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INTRODUCTION

With the appearance of the first issue of thls new '

periodical, the policy and aims should be outlined
which will be pursued in these pages. The Philips
Research Laboratories are .continually réceiving
an evermcreasmg number of enquiries and requests
from many quarters for more detailed data ‘and
- particulars of the extensive range of Philips pro-
ducts, and espemally for information as to their
specific charactéfistics and practical applications.
A large proportion of these enquiries comes from
the engineering world and it is hoped by means of

. this periodical to establish permanent contact

with these circles.
This ]oulnal will deal with the fo]lowmg items:

a) Technical descuptlons of new Philips ploducts,
and reports on investigations relatmg theleto,

b) Information concerning the apphcatlons of.

* these products, and

c) Techmcal articles of a more general nature

~on various questions relating to the above,

which may be of interest to the reader.

.. An endeavour will be made to present the sub-
- Ject matter of the articles as simply as possible.

Mathematical treatment will be resorted to neither

more nor less than is necessary. Facts which

can be concisely stated by mathematical for-

. mulae will in addition be exp]ain\ed’\in simple
«

language, ‘which will 'make it possibie for those.
who do not wish to follow the mathematlcs to
gather the gist of the artlcle from the text alone.

" Additional clarity will further be strived for by

the free use of (hagram's and graphs. In this way
every unnecessary show of learnedness will be -
avoided, but on the other hand care will be taken’
that this simplicity of expression does not lead
to superficiality and indefiniteness when dealing
with really complicated sub_]ects

Each contribution to - this peuodlcal will be, -
as far as possible, complete in itself. Owing to the
wide range’ of products manufactured by Philips
evely article cannot be expected to command the
same ' measure of interest from every reader.
Nevertheless, it may be expected that many
readers wil find matter of interest also in those
contributions which do not concern théir own
immediate activities. Co

This periodical therefore will be mnot merely”

-a journal embracing the activities of the Philips
organisation nor a technical journal on popular

lines, but a source of information of value and -
interest to the whole engineering profession. Our
hope is that this publication will prove of plactlcal
interest and use to many, and in consequence
merit a wide circle of readers.

G. HOLST.
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Summary. -The visible radiations of sodium and mercury vapour lamps are generated .
by entirely different processes. Sodium is excited by. the impact of electrrcally accelerated: .,
electrons against atoms in the normal state, In high-pressure mercury vapour lamps -
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Introduction

The technical features of sodium ‘and mercury -

vapour lamps as regards the state of the metal
vapours have developed along very different lines,
which in many respects* have been tending in
opposite directions. Thus it has been found that in

general the effrcrency of lrght production in sodium’

vapour was the higher, the :lower the vapour

A pressure, the current density and the luminous

" intensity, while that of the mercury vapour lamp
in the range investigated increased with these
factors Table I brings out the marked difference
- between these two types of gas-discharge lamps
in their present stages of development. This table
compares certain essential data‘ of the metal

- vapours of a’commercial sodium lamp with an
experimental type of mercury.vapour discharge
tube of very high' efficiency.

Table I. Characteristics: of the metal? vapour of a sodium
“tube lamp of 100 watts (Plilora type S0 100) and of a super-
hrgh—pressure mercury lamp "of 1400 watts (expenmental type)

'..,.‘.

- o - -
\ .Na Hg .

Pressure in atmos. - * * | - ) 10" 200

. Current density in tmlp/sq.cln. ) 0.4 280
Cross-sectlon in sq.cm. 1.43 | 0.0075"
Luminous mtensrty in candles/sq cm. 10—20 | 180000
"~ Vapour temperature in deg.C 280 -8600".
Light output in lumens/watt ) 68 78

R ; -

The ‘sodium lamp is surrounded by a double
" walled vacuum flask which d1mm1shes heat con-

-7 ductron, the mercury vapour d1scharge, however,

T is cooled by running water.

the radiation is produced by the temperature of the mercury vapour

- of llght from atoms.
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The complete. d1vergence in the behavrour of '

. . ~y
i G Py

¥ a - - -

T - . M a ..

sodium vapour and mercury vapour cannot be

readily - reconciled with the assumption that the

processes responslble for the emission of light
from these two _clagses . of; lamps are analogous.
Closer examination does in fact show that, in
spite of a fundamental similarity in the mechanism
of the two forms of dlscharge, there is yet an es-
sential dlﬁ‘erence between -the processes: generating

_the v1s1ble radiation. Thogse: prosesses which furnish

the useful hght in theé mercury lamp represent, on
the other hand, undesirable losses in the case of
the sodium lamp,. and vice'versa. The explanation
of this must be. sought in ;the. different, structure
necessary for us to cons1der the fundamental prin-
ciples of atomic phys1cs regarding the emission

.. N
Ifuminous Radiation due to Atomic Processes

In d1scussmg this problem the principles will °
"bé followed enuncrated in the atomic theory of

Bohr The sodrum atom consists of a positively-

"charged nucieus about which 11 electrons revolve.

