film F and eut-
ting roller S may be seen, while b shows the assembly on cover
plate R of the machine. P pole pieces, M permanent magnel,
T axis of the cutting roller (also called sound or tone axis),
E axis about which the whole recorder can be rotated, D pin
for regulating the cutting depth. The screw for regulating D
is moved by the knob C.

Other less essentiel! structural changes were necessary for
the body of the recorder and for the magnet which excites the
magnetic circuit of the recorder. In the original construction
the eutting roller is set into the body of the recorder (see
fig. 6), which is a convenient method of giving firm hearings
to the shaft E, and thereby of fixing as well as possible the
relative positions of cutter and cutting roller. Now, in order
to be able to place the two recorders side by side, they were
made flat. see fig. 7. As to the magnet, in the original construc-
tion it was set above the pole piece as may be seen in fig. 6.
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Fig. 7. Conmstruction and arrangement of the two sonnd re-
corders G,, G, for cutting two tracks on the same cutting
roller S. The recorders are on the common axis E. Letters
have the same significance as in fig. 6.

In the second recorder, which must be as a mirror image to
the first, the magnet would fall below the pole piece, i.c. be-
tween the latter and the cover of the machine. The result would
be that the distance between the .cutting roller and the cover,
which is already greater due to the insertion of the second
recorder, would have to be further increased by the height
of the magnet. The point of application of the cutting force
which acts obliquely on the axle of the cutting roller wonld
thereby lie too far away from the hearings of this axle. A solu-
tion was found here by setting the magnet on the pole piece
at the side, whereby the course of the lines of force remains
practically the same in pole pieces and armature. It is true
that the magnet is hereby placed in a position where the space
is very much limited by the guiding rollers for the film and
by other parts; by using the newest type of magnet steel,
however, the dimensions of the magnet, compared with those
of the former construction, could be reduced so that no dif-
ficulty was experienced.

The final construction used in our experiments
is shown in the photographs of fig. 8 and 9.

In order if desired to be able to play off the stereo-
phonic film on an ordinary machine, another condi-
tion must be satisfied: the total width of the two
sound tracks must not be greater than 2 mm. To
achieve this purpose each recorder in the arrange-
ment described was provided with a cutter which
has the form of half a wedge, see fig. 10. The
double track obtained in this way, an example
of which is reproduced in fig. 11, corresponds entirely
to a track recorded in the normal way except for a
narrow black stripe along the centre and the essen-
tial time and intensity diffcrences of the two
halves ).

Certain precautions had to be taken for the
precise adjustment of the cutters. Both cutters
must have the same cutting depth in order to ob-
tain the same depth of modulation in the two halves

8) In playing on an ordinary machine the two sound contri-
butions are as it were “mixed” in the optical scanning
system, which practically comes down to the same thing
as the usual mixing of the contributions of different micro-
phones by an electrical method.
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Fig. 8. The lower sound recorder G, ready for use. The upper
sound recorder G, lies at the side. B,. B, are the cutters, S the
cutting roller; F the “Philimil” film whose path from the roll 4
to the roll O is indicated by arrows; E the axis which bears
the two recorders; Z mouthpiece and tube of a suction ar-
rangement for removing the shaving cut from the film: M,
magnet, () rotating ring with excentrie bore for the axis JF.

of the double track. The cutting depth is regulated
separately for each recorder by screwing out the
pin D visible in figs. 6 and 9 more or less with a
micrometer screw C. At the beginning or end of
the recording both cutters are set on the film or
taken off it simultaneously by means of a cam
which pushes the two pins D away at the same
moment and thereby turns the recorders about the
common axis E; see fig. 9.

A second adjustment relates to the relative dis-
tance between the cutters in the direction of
length of the film. We have stated above that this
distance may amount to a maximum of 1 or 2 mm
for the playing of the resulting film on an ordinary
machine (without stereophonic effect). For playing
with stereophonic effect, where the two sound
tracks are reproduced separately, the restriction
in this respect is very much greater. A time dif-
ference between the two sound contributions of

e d d
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Fig. 10. For cutting the two sound tracks two sapphire cutters
are used (b), which are half wedge-shaped, in contrast to the
complete wedge-shape of the ordinary cutter (a). The width
d of each cutter remains the same in order to be able to clamp
the cutter sufficiently firmly to the armature of the sound
cutter. The angle of the wedge is actually much more obtuse
that here shown (87°).
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Fig. 9. Like fig. 8 with the upper sound recorder in position.
With the cam N (excentric drum) both the recorders are turned
about the axis E at the same time against the springs V so
that the cutters begin to work.

only 2 X 107 sec is already observed as a displace-
ment of the sound image *). This time difference
corresponds to a difference in position on the film
of v X 2 X 107 = 0.06 mm. (From this the above-
mentioned‘-tolerance for the stretch is also derived).

37867

Fig. 11. Section of a stereophonic sound film recorded by
the method described. The two sound tracks in which the
two sound contributions are recorded are separated by a
narrow black stripe. The differences may be seen in intensity
and time of the two vibration forms whereby the stereophonic
effect is obtained. The intensity differences are greatest for_the
high frequencies: the latter are much stronger in the upper
track than in the lower.

In order to be able to adjust the position of the
cutters with such precision the shaft E in one re-
corder is excentrically borne by a rotating ring Q,
see fig. 8. By a slight rotation of the ring with the
help of the screws visible in fig. 9, the recorder with
cutter and all is displaced slightly in the direction
of length of the film; the adjustment can be carried
out by this means with a precision of less than

0.02 mm 7). ‘

7} This method corresponds to that which was formerly used
in this laboratory for placing the holes in the Nipkow
disc. See H. Rinia and L. Leblans, Philips techn. Rev.
4, 42, 1939, especially page 47.
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For stereophonic reproduction the film may
be illuminated in the ordinary way through a
narrow slit, while the light transmitted by each

Fig. 12. Arrangement for the reproduction of stercophonic
film, With the light source L and the lens O, the film F (which
is drawn toward the observer perpendicularly to the plane of
the drawing) is illuminated, while the lens O, projects a seven-
fold enlarged image F’ of the film on the slit D. Half of the
beam transmitted through this slit, corresponding to onc of
the two sound tracks, is directed to the photocell C, with the
help of the mirror S, while the other half of the beam is re-
ceived by the photocell C;. The alternating currents given by
the two photocells are amplified separately and fed to two
loud speakers.

half of the double track must be received in a sepa-
rate photocell. This splitting of the transmitted
beam, which may be accomplished very easily
with the help of a mirror placed in front of one
half of the slit, would here, due to the narrowness
of the beam (2 mm), lead to a very fine and delicate
construction. The following method has therefore
been chosen. With the help of an objective a
sevenfold enlarged image of the film is projected
on a slit. Half of this image is deflected by a
mirror. The arrangement may be seen in figs. 12
and 13.

In conclusion we wish to point out that the or-
dinary “Philimil” film is wide enough (7 mm) to
contain, beside the normal or double track of 2 mm,
still another sound track. This possibility may be
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of importance when, as is at present often the case
in the cinema, it is desired to record and reproduce
the low and high tones separately. As has already
been mentioned 3) the low tones (below 300 ¢/s)
contribute little or nothing to the stereophonic
effect. The corresponding sound track therefore
need only be a single one, and the position of points
on this track with respect to corresponding points
on the other (double) track need to be carefully
determined. The simple method outlined in the
beginning, of recording at differents spots, might
therefore be used here, since it would in any case
be difficult to record three tracks at the same spot
side by side. Ths extension of the method can,
however, only come under consideration when
the requirement that stereophonic films must be
able 1o be played on “ordinary” machines will
have been outgrown.

Fig. 13. Photograph of the arrangement for playing stereo-
phonic film. Letters have the same significance as in fig. 12.
The cover I of the photocell C, has been removed.

SWITCHBOARD WIRE FOR TELEPHONE INSTALLATIONS

by H. FEINER and J. HOEKSTRA.

621.315.616

Switchboard wire for telephone installations is usually insulated with textiles which are

provided with an impregnation or a layer of lacquer for protection. In this article the im-

provement in the insulation is discussed which could be attained by a special choice of

raw materials. Especial attention is paid to chlor-rubber lacquer which combines excellent

dielectric properties with the advantage of being non-combustible. In conclusion, the
technical use of switchboard wire is discussed.

The technical installations in modern telephone
exchanges and repeater stations are built up of
bays which contain numerous connections and are
connected to each other and to the cores of the
telephone cable (cable distributor bay).

Requirements are made of these connections,
which almost always consist of pairs, which in
general correspond to the requirements made of
telephone cables. In the first place there is the re-
quirement of adequate insulation. Furthermore,
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For stereophonic reproduction the film may
be illuminated in the ordinary way through a
narrow slit, while the light transmitted by each

Fig. 12. Arrangement for the reproduction of stercophonic
film, With the light source L and the lens O, the film F (which
is drawn toward the observer perpendicularly to the plane of
the drawing) is illuminated, while the lens O, projects a seven-
fold enlarged image F’ of the film on the slit D. Half of the
beam transmitted through this slit, corresponding to onc of
the two sound tracks, is directed to the photocell C, with the
help of the mirror S, while the other half of the beam is re-
ceived by the photocell C;. The alternating currents given by
the two photocells are amplified separately and fed to two
loud speakers.

half of the double track must be received in a sepa-
rate photocell. This splitting of the transmitted
beam, which may be accomplished very easily
with the help of a mirror placed in front of one
half of the slit, would here, due to the narrowness
of the beam (2 mm), lead to a very fine and delicate
construction. The following method has therefore
been chosen. With the help of an objective a
sevenfold enlarged image of the film is projected
on a slit. Half of this image is deflected by a
mirror. The arrangement may be seen in figs. 12
and 13.

In conclusion we wish to point out that the or-
dinary “Philimil” film is wide enough (7 mm) to
contain, beside the normal or double track of 2 mm,
still another sound track. This possibility may be
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of importance when, as is at present often the case
in the cinema, it is desired to record and reproduce
the low and high tones separately. As has already
been mentioned 3) the low tones (below 300 ¢/s)
contribute little or nothing to the stereophonic
effect. The corresponding sound track therefore
need only be a single one, and the position of points
on this track with respect to corresponding points
on the other (double) track need to be carefully
determined. The simple method outlined in the
beginning, of recording at differents spots, might
therefore be used here, since it would in any case
be difficult to record three tracks at the same spot
side by side. Ths extension of the method can,
however, only come under consideration when
the requirement that stereophonic films must be
able 1o be played on “ordinary” machines will
have been outgrown.

Fig. 13. Photograph of the arrangement for playing stereo-
phonic film. Letters have the same significance as in fig. 12.
The cover I of the photocell C, has been removed.

SWITCHBOARD WIRE FOR TELEPHONE INSTALLATIONS

by H. FEINER and J. HOEKSTRA.

621.315.616

Switchboard wire for telephone installations is usually insulated with textiles which are

provided with an impregnation or a layer of lacquer for protection. In this article the im-

provement in the insulation is discussed which could be attained by a special choice of

raw materials. Especial attention is paid to chlor-rubber lacquer which combines excellent

dielectric properties with the advantage of being non-combustible. In conclusion, the
technical use of switchboard wire is discussed.

The technical installations in modern telephone
exchanges and repeater stations are built up of
bays which contain numerous connections and are
connected to each other and to the cores of the
telephone cable (cable distributor bay).

Requirements are made of these connections,
which almost always consist of pairs, which in
general correspond to the requirements made of
telephone cables. In the first place there is the re-
quirement of adequate insulation. Furthermore,
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both in the case of switchboard wire and in that
of a telephone cable, a compromise must be sought
between the total cross section of the insulated
double wire and the capacity per unit length. The
thinner the layer of insulation, the smaller the cross
section and the higher the capacity. With telephone
cables many kilometres in length the capacity
between the wires with A.C. voltage amounts in a
certain sense to a shunt for the apparatus connected,
which, even for the relatively low frequencies of
speech, may lead to considerable voltage losses.
In order to keep these losses as low as possible an
upper limit of about 30 pF/m is prescribed for this
capacity. In the case of the telephone switchboard
wires which have a maximuam length per connection
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of 20 to 30 metres, a capacity of 100 tot 130 pF/m
can be allowed. The fact that a decrease in the cross
sections can hereby be obtained is a great advantage
in connection with economical assembly in the bays,
where within a relatively small space a very large
number of connections must be carried out.

This accumulation of connecting wires forms an
extremely complicated whole during the assembly
(fig. 1), and one is therefore compelled to mark
the wires. The usual method of doing this is to give
the wires different striking colours or colour com-
binations. It is therefore not by chance that a
bunch of telephone wires always presents such a
pleasant appearance, aesthetics is here the daughter
of technology.

Fig. 1. Above: the wires of a telephone bay are laid out on an assembly table and bundled.
Below: the result obtained. In the photograph, which does not show the colours, the sort-
ing out of the wires would appear to be hopeless.
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The requirement must therefore be made of the
layer of insulation that it can be prepared in dif-
ferent colours. In order that the colours shall not
become dimmed after some time by dust and dirt
it is also very desirable that the surface should be
smooth.

Finally it has hecome more and more desirable
lately that telephone switchboard wire should
not be inflammable, at least that it should not burn
further when it has once been ignited. This require-
ment should be strictly enforced for the sake of
uninterrupted telephone service, since it has al-
ready been demonstrated more than once what an
enormous disturbance can be caused in telephone
communication by a fire, which is in itself not
serious, but which attacks the bunches of switch-
board wire.

Summarizing we may therefore formulate the
following requirements for the insulation of a
telephone switchboard wire:

1) high specific resistance,

2) low -dielectric constant,

3) smooth surface with bright colours,
4) non-inflammability.

When the wire is used in installations for carrier-
wave telephony, in which alternating currents of
much higher frequency occur than in normal low-
frequency telephony, the value of the capacity
is of much more importance, while moreover at-
tention must also be paid to the dielectric losses
of the insulation material. The ordinary insulation
materials used for telephone switchboard wire
cannot therefore be used for wiring carrier-wave
systems. In this article we shall first discuss the
construction of the insulationi of a mechanically
strong, non-inflammable switchboard wire for low-
frequency telephony, and then show how it has been
possible to improve the dielectric properties of the
layer of insulation to such an extent that a wire
is obtained which is also suitable for carrier-wave
systems.

switchboard wire for low-frequency

Telephone
telephony

The customary insulation of telephone switch-
board wire consists of textiles which are impregnated
in order to obtain a more compact whole. Cotton is
spun or braided around the wire and impregnated
with wax, paraffin, ceresin or a mixture of these
substances. The insulations thus obtained are satis-
factory from an electrical point of view in a dry
atmosphere; the surface, however, is not sufficiently
smooth, and these wires are very inflammable.

The inflammability disappears when insulation
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waxes containing chlorine are used as impregnating
agent (chlorinated naphtaline for example). Upon
heating, these substances develop gases which have
a smothering eflect and prevent the insulation of
the wire from bursting into flame. The waxes con-
taining chlorine have, however, the practical dis-
advantage that when the impregnating agent must
be heated during manufacture very poisonous gases
are developed, while the solid insulation waxes may
sometimes also have toxic effects through the skin.
This objection has been successfully met by using
chlor-rubber Chlor-
rubber is one of the so-called high polymers, which

instead of chlorine waxes.
are organic compounds with very long chain mole-
cules and which are too viscous to be used as im-
pregnating agents by themselves. Softeners are,
however, known for such substances, usually li-
quids with low vapour pressures which can be
mixed with the high polymers (or resins) in question
and give them greater elasticity. With a non-
inflammable softener chor-rubber gives a very
fire-resistant impregnating agent, which in com-
bination with normal textile can be successfully
used in all cases where the electrical requirements
are not too high. Fig. 2 shows a piece of telephone
switchboard wire prepared in this way.

Fig. 2. Cross connection wire consisting of a tinned copper
core surrounded by a layer of enamel lacquer and a layer of
impregnated cotton.

If a smoother surface is desired than is obtained
in this way, the surfacc of the textile can be covered
with a layer of lacquer. Such a layer of lacquer is
found to protect the textile insulation just as well
as impregnation, so that impregnation is unne-
cessary. At the same time the dielectric constant is
lowered. The usual lacquers for this purpose, which
do not, however, satisfy the requirement of non-
inflammability, have cellulose derivatives as bases,
usually cellulose acetate, a substance which is also
uséd for making artificial silk (acetate silk). The
lacquered wire is becoming more and more popular
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since it is better than the impregnated wire in all
the properties mentioned until now.
The influence of moisture -

One general disadvantage of the insulation agents

described is that the protection against the influence -

of moisture is only temporary. This is true for both
the impregnated and the laquered wire. It is found
that the absorption of moisture by- the textile is
slowed up by covering it with a layer of lacquer,
but that it is quant1tat1vely scarcely diminished
_at all. Protection against the influence of moisture
is thus only obtained when this influence is of short
duration. Even when materials having a hydro-
carbon character are used for impregnation or lac-
quering, which materials are particularly impene-

trable for water, after several days, the textile fibre

nevertheless reaches an equilibrium with the mois-
ture content of the surrounding atmosphere. Be-
cause of this, for example, with dry cotton in an
atmosphere with a relative humidity of 90 per cent,
which is quité common near the sea, the dielectric
constant may increase by a factor 1.5; the dielec-
tric phase displacement by a factor 5 and the
conductivity by a factor 106.

It is chiefly the great increase in the dielectric
losses in moist air which makes the types of wire
discussed unsuitable for carrier systems. In the
case of low-frequency telephony- on the other hand,

only the increase in conduct1v1ty is disturbing. This

is’ manifested with a D.C. voltage by corrosion
'phenomena in the first place. The copper core is
electrolytically attacked by the moisture so’ that
ions enter the moisture and thus spoil the insulating
property This process has been completely sup-
pressed by providing the switchboard wires with
a layer of enamel laquer under the textile. As has
~been explained in a previous article in this penod-
_ical?) such a ldyer is practically insensitive to mois-
- ture as far as its insulation capacity is concerned.

The increase in the conductivity due to the action.

" of atmospheric moisture is thus practically elim-
inated. The influence of the moisture on the di-
electric properties of course remains.

In the development of a.switchboard wire for o

carrier systems the combatting of the influence of
moisture forms the chief problem 2). In addition

v1) J. Hoekstra, Properties and applications of enamelled
’ wire; Philips techn. Rev. 3, 39, 1938, .

2) This problem is particularly important where carrier °

telephony must be applied in tropical or. subtropical coun-
tries, where the air is often very moist. Carrier telephony
may offer an economically advantageous possibility of
fulfilling a function which is often necessary in such coun-

. tries: that of connectmg two communities between which

.

S
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there is also the problem of making the lecquered
wire non-inflammable as has been done for the im-

. pregnated wire. .

Switchboard wire for carrier systems

In the development of the switchboard wire for
carrier systems the composition of the insulation

- just described is retained in principle: a tinned 3) ..

copper wire is covered with a layer of enamel
around which is textile and then a layer of lacquer.’
By suitable choice of textile and lacquer the sen-
sitivity to moisture of the wire is reduced as much
as possible and the wire made non-inflammable.
As for textile, cotton (cellulose) ‘and viscose
(cellulose hydrate) are much too hygroscopic; real
silk and various kinds ‘of acetate silk 4) may,
however, beé used. Real silk was rapidly superseded
since it is several times as expensive as a good
acetate silk (diacetate silk) which is just as good
as real silk from an electrical point of view (mechan-
ically real silk is better). Triacetate silk is even
better than real silk electrically, and its price is

“about the same. - :

In order to give some - idea of the electrical proper-
ties of kinds of textiles the variation of the insu-
lation resistance, the dielectric constant and the
dielectric phase displacement as functions of ‘the.
relative humidity of the air are given for a number
of textiles in figs. 3,4 and 5 ). The difference between
cotton and artificial silk is particularly large at

‘ alarge number of conversations must be conducted 51mul-
taneously, and whose distance apart is so great that the
extra expense of a cable with many cores would be greater
than the extra expense of a carrier-wave apparatus.

3) The copper wire is tinned in order to facilitate soldering.
As to the mechanical properties of the enamel layer, an
untinned wire would be better, since the enamel adheres
less well to tin than to copper. Nevertheless, the tinned
and then enamelled wire can be wound around a mandril
equal to twice the diameter of the wire without the occur-
rence ‘of cracks in the enamel layer.. '

4) Cellulose acetate or acetyl cellulose is a compound of cel-
lulose with one or more molecules of acetic acid per glucose
residue with the splitting off of a molecule of H,0, The cel-
lulose molecule consists of a large number of glucose mole-
cules coupled together; each glucose molecule contains
three hydroxyl groups (OH-groups) which give the cellulose
a very hygroscopic character. The greater the number of
these groups which are esterified, the less hygroscopic the
product, The decrease in hygroscopocity means at the same
time a decrease in the influence of atmospheric moisture
on the dielectric properties. Therefore triacetyl cellulose
is better than diacetyl-cellolose. The former, which no -
longer contains any unsaturated OH-groups, is, however,
difficult to work: due to the lack of hydrophilic hydroxyl

“ groups cellulose triacetate is insoluble in technically useful
solvents, and therefore unsuitable for spmmn At the
present time methods are known of doing so in’spite of this
fact; the triacetate silk so obtained is, however, consider-
ahly more expensive than diacetate silk. -

. 5) The measurements were carried out on wires which had two

layers of textile spun avound them. The results are of only
relative value since they depend on the spmmng techmque :
used. : .
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wire as a porous mass exhibits satisfactory dielectric
properties, the same material in a compact form
as a layer of lacquer is much Tess satisfactory. In
the latter case the’ dielectric constant is much

- higher and the dielectric losses, which are charac- - ,

teristic of the material, are much more disturbing.
Trlacetyl cellulose cannot be used instead of dia-
cetyl cellulose because the former is insoluble: in
techmcally useful solvents, and therefore unsuitable
for a lacquer Other cellulose derivatives, however,
can be used, such as ethyl cellulose and other cel-
lulose esters, as well as nitro-cellulose®) and certain
cellulose tri-esters. Some of these substances ac-

‘tually offer greater resistance to moisture than does ,

" acetyl cellulose. The improvement obtamed is not,

Fig. 3. Insulation resistance of different kinds of textiles as'a |

* function of the relative humidity of the air to which the wires
were exposed for 48 hours at 25 °C. I cotton, 2 diacetate silk,

* 3 triacetate silk. It is found that the insulation values in the

" dry state are not very different, but that at high relative
: humldltles cotton is the poorest and trincetate silk the best.