A measure of the forces lmkmg ‘the - electrons to
‘the’ atom “is “the energy whlch must be expended
to remove an electron from thé rest of the atom.

. With both the sodlum ‘and mercury atoms it has
‘been found much "easier to remove the first electron
‘from the atomlc systém than subsequent electrons,
‘whose separatron requires the expendlture of 'a
much larger amount of cenergy. Ionisation may be

produced, for instance, by bombardmg the atom

‘with electrons which have been sufficiently acce- -
_lerated by an electric field that they are able to
. impart the requisite energy for ionisation to“one

of the atomic electrons If an_electron with charge
e has passed through a voltage drop of 14 volts
and stored the energy -
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‘ acqmred in tl’llS process, 1t will be termed an electron
.of V volts. R SRR

-+~ Tobe able to ionize sodium an electron must have
" acqulred at least 5. 12- volts, while in order to ionize

mercury 10.38 volts are required. If electrons with
a lower energy collide with the atoms, they will
_ prove too weak to break up the. atoms into pos1t1ve
ions and electrons s, T

The atoms, are,"however, -able to- absorb "certain
amounts’ of enérgy . whlch“‘are smaller than. the
ionisation energy, but any energy '\'falues irrespective
of magnitude - cannot ~ be. absorbed; the energy

_ absorbed must be in specific quanta. -
.The consequences will be discussed somewhat

. ~ PR RPEE

in detail fors sodium- “atoms bombarded with

electrons of " steadily increasing veloc1t1es As
long " as an eléctron ha$. ‘passed only through a
.- voltage 'range wh:ch’ls “sitaller -than 2.1"- . volts,
collision is perfectly elastic since the sodium cannot
absorb such small energy quanta But as soon as the
electron has passed~thrdugh d voltage drop of 2.1
volts, it is*able td impart the- corrésponditig energy
quantum of 2:1"e-to thé ‘atom.5By absorbing this
amount of energy ¢ the atoin passes into a socalled
excited state, from which it is usually able to return
very rapidly to its initial normal state’ (eig: after
-the elapse of -about- 107°'sec.). During*thisprocess
it radiates light" of: a perfectly definité wave-léngth
A or frequency »,* as expressed by Planck’s
equatlon -
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where ¢ is the veloc1ty of light and h the constant il

of Planck (h = 6. 55:10—2" ergsec). o
Equatlon (2) not only applies to the transition

! A >= -
G eeV[300

"

from the first ex01ted state to ‘the normal state, -
but-in fact to every transition from one spec1ﬁc :

energy level to another durlng whlch the energy -

liberated is radiated as light. & is here the difference
_in energy between the two states. In the partlcular
" case where sodium is exc1ted by. electrons of at

least 2.1 volts; a yellow light is radiated. Analysing’

this radiation with the spectroscope, two lines are
found, with wave-lengths of 5890 and 5896 A res-

pectlvely ‘These lines correspond- to tran51tlons

. from two states whose energies differ by such a

- small Inargin that in practice it is not poss1ble to
: obtam the lower exc1ted state' alone. The wave-

lengths agree w1th ‘equations (2) and (1), from

which we obtain the following relatlonshlp between

the wave-length 1 of the luminous radiation in A
* and the potential difference passed through:

h:;:"ios 6.55-1073-10 300- 100
T4TI0 Y

Y

12340

= Tzelngstrom (3)

Wlth mercury, electrons of 4.86 Volts are s1m11arly
found: capable of genel atmg the ultra- violet mercury

llne with a wave-length of 2537 A

Vi=52V.

L A
. 1506/ _
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Fig. 1. Energy levels of Sodium and Mercury. The thickness’

of the lines denotes the visibility of the transition phenomena;
invisible (ultruvmlct and infrared) transitions are shown as
broken-lines. Vi is the ionisation voltage. With. sodium,
visible hght is .produced mainly by resonance lines (5890
and - 5896

sitions (mainly 5461 and 5791

), the resonance lmes (1850
_and 2537 A) are ultravmlet . .

A);" higher transitions give infrared  radiation. "
With mercury, visible radlatlon is produced by higher tran-
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If in the case of sodium the velocity of the bom-
barding electrons is increased, various other lines
of the sodium spectrum appear successively. Thus

at 3.2 volts two infrared lines in the neighbourhood
of 11400 A are obtained, corresponding to a tran-.

. sition from the 3.2 volt level to the 2.1 volt level,
and from 3.5 volts onward there’ appear the lines
8183 and 8195 A In’ thls way thé ‘whole of the

sodium’ spectrum is gradually produced until at’
5.12 volts the sodlum iss 10n1zed Similarly with
mercury, at 6.67 volts there appeals in the extreme

ultrav1olet a hne with a wavelength of 1850 A.
From 7 1 volts onwards one. gets the wellknown
green, . ‘blue and violet lines of mer cury with wave-

lengths of 5461, 4358 and 4047 A, while in the
neighbourhood of 9 volts the yellow mercury line

5791 A ‘appears, as well as a large number of lines |

which are on the threshold between the visible violet
and the ultraviolet.