«

higher degrees of humidity. Triacetate silk is ap-
preciably better than diacetate silk, but the dif-
ference in quality is not enough to make up for the
much higher price of triacetate silk in all cases.
Therefore diacetate silk will generally be used, and
. triacetate silk only when very strict requirements
are made about the insensitivity to moisture.

~ As stated above acetyl cellulose can also be used
_for the lacquer laycr. However, while the artificial
silk made of acetyl cellulose which lies around the
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Fig. 4 Dielectric phase displacement at 1 5 X 10° ¢/s*(wave-
length 200 m) for different kinds of textiles as a function of
the relative humldlty of the air. I cotton, 2 dlacetate sﬂk 3
tridcetate - 511k
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Fig. 5. Dielectric constant of cotton (1), diacetaté silk (2)
and triacetate silk (3) as a functlon of the relatlve humldlty

Besides the cellulose products there is still a large
number of other laquer substances. _These substances, :
several of which are mentioned in the artlcle re- .
ferred to above on énamel-laquer wires, are also
artificial or natural high polymers, to which resins
are sometimes added to increase the hardness, and
more often softeners to increase the elasticity. With
a suitable choice from among these substances
lacquers can be obtained which are more resistant
to moisture than the cellulose derivatives and
which also possess good mechamcal and electncal
properties. ‘ .

We have attempted to combine the possibilities -
of the high polymers and resins with the require- -
ment of non-inﬂenimability, and have carried out.
experiments with chlor-rubber which has already
been mentioned as an impregnating agent. It was
found that from chlor-rubber in combination with
a suitable softener a lacquer can be prepared which

 is far superior to the other, lacquer substances men-
tioned in the foregoing, not only in respect to its

non- mﬂammablhty, but also in respect to its di-
electric propertiés. It has the highest insulation

%) This'is, hoWever; not very stable ‘and very inflammable, -
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+ Fig. 6. Insulation resistance of dlﬂ'erent kinds of lacquer as a
functlon of the relative humidity.
I chlor-rubber lacquer
II ethyl cellulose lacquer
- IIT acetyl cellulose lacquer
IV nitrocellulose lacquer.
It may be seen that chlor-rubber has by far the highest in-

sulation resistance; acetyl cellulose has the smallest insulation .

resistance,.and at the same time it decreases most rapldly with
. 'the relatlve huml(hty :

re51stance, the lowest dielectric constant and. the

“lowest dielectric losses. Moreover, the’ change in its

propertles upon a-variation in thc moisture content

between 0 and 100 per cent is almost mappreclable

In ﬁgs 6, 7 and 8 the dielectric propertlcs of a num-
_ ber of lacquer substances are glven, the supenonty
' of chlor-rubber is Very obvious.

" As to. mechamcal propertles, chlor-rubber is
somewhat less favourable than the other lacquers
customanly used in  insulation techmque It has

w'_been found that this can be remédied by covering
the chlor-rubber layer with some kind of cellulose
lacquer
_weakest on the outs1de, the’ dielectric properties of
the whole combmatlon are made only slightly
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Fig. 7.. Dielectric’ phase displacement at 1.5 X 10% ¢fs

(200 m) for different kinds of lacquer as a function of the

relative humidity. The. Roman numerals have the .same sig-

nificance as in fig. 6. Chlor-rubber agam exhibits the most
* favourable behaviour, :

Eray

Smce the electrlcal field - strengths are

Voﬁ 6, No. 3
poorer. In this way a product is obtained which
satisfies high requirements electrically as well as
mechanically, and which is insensitive to moisture
and non-inflammable. '

The manufacture of switchhoard wire for carrier

gystems

The switchboard wire descrlbed consists” of a
tinned copper core, surrounded by four layers of
insulation: a layer of enamel, a layer of acetate
silk, a layer of chlor-rubber lacquer and a layer of
cellulose lacquer. The manufacture of this wire is
briefly as follows

10—
o1

HiEyls

.20 4 60 . & 00% -
- ! : ;o F7970

Tlg 8.. D1e1ectr1c constant at 1.5 X 108 c/s for different

kinds of lacquer. The numerals have the same significances

as in ﬁgs 6 and 7. Chlor—rubber is again the most favourahle

‘Tinned copper cores, usually of-0.6 or 0.8 mm .
diameter are heavily enamelled. The tinning of
these cores demands particular care since the tin

X layer is heated above its melting point when the wire

is enamelled, and therefore every point where there
is an excess of tin leads to disturbing irregularities K
in the enamel layer. The thickness of the enamel
layer is about 0.06 mm, i.e. about 1.5 times the
usual thickness. The number of spots where defects.
in the insulation occur is considerably reduced by
this increase in the thickness. If, for example, the
number of spots is investigated at which the wire
gives a breakdown at 120 volts when- it is drawn -
through a vessel of mercury, a reduction from 1 per
5 m to 1 per 60 m is found."

" The artificial silk is now. wound around thlS !

- enamelled core, in four layers for instance. The

silk is laid on in loosely twisted strands and in the
successive layers it is wound alternately to the left -
and to the right. The outer layer may to ‘advantage
consist of real silk' since that is mechanically
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stronger. This outer layer of textile is made in one
or more colours. Over this come the layers of lac-
quer. These layers, chlor-rubber and over that
cellulose lacquer are deposited separately in several
extremely thin layers in order to save time in
drying, since the sum of the drying times of for
instance 10 thin layers is considerably less than that
of one layer 10 times as thick. Moreover, such a
thick layer of lacquer would not possess the smooth
surface which is desired for these wires.

Until now we have spoken only of the manufac-
ture of a single wire. If we now pass on to the manu-
facture of pairs and the combination of a number
of pairs to a cable such as is used in the connections
between two bays, quite different problems of con-
struction are encountered. These arise mainly
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from the requirement that an A.C. voltage acting
on a pair may not be transmitted to another pair
by capacitative or inductive action. Such couplings
give rise to cross talk, i.e. the phenomenon in which
when an A.C. voltage is applied to one pair at the
beginning of the cable a part of that voltage is de-
tected on other pairs as well at the end of the cable.
In order to combat these couplings the different
pairs are twisted together at a certain pitch before
they are twisted in concentric layers into a compact
cable. The direction of twisting for the successive
layers of the cable, like the pitch of the pairs, is
chosen as favourable as possible in connection with
the combatting of capacitative and inductive in-
fluences, and the pitch of adjacent pairs is different.

When very heavy requirements must be made as

copper core,
tinned surface,
enamel layer,
diacetate silk,
coloured real silk,
chlor-rubber lacquer,
cellulose lacquer,

9 film layer,
10 braided

NN VA W~

8 braided layer of artificial silk,

covering
copper wire,

11 braided layer of cotton impreg-
nated to be non-inflammable,

b) 37964

Fig. 9. Cables with shielded and non-shielded pairs. Below, a diagrammatic cross section; a of a shielded pair, b of a cable
with seven shielded pairs.

I braided cotton,
II film layer,
IIT layer of spun cotton,
IV braided tinned copper wire,
V braided cotton impregnated
to be non-inflammable.

of tinned
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Fig. 10. The bundles of wires of a telephone installation are
mounted in the bay.
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to the absence of mutual couplings, shielded cables
can be used. In the construction of these cables as
here described each pair is surrounded by braided
tinned copper wire. In fig. 9 the construction of a
shielded and a non-shielded pair may be seen;
the text below the figure gives the details. Finally
in table I a survey is given of the most important
technical properties of these cables.

Table I

Properties of shielded and non-shielded cables manufactured
by Philips, after tropics test?).

non-shielded shielded
Property pairs pairs
(0.6 mm o) (0.8 mm @)
V(;;;rmkmg EAppdry) max. 100 max. 130
P
*
:/(;ss factor*) tan d at 1 800 tad < 0.1 tgd < 0.1
Loss factor*) tan & at 1 800 |
c’s before tropics test I Ee-Sas . gV = Ui
Insulation resistance in MQ I
at 500 V D.C. voltage for a >10% >104

cable of 10 m**) |
1

2000 V, 50 ¢/s, 2 Min.

Test voltage*™)

110 dB

Cross talk damping for >90 dB |y =
a cable of 10 m R=600 Q ‘ R=150 Q
length***) | f=4000c¢/s S =170000 c/s

*) If desired these values can still be improved by using
triacetyl cellulose instead of diacetyl cellulose.

**) In testing the cable one core is connected to the one
electrode, all the other cores and the shielding, when
present, are connected to the other electrode.

##%) The cross talk damping is defined by 20 log E,/E, where
E, is the voltage which occurs at the end of that pair te
whose other end a voliage is applied, and E, the voltage
which is detected at the end of the cable on any other
pair. R is the cut-off resistance of the cross, f the fre-
quency at which the measurement is carried out.

The way in which the switchboard wire is used
in shown in fig. 1 as well as figs. 10 and 11 which
show the wiring of a bay in a telephone exchange
in three stages of completion. The wiring for the
bays is laid out on an assembly table; the wires are
joined and bound together as far as possible in
bundles. This step was shown in fig. 1.

The finished bundle is now laid in the bay and

7 If not expressly stated otherwise the values are determined
after a tropics test of three days with an atmosphere of
949, relative humidity and daily temperature cycles with
a maximum temperature of 45 °C.
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Fig. 11, Parl of the wiring of the finished bay.

fastened to it, and the panels with the telephone then begins (see fig. 10). In fig. 11 a part of the
relays, etc. are mounted. The bay assembly proper finished bay may be seen.
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INVESTIGATION OF THE STRESSES ON PARTS OF A DIESEL ENGINE WITH
THE 'HELP OF THE CATHODE fRAY OSCILLOGRAPH

» Difficulties - whlch arose Jn the case of an 8-cyl-
inder four-stroke Diesel” englne, *which* gives 600
h.p. at 375 r.p.m., formed the stimulus for the fol-
lowing investigation , of stresses 1). In this éngine

the bolts which fasten the cap’ of the main blocks

- of the crank shaft to the basic metal always broke.