The energy levels of sodium and mercury may be
leplesented as shown in fig. 1. Along the vertical
“axis the minimum voltage is plotted which the elec7
tron must pass through in orderto he able tobring the
atom into the corresponding state. The individual
levels between which a transition accompanied
by radiation may occur are joined by lines, whose
thickness corresponds roughly to the intensity of
the visible light obtained. These diagrams clearly
show that not all possible transitions are obtained
with noticeable intensity, thus e.g. there are no
combinations between the energy levels in one and
the same column. In fact, whether reciprocal comi-
binations are possible or not with the emission of
radiation has determined this distribution of the

different energy levels over a number of columns. -

‘This question cannot be discussed in detall within
the ‘scopeé of this article:
The diagram shows that the common yellow
* sodium lines which make up the la1ge1 part of the
visible light emitted by sodium lamps are radiated
" on the transition of the sodium atom from the
lowest excited state to its normal state. The ana-
logous process with mercury gives an invisible
ultraviolet line and must therefore be regarded as
undesirable. On the other hand, the visible mercury
lines in the green and yellow are due to transitions
between higher levels, which in the case of sodium
" mostly produce infrared lines. To this is due the
" fundamental difference in-the behaviour of the
sodium and mercury vapou1 lamps.
Energy can be imparted to an atom not merely
by bombarding it with high-speed electrons, but
- also by causing the atom to absorb.radiation ‘or

raising the gas to a high temperature. In these

"
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processes also it is found that the atom can absorb

energy only in definite quanta. If the temperature
is.not too high, practically all the atoms are in the
normal state and they then absorb only such light
quanta, as are radiated on return to the normal
state. The smallest light quantum which can be
absorbed is that corrcsponding to a transition
from the normal state to the nearest excited state.
A spectral line radiated on return to the normal
state is termed a resonance line. '

- The resonance lines play an important part, as
they are strongly absorbed by the gas itself. If
the-pressure of the metal vapour is not extremely
small, the intensity of the resonance radiation is
considerably weakened by self-absorption. Self-
absorption is not intrinsically a loss in luminosity,
as the absorbed energy is usually emitted again
in the form of a light quantum of the same wave
length. But it may happen that an atom before
radiating the absorbed light quantum is excited
to .a higher degree by collision with an electron

(cumulative excitation) or transfers its energy to

an electron and thus returns to the normal state
without emitting radiation (céllision of the second
kind).

It is obvious that the weakening of thc resonance
radiation in gaseous discharges is-determined not only
by the intensity of self-absorption, but also by the
relative occurrence of the secondary processes

referred to. Self-absorption increases with the

pressure, while the secondary processes increase

with the current density.

Conclusions hearing on the Design of Sodium and
Mercury Vapour Lamps :

The above considerations show that to obtain
a high output of visible radiation from sodium
vapour and mercury vapour lamps entirely -dif-
ferent methods must be adopted. To obtain a high
yield of light rays with sodium, it is essential for
the resonance radiation to predominate and tran-

sitions between higher energy levels to be suppressed

as far as possible. On the other hand in the mercury
vapour lamp the discharge must be such that the
maximum radiation is obtained by transitions
between high energy levels. ‘
As already indicated in the previous section,
resonance lines are easily and considerably wea-
kened by ‘self-absorption. This weakening is un-
desired in the sodium lamp, but highly desirable
in the case of the mercury lamps. As this weakening
due to self-absorption increases with the gas
pressure and’the current density, it appears that

N
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to obtain the best results, sodium lamps should
have a low vapour pressure and be run on a low
current density, and mercury lammps have a very
high vapour pressure as well as a very high current
density.

How far the adoption of these principles would
result in an increase in the light output of sodium
and mevcury lamps will be discussed in a later
paper. Certain results will, however, he briefly
referred to here owing to their general interest,
although they do not completely bear out the
considerations above. It has been found that in
the sodium lamp radiation is produced as a result
of excitation by electronic collision. On the other
hand, when passing a discharge through mercury
vapour at a high pressure, the conditions of ex-
citation and ionization are determined by the
temperature of the vapour, in other words the
vapour atoms hehave as if they were contained
closed wvessel at a constant

in a tempera-

ture. In spite of the input of energy by the
current and the output of energy by radiation,
a thermal equilibrium is roughly established. This
is due to the fact that owing to the high con-
centration of the mercury atoms the energy stored
in the gaseous column as heat is much greater than
the energy input and output during a specific
time interval sufficient for thermal equilibrium
to he established.