'I‘1g 1. Main blocks of a Dlesel engine. A carbon strip for the'

. “measurenient of the stress has been placed on the bolt whrch

Joms the main blocks with the engme frame.

" In ﬁg 1 whlch shows 'these balts, the cap H of the

‘béarings may be distinguished, the lower half F of

- the bearings, which form one piece with the frame,
.and one of the ‘bolts B whlch hold the two halves
- together.

A poss1ble explanatlon for the breaklng of the

; bolts was that they were too much stretched at the

moment when the .explosion took place in the cyl-

- 1).The data in this article are due to the kindness of Mr.

. M. J. Vigser of the Department’ for Vlbratlon Testmg
R of the NV Werkspoor, Amsterdam o

621. 317 705 620 178 5

3

inder. In order to investigate this, stress measure-
ments were made with the cathode ray oscillograph
according to a method previously described in this

periodical 2). This method is based upon the fact |

that the resistance of a conductor which is obtained
by the deposition of a layer of carbon on a strip of
elastic insulation m'aterial is very much. altered by a
slight stretchmg or’ contraction. A strip of such a
carbon layer conductor is glued to the object to
be examined so that the carbon layer takes part
in any stretching movements. of the base. When an
electric current of constant magnitude is sent
through-‘the ‘resistance a ‘voltage occurs between

.the extremiities .which fluctuates due to the stretch

and contraction of the underlayer. These voltage

‘variatiohs ‘are ‘made "visible .with: a cathode ray

oscillograph. In order to" calibrate the oscillogram
obtained, the strip is previously subjected to a
known stretch by means of a measurmg apparatus

‘shown in fig. 2.

With a four-stroke. engme with 375 r.p.m. the
condition in the cylmder changes perlodlcally at a.

" fundamental frequency of 3.1 c/s. The same fun-

damental frequency may be expected for the
varylng state of stress in the bolts. This is a much
lower frequency than usually occurs in electrical -
phenomena, and most electrical oscillographs are
unsuitable for recording phenomena’ of such low -
frequency without .deformation of the’ osclllogram

The oscillograph . GM 3 156, “which “was designed
especlally for use.in tool-making 3}, is, "however,

able’ to "do thls, and was 1ndeed used for, this in- :

vestlgatlon : 2et : ’

In fig." 1 the main_ detalls of the arrangement may, .
be seen. A number of bolts were provrded with
res1stance strlps in the dlrectlon of the stretch. The
voltage variations occurring were fed, via the os-
clllograph amplifier, to the vertlcal deflection plates

of the cathode ray- tube An A. C Voltage of the

same frequency and - phase as the motion of Jthe -

piston was applled to xthe horlzontal deﬁectlon .

3

plates. - - : S

. The plcture of the variation of the stretch ob-
tained in this way was found, as was expected, to
correspond in the first instance to the pressure

variations in the adjacent cylinders of the engine

as a function of the-time. Two examples are re-’

?) Philips techn. Rev., 5, 26, 1940. .

%) Philips techn. Rev., 5, 277, 1040, "~ . ..%.
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Fig. 2. Arrangement for the calibration of the resistance strips. By means of the setup
shown on the left an accurately known bend is given to an elastic spring, upon which the
resistance strip glued to it undergoes a known stretch. The change in resistance hereby
caused is measured with a bridge connection. The oscillograph apparatus on the right
serves for recording the resistance changes in dynamic stretch measurements with the

help of the calibrated strip.

produced in fig. 3. They refer respectively to a bolt
between two cylinders which move in the same
rhythm and a bolt between two cylinders whose
motion differs 90° in phase. The maximum stretch

196 kg./cm?

37963

Fig. 3. Oscillograms of the tcnsile stresses in the bolts of a
Diesel engine. a) Bolt between two cylinders, which move in
the same rhythm; b) bolt between two cylinders whose motion
differs in phase by 90°.

of the bolts calculated from these diagrams with
the help of the calibration curve could i both
cuses be considered as permissible for the material
used.

From the results of the investigation, therefore,
it was found that the load on the bolts in normal use
could not lead to breakage. It could be concluded
from this that during the time when the difficulties
were encountered the engine must have been ex-
posed to abnormally high loads. Very probably
these loads, which were superposed as extra stresses
on the normal ones, loaded the bolts beyond the
fatigue limit.

The engine was indeed exposed to very large and
sudden changes in load. The result of these shocks
was that the basic metals had obtained a certain
play on the foundation plate. Because of this,
lateral movements could occur upon a too sudden
change in the load on the engine, which probably
caused a large and irregular stress in the bolts. By a
slight change in the construction the lateral motion
of the basic metal could be made impossible. After
that no further breakage of the bolts occurred.




-
~—

1516:

. 1513

PHILIPS TECHNICAL REVIEW

ABSTRACTS OF RECENT SCIENT]FIC PUBLICATIONS OF THE
N. V PHILIPS’ GLOEILAMPENFABRIKEEN

J. H. de Boer: Atomic distances in small

graphite crystals and the nature of the bond

(Rec. Trav. chim. Pays Bas 59, 826-830,
© July-Aug. 1940). '

The decrease in the distance between the carbon

atoms in the atom layers of graphite crystals and
the increase in the distance between these layers

which Hofmann and Wilm found for small graph- "
-ite particles compared with normal graphite, are

an immediate result of the two kinds of binding
forces whlch here play a part. These are the so-
called homopolar bonds and the van de Waals-
London attracting forces. .o

1517%: M. J. Druyve;teyn and F. M. Penning:

Mechanism of electrical discharges in gases

at - low pressure (Rev. Mod. Phys. 12, h

87-174, Apr. 1940).

In this monograph a detailed survey is given of
the phenomena of electrical discharges in gases at

"low. pressures. The following subjects are dealt with:

the distribution of velocity of the electrons; ioniza-

. tion and excitation' with a small electric' current
. through a gas; breakdown voltage and Townsend

discharge (where the space charge plays practically

- no patt); discharges in which the space charge is
essentially important; the 'glow discharge as well
" as the.arc in the neighbourhood of the cathode;

the positive column and finally the phenomena in
the neighbourhood of the anode with different forms
of discharge. - :

}5» mechanism of hearing (Proc. Ned. Akad.
- Wet., Amsterdam 43, 991-999, Oct. 1940).

Contmumg with earlier investigations relating -

to sub_]ectlve sound analy51s and the observation
of a fundal\nental tone which is missing in the

Four1 er analysis of the sound (see 1372 and 1501;

of. also Ph111ps techn Rev 4, 167, 1939) this paper

‘) 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’ Gloellampenfabrleken, Eindhoven = (Holland),
KastanJ elaan. Lo

" J. F. Schouten The residue and the

discusses how the perception of a complex sound
may be supposed to take place in the human ear

.(see also Philips techn. Rev. 5, 286, Oct. 1940).
It appears to be permissible to state that the ear
performs a Fourier analysis of the sound, atleastin |

so far as its resolving power makes that possible. The
earlier investigators were correct when they claimed
that every periodic change in air pressure, at least
within a certain interval of frequencies, will be
observed as a separate tone. If it is desired simply
to determine the components of a sound, it is
correct to study its Fourier spectrum. If it is de-
sired to determine the sound of every separate
component, then one must not consider the fre-
quency of the sourd, but the periodicity of the
wave form of the vibration by which the corre-
sponding receiver is excited by the complex sound.
This periodicity may be considerably lower

" than that cbrresponding to the characteristic

frequency of the excited -receiver. The pitch of
the component is determined by this periodicity
and not by the characteristic frequency.

E.J. W. Verwey: Absolute grootte van
thermodynamische grootheden voor ionen

1519:

in waterige oplossing en van den elec-

trischen potentiaalsprong aan het vrije

oppervlak van water (Absolute magnitude

of ‘thermodynamic quantities for ions in

aqueous solution and of the eleetrical po-

tential jump at the free surface of water)
- Chem. Whl. 37, 530-535, Oct. 1940).

An estimation is given of the absolute magnitude .

of thereciprocal energy (change in the free chemical

energy) upon the solution of monovalent ions in
water. By comparison with the correspondlng

changes in the total free energies which can be cal-

culated on the basis of a publication of O. Klein
and E. Lange, it is found that the -potential
jump at the free surfacé between vacuum and
water amounts to about —0.5 volt. This negative
potential difference means that the water molecules

~-are so arranged that an excess of water molecules

have their positive poles directed toward the out-

51de
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THE MECHANICAL PROPERTIES OF WELDED J OINTS

- L%

by P. C. van der- WILLIGEN (621.791.052

The material deposited from a weldixig rod must as far as possible possess the same me-
chanical properties as the material of which the pieces to be welded consist. The Philips
welding rod type 55 was especially intended for welding the steel St 52; consequently a
tensile strength of at least 52 kg/mm? was required Of the material deposited in the weld.
By a suitable choice of the necessary hardening components the high tensile strength could
be obtained without a detrimental increase of hardness in the weld and without diminishing
the deformability. The high notched bar toughness of the material deposited is very
" striking (17 to 20 kgm/em? for a cross section of the break of 5.x 10 mm?). This is obtained
by a suitable composition of the coating of the welding rod, whereby the nitrogen which
depresses the impact value, is prevented from reaching the deposited material. Thanks
to the great toughness and deformability (plastic reserve) of the deposited material of the
"Philips welding rod 55, very hard types of steel, rich in carbon can also be welded, while
on the other hand due to the calcium content of the coating it is also possible to weld types
of steel of poorer quality contaminated with sulp hur. Even free-cutting steel which is
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very rich in sulphur can be welded w1th these rods thhout the occurrence of por051ty

In arc Welding the joint between two plates is
obtained due to the fact that the heat of the

" arc fuses not only the welding rod serving as elec-

trode but also a surface layer of the plates, and
causes the materials to run together. During this
process, in the fused material, on its surface and

in the transition zone to the parent metal of the’
" plates, all kinds of chemical reactions take place

which may exert a far-reaching effect on the me-
chanical properties of the finished weld. If certain

properties are desired the processes ‘taking place

must. be controlled in' a suitable way. Four main
factors may be indicated which are hereby impor-

tant: the composition of the parent metal, the com-
‘position of the welding rod, the environment in

which the fused material is situated (coatlng of-
the rod) and the rate of cooling. . :
- The first of these factors is not generally under

“control, since the choice of the parent metal will

be determined by other, particularly structural
considerations. - The second and third factors are
the ones which the manufacturer of welding rods

- can vary in order to adapt his product to the re-

‘quirements of the constructor. The fourth factor

» is mainly a question of welding technique.