In the case of sodium, nearly the whole of the
energy of the electrons is converted to resonance
radiation, when the current density is extremely
low and the vapour pressure has a suitable value.
In practice this limiting case is not approached,
because inter alia part of the encrgy must be con-
verted to heat in order to maintain the walls at
such a temperature that the vapour pressure
of sodium has a satisfactory value. The energy
lost by thermal radiation increases with the area
of the radiating surface. Therefore a specific luminous
flux should not be radiated through an excessive
area. The luminous density and hence also the
current density must thcrefore not be too low.

The spectral distribution of energy in the ra-
diation of high pressure mercury vapour presents
a very complex problem. With rising vapour
pressure, the relative concentration of
molecules Hg, also increases. These molecules give

mercury

a spectrum, composed of wide bands instead of
sharply defined lines. As a result the line spectrum
will gradually become covered by a continuous
background, the transition becoming the more

SODIUM AND MERCURY VAPOUR LAMPS 5

marked as the vapour pressure rises. Fig. 2 shows
the spectra obtained with a super-high-pressure
mercury vapour lamp at different vapour pressures.

vyist
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Fig. 2. Spectrum of a mercury vapour discharge, cooled with
a streamn of water, at differenl vapour pressures P. With
rising vapour pressure, the spectrum lines will progressively
be covered by emission and absorption hands. (Internal
diamcter of tube 2 mm, current intensity approx. 1.3 A).

The most striking difference in these spectra is the
steady intensification ol the continuous back-
ground beginning at the resonance line 2537 A
and spreading mainly in the direction of the longer
wavelengths. With the increase in vapour pressure
an absorption band progressively covers a greater
part of the spectrum owing to self-absorption of
the resonance radiation. The appearence of the
bands may be regarded as the first stage of the
transition of radiation into a state of thermal
equilibrium, where the spectral distribution of
intensity is no longer determined by the charac-
teristics of the individual atoms but merely by
Planck’ law of black body radiation. Since a
black body at the temperature of the radiating zone
in the discharge emits comparatively more red radia-
tion and less ultraviolet radiation than a mercury
vapour lamp, it may be concluded already from ther-
modynamical considerations that with rising vapour
pressure the center of gravity of the intensity
distribution becomes shifted towards longer wave-
lengths. This effect is indeed clearly brought out
in fig. 2. The wide absorption bands produced by
a broadening of the resonance lines weaken the
ultraviolet radiation of the mercury vapour to a
degree which increases with the rise in vapour
pressute, while the continuous background which
increases in intensity with the pressure stretches
far into the red and infrared region of the spec-

truin.

Compiled by G. HELLER.
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A MODERN HIGH-VOLTAGE EQUIPMENT

Summary. The equipment described furnishes peak voltages up to 1000 kV, and a D.C.
voltage of 700 kV, a current of 4 milliamps being derived. Compactness and simplicity
of control are its features. The installation is composed of two symmetrical units. One
unit comprises four stages, each consisting of a condenser and valve; each structural
element is subject to a quarter only of the total voltage. Owing to their special design,

the valves are able to cope with a 200 kV backfiring voltage. The oxide cathodés are

heated by means of a high-frequency generator,

Introduction . -

The: problem of generating D.C.. voltages up to
several hundreds of -kilovolts has been stimulated

in" a high degree by the developmeént of atomic

physics, which has acquired considerable propor-
tions during the last few years. For, experiments
on the dJSlntegranon of atoms a very large number
of hlgh-voltage equlpments complying more or
less with the special requirements have been desig-

ned and constructed. But most of these equipments.
take up a great deal of room -and" demand ‘much.
of the experimenter’s attentlon, wluch therefore,

has to be necessarily divided between the actual
" experiments in hand and the apparatus supplying
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Fig. 1. Principle of the Greinacher ‘circuit. If transformer
T supplies an A.C. voltage of amplitude E, point ¢ is at a con-

stant voltage 2 E and point ¢ at a constant voltage 4 E with-

respect to earth, The circuit can be expanded as required.
the requisite high voltage. An installation which,
- while not relieving the experimenter from every
such duty, yet does simplify supervision to a marked
. degree, has been developed in the X-ray laboratory
~ of the Philips Works!). This equipment, which

1) A short description of the equipment — which has since

been much improved — has been published by A, Bou-~

wers (“Modern X-ray Development™, British Journal
of Radiology 7, 21,. 1934) i

: subplieé a direct current of 4 mA at 700 kV and

peak voltages up to 1000 kV, takes up very little

space and is remarkable for the simplicity of its -

construction and operation. :

The theoretical lay-out of this installation
is based upon a circuit, first described by
Greinacher. Cockecroft (Cambridge), and
Bouwers (Eindhoven), working independently

almost : simultaneously thought. of applying this

principle for generating very high voltages. -

Principle of circuit

The fundamental diagram is shown in fig. 1.
The secondary winding T of a high-tension trans-
former furnishes an A.C. voltage of amplitude E.
Point a is earthed and is thus always at zero po-

4E

2E

15042

Fig." 2. Voltnge-tlme curves for various points of the circuit
in fig. 1. Across-each valve the voltage fluctuates between
zero and 2 E; for adjacent valves the phase -displacement
is half a cycle

tential. (This fact is not essential, but it is stated
to facilitate a clear understanding of the circuit).
Point @, has a voltage with respect to earth, which
is represented by the voltage-time sine curve a;
in fig. 2. How will the voltage at point b vary
with time?

In the absence of valve Vl, the upper plate of
condenser C, would -alternately assume a positive
and liegative charge, whose maximum value would
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correspond to the peak value E of the transformer
(it amounts to E times the capacity of C,). As,
however, valve V, permits the current to flow in
circuit a a, b b, a in one direction only (viz. to the
left) 2), the positive charge once accumulated on
the upper condenser plate will be maintained, as
the deficiency of electrons cannot be made up via
V,. Condenser C, is thus charged to the peak voltage
E, and the potential at b consequently remains
+ E in excess of that at a, (or —E, if the valve is
reversed). The potential at b which with respect
to earth is identical to the voltage across valve V,
can obviously be represented by curve b: it oscillates
between zero and 2E.

The same reasoning may be followed for ascer-
taining the fluctuation of the potential at point ¢
of the adjacent circuit. The voltage across valve V,
which oscillates between zero and 2E, here per-
forms the function of the A.C. voltage supplied
by the transformer; owing to the action of valve
V,, condenser C, is charged to the highest voltage
occurring at V,, viz. 2E. Point ¢, therefore, has a
constant potential 2E with respect to b, (— earth)
(cf. line ¢, fig. 2).

Between points ¢ and b, i.e. across valve V,,
a voltage occurs which can readily be found as
the difference of the potentials at these points,
that is, the difference between the ordinates of
curves ¢ and b (cf. the shaded area V,.) It is seen
that the valve-voltage V, oscillates between zero
and 2E (which was also the case with valve V,),
this voltage being displaced by half a cycle with
respect to that of V,. Starting with V, and pro-
ceeding by the same method, it is similarly found
that at point d the voltage fluctuates between 2E
and 4E; and also, that point e acquires a constant
voltage 4E (cf. curves d and ¢ in fig. 2).

If, for instance, the original A.C. voltage E is
100 kV, a D.C. voltage 4E = 400 kV is obtained
at ¢; by means of a second unit devised on the
same lines but having valves operating in the
opposite direction, a voltage of —400 kV can be
obtained. Between the terminals of the two systems
a total voltage 8E = 800 kV will therefore obtain.
From fig. 2 it will be evident that in the unit
described, voltages still higher than 4E occur:
between points e and a,, the voltage fluctuates
between 3E and 5E. By earthing point a, instead
of a, a peak voltage as high as 5E per unit may be
obtained, so that two units in combination are

able to supply a peak voltage of 10E.

?) In the symbol for the valves used in fig. 1, the arrow
denotes the cathode; the arrow consequently indicates
the direction of the flow of electrons.

MODERN HIGH-VOLTAGE EQUIPMENT 1

The main advantage of this circuit is that all
condensers and valves are subjected to a fraction
of the voltage only (viz. 2E, and even E only in C,).
This has enabled the dimensions of all components
to be kept within reasonable limits. Moreover, each
unit is composed of identical stages, so that still
higher voltages can be attained by increasing the
number of stages per unit.

15097

Fig. 3. Complete equipment consisting of two units. The
metal globes B enclose the connecting points to eliminate
corona phenomena. Between the globes the condensers C
which form the vertical structural elements are visible; the
valves V are fitted in the sloping interconnections. The
transformer is at the rear, the transmitter H for high-frequency
heating is in the front.

Description of equipment

Fig. 3 shows a photograph of the complete
equipment, comprising two units of four stages each.
At Jboth sides of each unit the condensers C(paper
condensers of about 0.01 pF) can be seen mounted
vertically; the valves V are contained in the sloping
connecting members. The connecting points b,
¢, d and e are surrounded by globe-shaped metal
shields B to decrease corona phenomena. Theore-
tically, a maximum D.C. voltage of 800 kV is ob-
tained between the terminals if the amplitude of
the transformer voltage amounts to E = 100 kV.
(When the system is loaded this voltage will be some-
what lower because the condensers cannot maintain
their peak voltages. Also, a ripple amounting
to a small percentage will occur in that case). By
a slight modification of the circuit, it is possible,
as already mentioned, to obtain a voltage fluc-
tuating between 600 and 1000 kV.