What are the requirements of the constructor ?
The mechanical propertles of the welded joint must

A

correspond as nearly as possible with those of thé
parent metal. This generalized formulation of ‘the

requirements is by no means obvious. Formerly -

it was as a rule considered sufficient when ‘the

tensile strength of the weld (the material ‘de- .

posited) was the’same as that of the parent metal;

at-present the conclusion has been reackied that the

other mechanical properties also, such as the elon-
gation, notched bar toughness, etc should satisfy
the same requirements.

From the above it follows that the better the

quality of the material to be welded, the higher

the requirements which should be made of the

welding rod. The opposite is, however, also correct
up to a’certain point: it is more difficult to.obtain
a satisfactory weld, the poorer the quality of the

parent metal, i.e. thé more impurities contained .

in it (sulphur, phosphorus, etc.) which are detri-

for "instance cause very unpleasant' phenomena
upon welding, such as the occurrence of porous spots
or cracks in the weld.

A new welding rod has recently been developed

.by Philips (type 55) with the intention of satisfying

different requirements simultaneously. The rod is on

the one hand smtable for weldmg good qualltles ‘

- mental to certain mechanical properties (sometimes . -
to the advantage of others). These impurities may




B of steel (St 52), and th1s in the sense that the materlal h

“deposited from the rod not only has the same high
tensile strength as the steel, but also -among other

properties an unusually high.impact value; on the .

other hand the welding rod is extremely insensitive
to the most dangerous component of the parent
metal, namely sulphur. In the following we shall
discuss these properties more closely and indicate
their relation to the above-mentioned factors under
the control of the manufacturer: the choice of com-
position and coating of the welding rod.

. The tensile strength of the weld :

In the early days of arc weldmg only the ordmary
kinds of ingot steel, for instance St 37 (i.e. a steel
with a minimum tensile strength of 37 kg/mm?) were
welded. Only about 10 years ago the kinds of steel
with a h1gher tensile’ strength among which St 52

is the most 1mportant representative,’ began also -

to be welded electrlcally In Germany several brid-

ges were constructed of welded St 52. The, result i

. was at first d1sappo1ntmg in some. of ; the welded
"girders cracks appeared,’ a phenomenon ‘which had

never been encountered w1th St 37 What was the ‘

cause ? RIS
The difference between the tens11e strength of
.St 37 and St 52 is due to the dlﬁ'erence in the con-.

tents of so- called hardéning elements, carbon’ among .

others. If iron contammg carbon is cooled rapidly,
.from the high temperature necessary for the prep-.
aration of the: steel it.is, very hard, which also

.means that it has'a high tensile strength_and yield ‘

value, since the latter are correlated with each other

~and with ‘the hardness. The greater the speed of
cooling, the greater the hardness, caused by the
‘carbon. ‘ .

The process of hardening is now as it were re-’

peated. during the welding, and this takes place in
different ways at different spots in the weld. The
" hardening is most pronounced in the transition zone
between weld and parent metal, since. here part of

the latter is heated during the welding to just under .

its melting point and then very rapidly cooled, due
to the good heat conduction of the parent metal.
This cooling is cons1derably more rapid than was

the case in the preparation of the material (for in- .

stance 50° per second). The result is an increase

of hardness in the transition zone. This increase in
~ hardness, which depends further upon the percentage
of carbon, and which may often amount to.a factor

2, is_accompanied by a decrease in the deforma-

bility. 'When the welded structure is loaded, there-
fore, any deformation will-have to be. “taken up to a

i
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gatlon may here occur beyond that whlch is per-
missible.

. When it was finally understood that one of the
most important causes of disappointments in the
welding of St.52 was due to this phenomenon, the
remedy was immediately obvious: the carbon used

" to obtain the high ‘tensile strength of the steel

should, at_ least partially,’ be replaced by other
hardening elements whose action upon more rap1d

‘cooling .did not," or not to that, degree, increase.

Manganese, chromium, silicon, copper, etc. may be

‘considered. These elements, if present in too large

quantities, may also have detrimental effects on the
behaviour of the steel, so that it was necessary
to establish maximum percentages, on the basis
of experience; in which the hardening elements

"may be present in the steel St 52. These percent-
: ages ‘are glven in table Il) :

cr
LY
%

< " Table I
Perrmssrhle percentages of different hardemng clements in

St 52 1), and percentages of the same elements in the matenal
deposrted from the Philips weldrng rod 52,

8152 .. Philips 55
carbon 0.209% - 0.079%,
manganese 1.501) 0.90
_silicon 050 ° - 0.30 .
copper . 055 -, 030
phosphorus L 006 ,.° 0.02
“sulphur . 006 . 0.02

*) 0 30% manganese may also be replaced by 0. 40% ‘chro-
mium or 0.20% molybdenum,

These Iconsiderations, which ‘until now have
referred only to the parent metal, are also of im-
portance for the welding rod itself. The iron of the .
welding rod with which we wish to weld St 52 ‘must
of course be prov1ded with hardemng components

"in order to obtain the deslred lngh tenslle strength
(at least 52 kg/mm?). At the same time, however,

in the most rapidly cooling parts of the weld the -
hardness must not be too great, so that the carbon
content must be limited. . v
In the composition of the weldmg rod type 55
part1cular attention has been paid to the permissible .

limits for the proportions of the various hardening

components. The values glven in the second column
of table I indicate ‘that the deposited material of

the rod remains far below the limits prescribed for .

St 52 1tself 2) Nevertheless the tens11e strength is’

L

1) Specrﬁcatrons of the German rallways

_'2) The relativity. high content of copper is favourable for ‘the -
~ greater degree by adJacent parts, so that an elon- . S

. corrosion resistance, of the weld.
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more than sufficient. In order to determine this
a weld is made between two plates of St 52, and
from this a flat test piece is made with the weld
in the middle, see fig. 1. The tensile test gave a
tensile strength of 55—-57 kg/mm?2.

The tensile strength still depends to a certain
degree upon the conditions during welding. In the
test just mentioned the plates of St 52 steel were
welded “horizontally™, i.e. the bead lay horizontal.
In “vertical” welding, beginning at the bottom
and working upwards, the same test gave a some-
what higher value of the tensile strength, namely
59 kg/mm? If a weld is laid in a gutter of fairly
thin sheet, and the weld metal thus obtained is
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notched bar toughness of the Philips rod 55. We
shall discuss this in the following.

The notched bar toughness of the weld

While the values of the tensile strength and yield
value indicate only the maximum, or a point of
the stress-strain diagram of special importance
to the constructor, the value of the notched bar
toughness gives a sort of integral over such a dia-
gram, namely the total work which must be done
by the deforming force in order to break the test
rod into two pieces. This work is of especial im-
portance for those cases where the deformations are
concentrated at a single point of the piece of work,

Fig. 1. Flat test piece for testing tensile strength made from a weld with the Philips welding
rod 55 between two plates of St 52; the tensile strength of the steel was somewhat high,
namely 60 kg/mm. Due to this the break occurred in the weld itself, as was desired, and
not outside it. The round test pieces are made entirely of fused weld metal. The great
elongation and pronounced constriction of the broken rods is striking.

turned to give round test pieces (fig. 1), lower
values of the tensile strength are found. This is
indeed quite understandable, since in this case the
heat cannot flow away rapidly during the welding,
so that the weld metal cools only slowly and is as
it were annealed. With the Philips welding rod 55
a tensile strength of 48-—-52 kg/mm? was found with
such rods and a yield value of 38—51 kg/mm?2. In
fig. 1 it may also be seen that the weld metal pos-
sesses an unusually great deformability: the elon-
gation at rupture (measured on a length 5 times the
diameter) amounts to 3540 per cent, while a con-
striction of 74—80 per cent occurs. This great elon-
gation and constriction, which offer a guarantee
that the welded structure can be considerably de-
formed due to strains without breaking (so-called

plastic reserve of the construction) are due largely

to the same measures as were taken to increase the

since then the rest of the piece does not as it were
collaborate in taking up the work of deformation.
Such a concentration (local increase of stress) occurs
regularly at more or less sharp notches (this is the
reason for the notching test), at transitions from
this to thick cross section, etc.

In welds also such increases in stress will often
occur, and it is therefore quite justifiable to require
a high notched bar toughness for the deposited weld
metal.

The notched bar toughness of a steel is found to
be influenced to the highest degree by its content
of nitrogen, as fig. 2 shows3). The relation is of

3) Fig. 2 is borrowed from W. Bisehof and W. Piingel, Z.
Westfialische Union Augustus 1939, p. 13. As to its general
shape, the curve agrees with observations of others, for
instance D. Séférian, Diss. Paris, 1935, whose results
have already been discussed by J. Sack in this periodical
(Philips techn. Rev. 2, 129, 1937).
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course not always the same, -the further chemlcal
: comp051t10n also plays- a part. Nevertheless the
general conclusion is certainly correct that with
increasing content of nitrogen the mnotched bar

kgm|
tma3|

10

1 :
010 %
" 38148

o B
Vo e T a

- Fig. 2. Variation of thé: notched bar toughness k as afunction -

of the nitrogen content n in per cent by weight 8).
toughness decreases. Good qualities of steel thus
contain’ only little mtrogen In welding, however,
there is a danger that nitrogen in atomic form will
~be taken up from the air (at the high temperature

of the welding arc the air is for the most part dis- .

, sociated into atomic oxygen and mtrogen) Comi-
batting this is one of the most important functlons

‘ of the coating of the welding rod. In the first”
o - place this coating forms a more ‘or less sealing layer
.. of slag on the fused iron. Furthermore the coating

-large amounts of gases, harmless in themselves, '

which form a protecting atmosphere ‘around the
fused material. Especially organic components, such

as starch; sawdust eté. are used for this purpose.

~ In the case of the rod type 55 a different method .

has been chosen to reinforce the nitrogen resisting
" action of the coating, namely the addition of sub-
_stances -which are able to form a chemical com-

pound with the nitrogen (and also with oxygen).
" Thanks to these measures the percentage of nitrogen
in the deposited weld metal could be reduced to the

very low value of 0.01 per cent. For the sake of

comparison -the nitrogen content of several other
-common kinds of welding rods is glven in table II.
At the same time it may be seen that the expected
strong increase in the. notched bar toughness runs
parallel to the decrease in the nitrogen content;

" in the case of the Philips rod 55 the former amounts

-to 17 to 20 kgm/cm2 on a ‘cross section to be broken
- of 5X10 mm?, and 73 to 26 kgm/cm2 on a cross
section of 2 X 10 mm?2. :

B A A R L
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oo Tablem :
Nitrogen content and notched bar toughness of the deposited
material of different kinds of welding rods. .