It has already been pointed out that this type
of installation is not by any means bulky, the
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equipment shown in fig. 3 occupying a floor area

of only.1.5X3 m and being only 2 m high. It can,
therefore, be accommodated in a comparatively
small room. ‘ 4

The valves

~ Among the various components constituting

the equipment, the valves designed by Muld e r3)
(Eindhoven) call for special mention. They con-
tain mercury vapour at saturation pressure (ap-
_ proximately 2:10~° mm at 15°C) .and are provided

o
\ 4

Fig. 4A. Two-stage unit. Starting at instant t, a current is
taken from c. '

.

/5097
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Fig. 4B. The variation of potential at points b and ¢ is
similar to that in fig. 2, but the potential of ¢ slowly decreases
from the instant t,. At t,, the potential difference across the
valves (between points b and c¢) attains the value of the
ignition voltage Ey; ignition is effected, the potential at ¢
increases up to t,. During the short interval t,—t, the whole
charge. of .condenser C, lost’ during the long interval t,—t,
has to be made up. The charging current must therefore assume
high momentary values during this short interval.

with oxide cathodes. It is true that, compared
with high-vacuum valves, gasfilled tubes have
the disadvantage of a high ignition voltage (about
7 kV). Moreover, their operation sets a limit to
the ambient temperature, such that in view of
the mercury-pressure required, the permissible
temperature range is restricted to between about
15% and 40° C. On the other hand, they offer the
advarntage of a very low voltage drop (50 volts);
their main feature, however, is that they .enable
oxide cathodes to be used which require very
little heating and thus facilitate the application of
“high-frequency heating”, described below (the

power required for heating tungsten cathodes is -

about ten times greater).

—

%) ¢f J. 6. W. Mulder, Dissertation, Delft 1934.
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Notwithstanding the fact that the high-tension
equipment has to supply a current of a few mil-
lianps only, the cathodes must be designed for
an emission current of about 100 milliamps, for
the instantaneous values of the charging currents
in the valves are many times greater. than the
current to be ultimately supplied. This point will
be considered in some detail, as it is of paramount
importance to the efficient functioning of the
installation. . - .

When the equipment has to supply current,
the functioning of the installation is explained
on the same lines as outlined above, except that .
the potentials of the condensers are somewhat
reduced as a discharge occurs. The state of affairs
is shown in fig. 4B, for an installation of only two
stages, up to ¢ (fig. 44), and assuming that at a
certain instant t, the current is drawn from point c.
The potential at ¢, which was injtially‘ 2E, now
slowly drops as condenser C, is discharged. At a
certain instant the potential at b, which, as pre-
viously stated, fluctuates between zero and 2E,
will be-in exccss of the decreased potential at c; -
when the excess voltage reaches the value E, of
the ignition voltage — at the instant t, — the
valve is started up and the condenser C, becomes
recharged. The potential at b, however, remains
only a short time at the peak around 2E; it de-
creases again, whilst the potential at ¢ increases.
Shortly after, at the instant t,, the potential dif-
ference at the valve becomes zero and the charging
current is interrupted. From this point, the cycle
is repeated. In order to prevent the condenser
voltage from decreasing regularly at intervals, it
is necessary to restore to the condenser in the short
period t,—t; that charge which has been lost
during the long period t;—t; by the discharge
current. As the charge is represented by the
integral of the current over the time, it is
clear that owing to the short duration of the
charging current its magnitude must be corres-
pondingly greater; it should exceed the discharge '
current by the ratio between the time intervals
t—t, and t,—t,%). . }

The oscillogram of the current of condenser C,,
shown in fig. 5, clearly shows how the condenser
is discharged with a small current and how the .
charge is restored in a few peaks.

Moreover, the importance of using valves with
a 1o w ignition voltage will now be evident. If the

%) If the potential at ¢ is decreasing more quickly, point t;

is shifted to the left and the ratio of the time intervals

- becorites more favourable, but the potential “ripple® at c
is then very large.
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ignition voltage is high, it may happen that, at the
first “crossing” of the potential at b and ¢ (point t;
in fig. 4B), no ignition of the valve at all takes
place, so that the condenser is still further dis-

Fig. 5. Oscillogram of current in condenser C, (of fig. 4A),
showing the small discharge current (below the zero-line)
and the peaks of the charging current (above the zero-line,
about 10 times as large).

charged, until recharging occurs at the next
“crossing”, or even later! In this case the time
interval for restoring the charge has hecome still
more unfavourable.

The valves used are provided with oxide ca-
thodes consuming about 8 watts, which is ample
for obtaining the necessary emission current.

As the cathode is at a potential of several 100 kV,
the heating power supply presents a problem in
itsell. Cockcroft made use of small storage
batteries, which were placed directly on the con-
densers. This seems to be a simple solution, but
the regular charging and supervision of the batteries
necessary are serious drawbacks and prove very
inconvenient. In the case of the equipment des-
cribed here, the cathodes have for some time
been heated by small generators, a method also
employed by Cockeroft. The generators were
mounted on the condensers and were driven in
pairs by a motor on the floor through a common
insulating pertinax shaft. This solution is fairly
satisfactory, but has the drawback that operation
is not noiseless.