Notched bar

£ S Nitrogen toughness

',I‘Ypeko ‘,Weldurga ‘rod ; ‘.f(i)d‘lt%t . a3 ><~10) ,

in kgin/cm
Uncoated ‘rod @ °* . +.0.15 | "1
- Medium thickly coated rod ' - 0.07 4

Thi¢kly coated normal quahty . .

rod 0.035 10
Medium thlckly coated rod ’ )
with partly organic coating 0.0125 11
Thickly coated rod Philips 55 | ~-0.0100 .| - 18

The values of the aotched bar toughness men-
t10ned aré measured on impact test pieces which were
prepared as,shown in fig. 3 from the welded joint.

_ The notch is in this case so far away from the parent
- metal that the latter has no. eﬂ'ect on the result.

The good reproduclblhty ‘of the 1mpact test is

- striking. fig. 4 shows a series of 12 rods with a cross

section of 5X 10 mm? which have been subjected
to the impaét test. Their notched bar toughness or

impact value was found not to ~vary more than from

17 2t010.5 kgm/cm2

,a)(

Fig. 3. The way in whlch the test pleces (b) are made for the
impact test (c) from a weld (a). The depoSIted weld metal is
shaded. -

In giving these values it must also be mentioned
that they are obtained.at room temperature (about

20° C). In contrast to all other properties of materi-

"als of interest to the constructor, the notched bar

toughness is very closely dependent upon the tem-

_ perature, and this dependence is similar for all
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kinds of steel: there is a pronounced minimum at
400—500 °C and a rapid fall at temperatures below
the zero point. The significance of this sharp fall
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of the welding, the notched bar toughness of some
kinds of welding rods is found to decrease enor-
mously, even to !/, the original value, while other

Fig. 4. Series of 12 test pieces made from welds with the Philips welding rod 55 to which
the impact test has been applied. The results are seen to be satisfactorily reproducible. The
pieces are not broken through, but bent down between the supporting blocks by the im-
pact. In order therefore to obtain the correct impact toughness a small (unknown) amount
of work which would be necessary to separate entirely the two halves of the test piece must

still be added.

in notched bar toughness at low temperatures (the
so-called cold brittleness) was formerly often not
sufficiently realized. It has been one of the causes
of various accidents in which welded bridges have
developed cracks during very cold weather %). If
one compares the variation of the notched bar
toughness for the material deposited {rom the weld-
ing rod 55 with the curve for a normal good qual-
ity welding rod, fig. 5, it may be seen that the much
higher value of this toughness has as it were shifted
the curve as a whole to higher values. While in the
case of the ordinary welding rod the notched bar
toughness decreases from 11 kgm/ecm? at 20° to
6 kgm/cm? at —50 °C, in the case of the Philips rod
55 the notched bar toughness at -50° C still has
a value of about 14 kgm/cm2. Only at still lower
temperatures, which, however, do not occur in
inhabited parts of the world, would the notched
bar toughness fall to dangerously low values.

In other respects also besides temperature, the
notched bar toughness is a particularly “sensitive”
property of materials. In the heat treatment to
which welded constructions are sometimes subjected
in order to remove stresses occurring as a result

%) This was the case of the bridge of the Reichsautobahn at
Rudersdorf and the two bridges at Herenthals and Kau-
lille over the Albert Canal.

properties, such as tensile strength and elongation,
exhibit only relatively small changes which are
quite in line with the expectations. Such a great
decrease in the notched bar toughness must be
ascribed mainly to a too large percentage of nitrogen
in the rapidly cooled weld metal 3). The nitrogen
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Fig. 5. Variation of the notched bar toughness k with the tem-

perature, a) for an ordinary good quality welding rod, b) for
the welding rod Philips 55.

®) A number of kinds of welding rods were examined in this
respect by H. G. Geerlings. The results mentioned
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is separated out on the crystal boundaries in the
form of Fe,N upon reheating, and this produced
a more brittle material. In agreement with this
explanation is the fact that this effect is very small
when the welding is done with the Philips rod 55,
where the weld metal contains very little nitrogen.
Even after the so-called normalizing ahnealing (at
920° C) the original high value of the notched bar
toughness is still measured.

The separation of nitrogen mentioned above also
takes place at room temperature, although extreme-
ly slowly. The so-called ageing of the weld metal
must be ascribed to this phenomenon (among
other factors). Since experiments in this direction
would have to extend over a very long period, an
artificial ageing test is usually applied for judging
materials in this respect. By stretching the material
(10 per cent) and then annealing it (*/, hour at
250 °C) a kind of accelerated ageing is obtained.
In the case of the weld metal of the rod 55 this was
found to cause only a slight decrease in the notched
bar toughness, namely from 17.7 to 13.5 kgm/cm?,
while for a normal good quality welding rod a
decrease from 10.4 to 4.5 kgm/cm? was found.

In order to complete the picture of the properties

Fig. 6. A commonly applied method of testing welded joints
is the bending test. A test piece with the weld at its middle is
bent over a mandrel of a given diameter until cracks occur.
The test pieces here shown are 10 mm. thick and made of St 52
welded in a V-weld with the Philips rod 55 and bent over a
mandrel of 30 mm diameter. With a bending angle of 180°
the weld is still intact, even in the test piece in the foreground
which was flattened after being bent.

here were published by him in Laschsymposium 1940-1941,
p. 13. It must be mentioned that the oxygen also plays
a part in the decrease in notched bar toughness, and that
there is almost always 2 to 3 times as much oxygen as
nitrogen in the material fused. Much less, however, is

known about the part played by the oxygen than that of

the nitrogen.
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of the Philips welding rod 55, it may be mentioned
that the fatigue bending strength (load necessary
for breakage after 5x10° alternations) amounts to
26—28 kg/mm?, a value in the neighbourhood of
that for St 52; furthermore that the welds can easily
be forged and that the bending test also gives good
results. Several rods which were subjected to the
latter test are shown in fig. 6, the text beneath the
figure gives further details.

The welding of <difficult” types of steel

While in the above it was assumed that the de-
posited weld metal must be the equal in properties
of the parent metal, cases also exist in which this
requirement is unnecessary, and where nevertheless
difficulties are experienced in welding. If for example
one tries to weld special kinds of steel such as
StC 45 (a very hard steel with a carbon content of
0.45 per cent), StC 60, etc. with an ordinary good
quality welding rod, aftercooling cracks often ap-
pear in the weld. Upon closer consideration this
is not strange. Aside from the great increase in
hardness in the transition zone, which is caused
by the high carbon content of the basic material, the
latter of itself is already so hard and little deform-
able that even upon shrinking during cooling very
high requirements are made of the deformability
of the weld metal. Thanks to the great toughness
and the considerable plastic reserve of the material
deposited by the Philips rod 55, it is also possible
to weld the difficult, very hard steels with this rod.
This is demonstrated by fig. 7, while in figs. 8 and 9
a practical example is reproduced where use has
been made of the possibility mentioned. In the cast
steel head of a heavy press (300 tons pressing force)
a 50 mm thick reinforcing plate of St 37 had to be
welded. In spite of the high carbon content of the
cast steel (0.60 per cent) and the large dimensions
of the parts to be welded, a weld which was free
of cracks could be obtained. In order to limit the
speed of cooling the head of the press was heated
to 125 °C before welding.

Another kind of difficulty which may occur in
welding is the formation of gas bubbles in the tran-
sition zone, usually to be ascribed to impurities
in the layer of the parent metal which becomes
mixed with the fused weld metal. If these gases
are liberated at an unfavourable moment, namely
during the solidification of the material, they can
under certain circumstances no longer escape, or
the fused material can no longer fill up the cavities,
and a porous weld is obtained with cavities and
craters. It is unnecessary to state that this is very
detrimental to the mechanical properties of the
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Fig. 7. Fillet welds on three different kinds of very hard steel. The welds are made with
the Philips rod 55 according to a standardized method of the German railways for
testing for freedom from cracks. Except for a single very small crater crack no cracks
were found in any of the three welds reproduced here.

welded joint, especially because cracks may develop
from the cavities.

It has been found by experience that too large
a content of sulphur in the parent metal must
often be held responsible for this formation of gases
and the resulting porosity ¢). It is known from me-

38142

Fig. 8. Press with 300 tons pressing force during assembly.
In the head of the press a reinforcing plate 50 mm thick has
been welded with the Philips rod 55. The head is of cast steel
(0.60 per cent carbon), the reinforcing plate of St 37.

tallurgy that in the Siemens-Martin process a
removal of sulphur from the iron is obtained by
means of lime in a reducing environment. The
sulphur is then for the most part bound by the
calcium; for which the following reaction may be
accepted:

FeS + CaO -+ C > Fe -+ CaS -+ CO.

Fig. 9. Head of the press of fig. 8 with welded reinforcing plate.

The calcium sulphide formed, in contrast to the
iron sulphide, is entirely taken up in the slag, and
the sulphur content of the steel is thus decreased.
The coating of the Philips rod 55 is also composed
on a lime basis, so that in the fused material, which
1s in intimate contact with the slag, a binding of
any sulphur present in the basic material can take
place. This was well illustrated in a test in which a
steel poor in sulphur and one rich in sulphur (0.03
and 0.23 per cent, respectively) were welded with
the Philips rod 55, while afterwards the slag was
chemically analysed. In the second case the slag
was found to contain 2 to 3 times as much suphur

%) An important example from practice may be found in
L. Reeve, Trans. Inst. Welding 3, 11, 1940. A report is
here given on the case of the bridge near Hasselt (Belgium)
which collapsed several years ago. Photographs of prepa-
rations made from the welded points of this bridge show
gas cavities at spots immediately adjacent to the parent
metal which contained 0.095 and 0.063 per cent of sulphur,
respectively.
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as in the first. The fact that the Philips welding rod
55 is indeed very insensitive to sulphur is clearly
shown by fig. 10 where fillet welds are shown which
were laid on a steel with much sulphur (0.09 per
cent) with the Philips rod 55 and with an ordinary

steel with 0.23 per cent of sulphur (and in addition
0.08 per cent of phosphorus), the right-hand half
of which is welded with an ordinary good quality
welding rod and the left-hand half with the Philips
55. The latter half is absolutely tight, and, as shown

i
)

Fig. 11. Fillet weld in free-cutting steel (0.23 per cent sulphur, 0.08 per cent phosphorus).
The right-hand half is welded with an ordinary good quality welding rod (quite porous
weld), the left-hand half with the Philips rod 55 (tight weld).

good welding rod, which was, however, sensitive
to sulphur. The difference is even more pronounced
when one attempts to weld free-cutting steel. This
steel contains very much sulphur in the form of
FeS, to which its easy machinability is due, and
which makes it suitable for machining in automatic
lathes, etc. Fig. 11 shows a fillet weld in free-cutting

by stretching and bending test, mechanically quite
satisfactory, while the weld obtained with an or-
dinary rod is quite porous and mechanically use-
less. It is therefore possible to state without exag-
geration that with the Philips welding rod 55 types
of steel can be welded which have been charac-
terized as unweldable up to the present.