The high-frequency heating

The heating problem was later solved in a more
elegant way by the application of high-frequency
heating, a method suggested by Kuntke (Eind-
hoven). The circuit at present used is shown dia-
grammatically in fig. 6 (only one of the two units
is shown).

The condensers C,-C, act as insulators for the
D.C. voltage produced, but allow a high-frequency
alternating current to pass freely. Between the
points a and b, (a is at zero potential) an alter-
nating voltage is applied with a frequency of
7.5-10% ¢/s (corresponding to a wavelength of 400
metres) and derived from a small 150-watt trans-
mitter H. This A.C. voltage now delivers current

MODERN HIGH-VOLTAGE EQUIPMENT 9

to the high-tension circuit without affecting the
high tension and without being affected thereby.
This implies, however, that the circuit must be
suitably dimensioned to carry both kinds of

I' ST ST
¢ L T e
w
»——-mm';[%
7]
B2
%:» 4
d [ o=y
] V3
i
|
»——-'uum——-]‘@ £
e
W
b Ln——aby
Vfl .
; H
1 ¢ :
MAVVVNVWWN—
i beaed
750495

Fig. 6. Circuit diagram of a single unit, with supplementary
high-frequency heating. Through the high-tension circuit
there also flows a 750 kc current of 0.7 amp; by means of
specially-designed air-core transformers (at b, ¢, d and above
C,). the requisite value of 3.5 amp for heating the cathodes
is obtained. The functions of the supplementary components
(capacities, inductances and resistances) are explained in
the text.

current; the condensers for instance must be
designed in such a way that, apart from the re-
quired capacity and disruptive strength, they
involve only small high-frequency losses. Not-
withstanding the special design, the high-frequency
losses in the condensers are still comparatively
high. Therefore it was desirable to restrict the
high-frequency current intensity to 0.7 amp. To
obtain the 3.5 amp current required for heating
the cathodes,
5:1
circuit (cf. fig. 6). The necessary power of 8 watts

small air-core trnasformers of a
ratio have therefore to be included in the

is arrived at by constructing the air-core trans-
formers with a tight coupling and low leakage;
the secondary voltage is derived from taps on the
coil, as in an auto-transformer. All cathodes are
thus heated in a series circuit.

Some details of the diagram shown in fig. 6
may be referred to. The resistances W of 20000
ohms, connected in series with the wvalves, were
originally designed to limit the initial current at
the moment of ignition; now they also serve to
prevent the valves from providing a shunt for the
high-frequency current. For the high-frequency

current the capacity C’ shorts the transformer,
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while capacity C” bridges the last valve. The self-
inductance L is used to tune the circuit to reso-
nance and, therefore, to reduce the impedalice
“of the high-frequency circuit to the minimum
possible. The choke coil L’ prevents the high-
frequency c1rcu1t from passing over to the loading
circuit.

The design of the valves is such that the dis-
charge path between cathode and anode is sub-
. divided by a number of short metal tubes. The

valves are glass tubes about 50 ¢cm long and 3 cm’

in diameter; the cathode-anode distance d is about
30 cm and is sub-divided by means of 60 tubes in
such a way that the distance ¢ between the small
tubes amounts to about 0.5 cm (cf. fig. 7). '
The function of the tubes, which may be regarded
as intermediate electrodes, is to increase the back-
firing voltage; this is briefly -explained as follows:
- The break-down voltage depends on the vapour
pressure and the distance between the electrodes.
When the distance between the electrodes is
decreased, with a fixed vapour pressure, a region
is ultimately reached in which the break-down
voltage increases with decreasing elec-
trode-distance ?). Roughly speaking, this condition
prevails when the mean free path of the electrons

8) Cf. eg. J. J. Thomson and G. P, Thomson, Con-
duction of electricity through gases, Cambndge 1933,
Vol. 2, p. 475 £,
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v

in the vapour is of the same order of magnitude
as the distance between the electrodes. Then,
owing to the deficiency of the number of collisions,
the electrons do not produce a sufficient quantity
of ions to cause a discharge. Now the mean free

path of the electrons in mercury vapour at a

—
%ﬂ;##ir —

15044

Fig. 7. Construction of valve: the distance d = 30 cm between
cathode K and anode A is subdivided by 6 tubes each separ-
ated by a distance ¢ = 0.5 cm to increase the backfiring vol-
tage. The bridging condensers produce uniform distribution
of the total voltage along the tube,

pressure of about 2-10'_3 mm is of the order of a few
centimetres and is therefore comparable to the
distance between the small tubes. The latter are
interconnected by condensers; this affords a linear
potential distribution along the discharge-path,
which is necessary during the period during which
the tube has to stand the full voltage (2E). The .
dielectrics of these condensers are constructed as
rings of high-tension Philite and fitted round the
valve-tube, and thus give the valves the striking
appearance shown in fig. 3.