R T

Fig. 10. A fillet weld made with an ordinary good quality welding rod on St 37 with normal
sulphur content (0.03 per cent). B fillet weld with the same rod on steel rich in sulphur
(0.09 per cent); holes may clearly be seen in the weld which has a “burned” appearance (so-
called pock-marked). C fillet weld on the same steel rich in sulphur made with the Philips

rod 55; the weld is quite sound.
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INCANDESCENT FILAMENT LAMPS FOR SERIES-CONNECTION

by N. A. HALBERTSMA and J. A. M. van LIEMPT.

621.316.062.2 : 621.326

Although it is at present customary to connect electrical apparatus in multiple to the
supply main, series connection of lamps may offer advantages, under certain circum-
stances. In order to avoid extinction of the whole installation when one lamp becomes
defective special measures are taken which are described in this article.

Introduction

The

the lamps in a system of illumination over the

advantages of multiple connection of
series connection which was formerly often used,
consist chiefly in the fact that the lamps are
independent of each other. This is usually con-
sidered to be of such great importance that in
designing illumination systems no other possibility
is as a rule considered. By way of exception,
however, connection in series is also sometimes
used, in spite of the fact that the possibility of
switching on any desired number of lamps and the
free choice of the size of the lamps must be sacrificed.

The use of series-conmection is justified when:

1) the available voltage is too high for the lamps
to be used, and
2) the simplification obtained is important.

All cases in which connection in series is used,
as the lighting of trams and trains, illumination
and Christmas tree lighting and, to a limited extent,
street and highway lighting, can always be classi-
fied in one of these two groups.

The available voltage is too high for the lamps to
be used.

In the case of A.C. installations the voltage can be
lowered to any desired value in a simple manner
with the help of a transformer. In the case of D.C.
installations, however, the voltage is fixed. It is
for this reason that the connection of electric lamps
in series is usually used for the lighting of trams
and trains. The D.C. voltage on the trolley wire is
usually 500 to 600 volts; the highest voltage for
which electric lamps are made is 260 volts. As a
rule with a voltage of 600 volts 5 lamps of 120 volts
are connected in series; sometimes a larger number
of lamps of a lower voltage are preferred. If the
traction voltage is 1500 volts and higher it is advis-
able not to introduce this voltage in parts of the
coaches, where is would be accessible to the public.
It is better to use a converter to supply current to
a distribution system for lighting and other pur-
poses, and then ordinary multiple connection can
be used.

Fig. 1. Illumination and Christmas tree lamps, both for 14 volts, 3 c.p-
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. The ordinary mains voltages of 230 volts and

115 volts may also in certain cases be too high
for the lamps which must be used. The smallest

ordinary electric lamp for 230 volts and 115 volts.

" has a light flux of 15 dlm, and a’ consump-
tion of about 15 watts. Lamps with smaller wattage,
such as those for illuminations and Christmas trees,
must be made for a lower voltage because of the
limit imposed by the thickness of the wire. A volt-
age of 14 volts with a light intensity of 3 c.p. is
the most common. With a consumption of 3.75
watts these lamps have a current of 0.27 A. The
filament is short and stout, the lamp which is
small ( fig. I} may be provided with a small-sized
screw cap. The lamp holder is thus also small,
which is important since the lamps are used for
decoration. On 220 volt mains 16 such lamps can be
connécted in series, and on mains of lower voltage
a correspondingly smaller number. »

.

The simplification of the installation

" In connection in series there is only one conductor
which passes from socket to socket, while in multiple
connection two Wires must branch off to every
lamp socket. This makes the installation so much
simpler that in certain cases series-connection will
be preferred The illumination of a Christmas tree
is effected more rapidly ‘with a single thin flex
than with the thicker double flex which must be
used for multiple connection.

The simplification of ‘the mstallatlon is also
important _in the mstallatlon of street lighting
systems w1th series- lamps as is often found in

the United States. For new mstallatlons, however,’

in the Umted States preference is usually given

" to connection in parallel In Europe ‘the connection

in series for street hghtmg Kas only been used on a
‘large scale i m Ttaly. o

- When a’ very long traJect must be ﬂlummated
‘with light sources of sma]l power and considerable
_ spacing, the connection in series may offer advan-
tages with respect to the cost of installation. Along

both sides of the Amsterdam 1J mmden Canal -
for 15 m]les there is a’ series mstallatlon with -

lamps of 65 watts spaced at 900 ft

Disadvantages of senes-connectlon in practlce '

In addition to’ “the ob_]ectlon already ‘mentioned -
- that with connectlon series it 'is 1mp0551ble to

; " change at- w1ll the number of lamps bummg, there
is the further dlsadvantage that if one_of the lamps
" becomes defectlve the “Wwhole series is extmgmshed

In a tramcar, for example, this would be very

inconvenient, since one. is then compelled to hunt
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for the burnt out lamp in the dark in order to

replace it. The lamp which has failed is, however, -
indistinguishable from the others, and the hunt for

. the defective lamp has long been an unpleasant

aspect of the use of series-connection of electric .
lamps ‘
For this reason devices have been apphed’
partlcularly for street lighting, for the automatic
short-circuiting of a defective lamp. Two aims are
hereby achieved, namely ‘

1) that all the lamps of the series except the defec-
" tive one continue to burn, and :
2) that the defective lamp can easily be found
~ since it is the only one extinguished.

In order to maintain the amperage entirely
unchanged; the burnt-out lamp should actually

" be replaced by an equivalent resistance. If, however,

the lamp is short-circuited, the resistance of the
whole series will decrease and the current will
increase slightly. The smaller the number of lamps
in series, however, the greater the overloadmg of the

- remaining lamps. In tramway cars where for in-

stance 5lamps of 120 volts burn in series, the voltage
per lamp would rise by 25 per cent, i.e. to 150 volts.
It is therefore necessary to take measures to bring
the current quickly back to its normal value in
order to avoid the failure of more lamps .due to
the excess voltage. If such measures are impossible,
it is advisable to use lamps with a lower voltage.
Voltages of 24«, 30, 40 and 50 volts may be used.

Automatic short-circuiting arrangements for burnt i
out series lamps

For the automatic short-cu‘cultmg of a lamp in a
series very different devices have been proposed.:
Use has for instance been made of the interruption

"of the current to short-circuit the lamp by means

of a relay, or to replace it by an equivalent resist-
ance. The interruption of the light may in this

_case be of such a short duration that scarcely more

than a flicker i is observed.
The rise in voltage at the terminals of the defec-

tive lamp may also be used to bring about short

circuiting, due to the fact that a very thin layer
of insulation material -held between two metal

“contacts breaks down. In the United States such -

devices are used as a rule in series street lighting
gystems. The flash-over dev1ce consists, of two -
aluminium discs one of which is provided with a
thin insulating layer which breaks down at about
400 volts. The disc is clamped between two contact

springs fastened to the lampholder, which contact e

springs serve at “the same time to make the connec-
tlon between the lampholder and the . termmals -
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When a lamp burns out the lamp with the holder
can be removed from the fitting and the lamp and
flash-over device both renewed without any risk
of touching parts under tension.

-

a)

Fig. 2. Lamp-holder with short-circuiting device for street lighting with
series-lamps, a) ready for use, b) lamp-holder with lamp and voltage fuse
removed and ¢) lamp-holder with voltage fuse and lamp. a contact, b and
¢ disc holder, d flexible strip, e and f contact springs, g flash-over disc,

h and i terminals.

Screwing out a lamp which forms part of a
series installation is dangerous, not only because
of the risk of touching a part under tension, but
also for another reason. If the current continues
to flow, especially in the case of direct current,
an arc will occur between the centre contact of the
holder and the centre contact of the screw cap,
which will melt the metal parts mentioned. The
lamp holder shown in fig. 2 has another short-
circuit contact for preventing this, which is con-
nected to the iﬂexible middle contact and comes
into action as soon as the lamp has been screwed
out of the lampholder a fraction of an inch, and
before contact with the centre contact of the cap
is broken.

In analogy with the fuses which come into action
when a definite current value is exceeded, the flash-
over devices may be called “voltage fuses”,
since they come into action as soon as a definite
voltage is reached, which is higher than the rated
voltage of the lamp but lower than the mains
voltage.

The voltage fuses, which may be incorporated in
the lamp itself or connected separately to the lamp-
holder, must satisfy very divergent requirements.
At the burning voltage of a single series-lamp
they must have an infinite resistance, but at the
total voltage applied to the series they must
break down and restore the circuit. In street light-
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ing with series-lamps this is not difficult to achieve,

due to the high voltages occurring. There are

numerous insulating materials which will break

down when exposed in a very thin layer to volt-
ages of 3000-10 000 volts, while at
several hundred volts they exhibit prac-
tically no conductivity.

In tramcar lighting the breakdown
voltage must lie below 400 to 500 volts
and above the rated voltage of the
lamp, and when, to mention another
example, a series of lamps for illumi-
nation of 7 or 14 volts is connected
to a main of 115 volts, the voltage fuse
must operate butween 20 and 100 volts.
Very thin insulating layers are neces-
sary for this, and they should have
little spread in the breakdown voltage.
It is indeed possible to produce such
fuses.

For the operating of the voltage fuses

Jeny

it is a matter of some importance
whether the lamps in series are vacuum
lamps or gas-filled lamps. When the fila-
ment fails of a vacuum lamp which is not
provided with a voltage fuse no electric discharge
can take place, due to the absence of gas mole-
cules in sufficient quantities, the vacuum acting

Fig. 3. Photograph of a series lamp which has been destroyed
by an arc discharge.
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as an insulator and thé current is simply inter-
rupted. The-" case is different with a series gas-
filled lamp without a voltage fuse. In this case,
when the filament of . the burning lamp fails,- the
current need not 1mmed1ately be interrupted.
An arc may occur at “the break of the spiral whi¢h
heats the ends to such a high temperature that
they begin to melt. The other lamps of the series
now serve as a resistance, stabilizing this arc
discharge. It sometimes occurs that the spiral is
entirely fused away and that the arc strikes over
to the leading-in wires of the lamp. The latter then

also fuse, so that, unless the lamp has already been’
destroyed by the heat developed, the arc finally’

arrives in the neighbourhood of the foot ( fig. 3) and

‘not only destroys the glass with the leading-in

wires, but may also pass over to the lamp cap

.and even to the metal parts of the lamp holder.

Such an arc may, especially with direct current
and under conditions favourable to its mamtenance,
cause “considerable - damage.

N

814

Fig. 4. In order to promote the rapid occurrence of short

. circuiting by the arc the leads of this series lamp are brought

close together at A.

A
.

This pro_cess can, as stated, only take place in

* the absence of a voltage fuse or when the latter
.does not work, of which there is a certain chance
since the voltage of the arc may rémaii below the’.

breakdown-voltage of the voltage fuse. The solutlon

_of this difficulty might be sought in raising the

voltage of the arc when it occurs by placing the

leading-in wires as far apart as possible. This would,’
- . however, result in difficulties in connection with the

introduction of the filament system through the
narrow neck of the bulb; the solution has therefore

" been sought in just the opposite direetion, namely
- by bringing the wires very close together. If an arc
is produced the leads will fuse off until at 4 in’

fig. 4 the drops of molten metal on the ends of the

nickel wires short-circuit the lamp and thus prevent -

both a break of the circuit and damage to the
lampholder
If the lamp has very short leadmg-m wires which

" are dlfﬁcult to bend close to each other, they are

-the layer
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prov1ded with separate wires which serve as ““arc
catcher” (fig. 5). Even when these measures have
been taken a voltage fuse is not superﬂuous If for
example a spiral breaks (by shock, for instance)
while the lamp is not burning, no arc will occur

“when the series of lamps is-switched on. In this

case the voltage fuse must break down and short-
circuit the defective lamp before the series of lamps
actually hghts . o ‘ "

J8/15

Fig. 5. Series-lamp with separate arc-catcher B.

* Thetype of voltagefuse varies according to the volt-
"age at which it must act. The piece of thin paper
formerly employed has been universally replaced by

an insulating material which is deposited on metal.
Metal oxides which are good insulators ‘are pre-

ferred. In the oxidation process it is possible to -

control the thickness of the oxide film. A film of

aluminium oxide is usually used which with the .

dimensions used for a breakdown voltaée of about
400 volts has a resistance of 10° ohms, and may

" thus be considered as an insulator. After breakdown

this resistance falls practically to zero. For illu-

mination and Christmas tree lamps the breakdown

voltage must be so low (below 100 volts) that alu-

minium oxide cannot be used. The film would have v

tobe so thin that it is not to be realized in practice.
Therefore a sodium tungstate is'used in these cases,
the so-called blue tungsten bronze, which still has a
low breakdown voltage at a greater thlckness of

Fig. 6. Metal -strip covered with alum1mum oxide which is
bent around the leading-in wires in such a way that only one

"layer needs to break down to cause a conductmg connectlon

between the wires.

In the case of vacuum lamps the voltage fuse-is °

mounted between the screw cap and the glass of
the bulb. It cannot be placed in the bulb itself
because the oxide films used contain gases which
would spoil the vacuum of the lamp. In gas-filled
lamps the gas freed from the oxide is of no
1mportance The strip with. aluminium oxide can

. be bent around the lead-in wires ( fig. 6) if desired
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combined with a nickel strip which' serves as arc
catcher (fig. 7). This voltage fuse shown in fig. 7,
.may, be seen in fig. 8 mounted inside the bulb of a
gas-filled series. lamp .for tramcar lighting. The
voltage fuse of fig. 6 may be seen in fig. 9 mounted

in the screw cap of a vacuum series lamp which is
+ shown.in its true dimensions. :

In the case.of illumination and Christmas tree

/712, 72

¢ aenr
N7 :
d . A

_ Fig. 7. Combination of an aluminium strip (a), provided with -
~ an insulating layer of aluminium oxide with a nickel strip

(b), which serves as arc catcher. ¢ leading-in wires, d glass rod.

.

nt
T, . EYS
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Fig. 8. Series-lamp (gas-filled) for tramcar lighting for
40 volts; 40 watts (1 amp:), in which the voltage fuse shown

in fig. 7 has been mounted.
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lamps the voltage fuse, in spite of the small space
available, can be placed. in the tiny serew cap
due to its simple construction. An example is shown

in fig. 10. . 3

[y

Fig. 9. In vacuum series-lanips the voltége»fuse shown-in
fig. 6 is mounted into the screw-cap. The sketch is full size
and shows the small dimensions of ‘the voltage fuse. o

.

- Fig. 10. Miniature screw-cap for small illumination lamps,

twice natural size, in which an extremely simple voltage fuse
has been mounted. a tungsten wire covered with tungsten
bronze, around which a metal wire b is wound.* ‘
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NON-LINEAR DISTORTION - OF SOUND FILM WITH OBLIQUE LIGHT SLIT.

by J F. SCHOUTEN - 778.534.45 : 621.396. 8]3

When a sound film is recorded or scanned with a hght slit which is not exactly perpendic-
. ular to the direction of length of the film, a non-linear distortion of the sound occurs. An
-« exact calculation of °th.ls dxstortlon was considered impossible until now. In this article
-it is shown that the calculatlon i§ indeed possible, and even relatively simple, when the ) )
oo SR light diffraction at the sound film is used for assistance. The diffraction spectrum con- . . e
’ - sists of a two- dimensional pattern whosé light dlstnbutlon along a given axis (parallel )
.4 to the direction of the ﬁlm) provides the Fourier spectrum of the sound obtained upon - B -
’ reproductmn With an “obliquely recorded” film the diffraction pattern is also found to ’ -
- be obhquely distorted, and -with this very simple transformation the new Fourier spec- :
, . trum cin immediately be dérived, when the diffraction pattern of the “vertically recorded” N
. - » - filmis completely known. In this way the distortion with obhque slit is calculated and dis-
. cussed for the cases where one is concerned with only one frequency, and where one is’
- concerned w1th two different frequenmes in the sound track.

. > - & . cr .
-..'-..- P R | T . ) ) .

The prol)lem of the obhque sht in. sound ﬁlm tech- quency, for the relative intensity of the second
nology oL , . harmonic which occurs at very small angles of the
‘ slit. The problem of the general calculation of the

, I upon reproducmg sound ﬁlm the narrow light . distortion was, hOWever, considered msoluble until
slit with' which -the film is ‘scanned is not perpen- . now

i;(;ulj;:: ?ﬁejn:l:m:nfi dl el:f::k Oilfh:hglmﬁh&ﬁ i We shall shbw how with the help ef the pfeﬁonsly o
. described light diffraction by sound film?) an
. sirusoidal the amount of light transmitted does not d; loar solution of this
" vary truely smusmdally with the time (fig. lc). exact and; moreover, vey ¢
: :; non-linear distortion occurs which is manifested problem can be obtamed in a pelatively 51mple way.
" acoustically in that the sound contains higher.
harmomcs in addition to the fundamental tone.
A’ similar phenomenon will océur ~when - in
recordlng the film the light slit (in the photo- .
' graphlc system) or the cutter (in the Phlhps -Miller
system, where the sound track is cut in the film 1))
is not perpendicular to the direction of length of
. the film. A sound track results which as it were -
~ -+ slants (fig. 1b), and which upon reproductlon with
. a straight slit leads in the same way to non-hnear“
“," distortion.
cot The fact that upon obhque scanning non-hnear

-~

d1stort10n must occur was already pomted out in ' .
1881 by Konig?) in the:discussion of his “wave
* syren”, a forerunner of the sound film. The problem
only became actual in sound film: technology. -
Frieser and Pistor?) found in their attempts at
" .an exact calculation -that' even with a single fre- .
. quency they encountered unsolvable equatlons, and
they confined themselves to working out several
cases graphically. Podliasky'?) gave an approxi- - . :

mate calculation, also for the case bf a single fre- o . gsoss
o T i C ~F1g 1. If:a piece of film is scanned with a light. slit which is

" oblique with respect to the direction of length of the film (a)

. 1) R Vermeulen, Philips techn Rev 1, 107 1936 The ©F if the sound track is recorded with an oblique slit (), in

strips of film reproduced in this article were all recorded both “cases non-linear distortion of the sound, results: the . -
by this system. For the sake of 51mp11c1ty, however, we ‘amount of light transmitted with- a sinusoidal sound track is

shall always speak of a light slit. - no longer sinusoidal but as shown in (c).

?) R.Kénig, Wied. Ann. Phys. 12, 335 1881, . - -
. H. Frieser and W. Pistor, Z. techn Phys. 12, 116, 1931 3) J.F. Schouten, Phlhps techn, Rev 3 298 1938 4, 290
I. Podhasky, Annales P.T.T. 24, 1, 1935, :- 1939 .

\,‘) . N - “ e -
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Before passing on to the actual calculation we shall
indicate the relation between light diffraction by
sound film and non-linear distortion in a general
way.

General consideration of the diffraction pattern of
obliquely recorded sound film

We have previously described 3) how a strip of
sound film can be used to produce optical inter-
ference phenomena. A diffraction pattern is ob-
tained which is also important acoustically. The
very general proposition can be deduced that the
light distribution on a given line in this diffraction
patiern (namely the horizontal axis through the
middle of the pattern, indicated below) gives the
exact Fourier analysis of the sound recorded on the
film %),

In fig. 2 a strip of film is shown on which a tone
of 400 c/s has been recorded, with the diffraction
pattern obtained from it. Along the horizontal
axis only three lines are encountered, a central
line (zero order) and lines to the left and right of it
(first order), which means that the strip of film
contains only the frequencies zero — the average
width of the film track may be considered as such -
and 400.

Fig. 2. Light diffraction by sound film. Above: sound track
(tenfold enlargement) of a tone of 400 c/s recorded with
vertical slit. Below: the diffraction pattern obtained. On the
horizontal axis only the lines of the zero and first orders are
visible.

The pattern outside the axis here has no acous-
tic significance. While the pattern actually also
contains lines of higher orders (i.e. at greater dis-
tances from the centre), since these lines do not
occur on the horizontal axis, the sound recorded
on the film does not contain the corresponding
frequencies of 800, 1 200, etc.
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Let us now consider the diffraction pattern of a
strip of film upon which the same frequency is
recorded obliquely (fig. 3), with a (very exag-
gerated) angle of 15 degrees. The pattern again

i

Fig. 3. The same as fig. 2, but for recording with an oblique
slit. The diffraction pattern is identical with that of fig. 2
except for a displacement of the lines in a vertical direction.

contains the same lines of higher order, each line
with the old intensity distribution in the vertical
direction 5), but shifted in that direction over a
distance proportional to the number of the order.

This results in the fact that the second, third and
fourth orders are shifted on ‘the horizontal axis
with appreciable intensity, and therefore upon
reproduction will occur in the sound as second,
third and fourth harmonics.

The optical spectrum of a vertically recorded
sound track thus gives us complete insight into the
sound spectrum which will be obtained upon oblique
recording or reproduction. The higher orders are
as it were ready to slide across the horizontal axis
upon oblique recording and to become observable in
the sound as higher harmonics.

In principle quite the same behaviour is found
with more complicated vibration forms (figs. 17
and 18). Here also the general structure of the
pattern remains intact, the lines, however, are
shifted 