Compiled by S. GRADSTEIN.
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'RELAY VALVES AS TIMING DEVICES IN SEAM WELDING PRACTICE

’

By D. M. DUINKER.

Summary. The usual method of bonding two_pieces of metal by spot-welding is to pass
a very high-ampere alternating current through them. Practical experience in recent
years has shown that to obtain a reliable bond it is essential to limit the time the current
is passing to a few hundredths of a second, i.c. to a small number of periods at a 50-cycle
frequency. In welding long scams the parts to be bonded are passed between roller-type
electrodes at a constant speed, a scries of welding-spots being produced by passing a current
impuls of the above mentioned duration through the electrodes at uniform intervals!
A timing device designed for this purpose must therefore allow the current to pass for a
certain number of cycles x, then arrest the current for a further number of cycles y and
repeat this seqlience (x+vy) con'tinually. Mechanical timing devices are not suitable:
for this purpose owing to the extremely short period of time involved (of the order of
. 0,02 second) and the powerful current used (usually several 100 amps). The employment -
of a relay valve controlled by a relaxation oscillation offers considerable advantages
as it operates with perfect synchronism and can be readily and instantaneously regulated
within wide limits. The design and operation of a timing device of thlS type are descnbed

below.

In addition to arc welding, two pieces of metal
can also be bonded electrically by resistance welding
in which a powerful current is passed through the
metal. In this process the greatest resistance to
the flow of curfent is encountered at the gap be-
tween the two surfaces, the heat generated at this
point causing the metals to fuse togetlier to give
the desired bond. Usually the current is supplied
to the two pieces of metal by means of more or
less tapered electrodes, the weld covering an area
with a diameter of only a few millimetres. Hence
the term “spot-welding”. To produce long seams,
a series of welding-spots are required, to obtain

" which the electrodes are made in the form of rollers

that are brought in contact with the metal surfaces
to be bonded. The metal is then passed between the
rollers at a speed determined by the distance
required between the _Wwelding-spots, which in
turn depends on the requn'ed mechanical strength
and impermeability to.liquids of gases. The present
paper deals essentially with this method of seam-
welding.

The heat generated at a welding-spot is deter-
mined by the strength of the current passed and
its duration of flow. Investigations during recent
years have shown that it is important for the cur-

rent to be sufficiently powerful to allow it to pass-

through the metal for only an extremely
short period of time, in order that the
heat generated is restricted to the spot where it
is required. The heating of the surrounding mate-
rial, which is avoided by this means, is not only
of no practical value but may also have a most
deleterious effect on the quality of the weld, since
it may cause oxidation and other undesirable
chemical and physical changes. .

The method of interrupting the flow of the weldlng' ’

current periodically signifies an important
advance in this method of welding, as compared
with a non-periodic interruption. In the first place
it has led to a marked speeding up of welding, and
secondly it has enabled such metals as stainless steels
and aluminium alloys to be welded satisfactorily.
In some cases it may be necessary to restrict the
passage of the current to a few hundredths of a
second, in other words to a few cycles of the alter-
nating current, and it is evident that to give a
satisfactory uniform weld a circuit breaker capable
of performing this duty must operate in p e 1-
fect synchronism with the mains supply
and permit of such accurate adjustment that the
intervals between the opening and closing of the
associated circuit can be maintained absolutely
constant: With the short times of current flow
involved here, a difference of half a periode (0,01
second) either way is already sufficient to produce
a marked alteration in the amount of heat pro-

duced. Furthermore, as the primary current of .

the transformer is several 100 amps (the secon-
dary current being 1000 to 10000 amps at 3 to
10 volts), it is apparent that a mechanical device
is quite impracticable, especially as it  would be
exposed to the most severe wear.

A more satisfactory and more efficient method
for the synchronous opening and closing of the
circuit is obtained by means of relay valves.
These are gas-filled hot-cathode rectifiers with
control grid; the ignition voltage of such valves
can be adjusted by means of the grid voltage,
as shown by fig. 1, the characteristic for Philips
relay valve DCG 5/30: It will be noticed that at
positive grid voltages exceeding 12 volts the
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ignition Voltage is low (<100 volts), whereas in the

case for instance of —2 volts grid voltage the

valve ignites only at 11000 ‘volts -anode voltage.
These relay valves render it possible, by means
of certain circuits (see below) to close the current

\
\
Y
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Flg 1. Characteristic of Philips Relay Valve type DCG 5/30:
Ignition voltage as a function of grid voltage.

Principal data: Max. peak inverse voltage 12000 volts

. Max. anode current peak value, 25 amps

Max. anode current mean value, 6 amps

for any desirable number of cycles (x = 1, 2, 3, ...)

and to open it for any other number of cycles

(y =1, 2, 3, ...), and this sequence x+y to be

repeated periodically. The values of x and y can

be wvaried independently of each other within

wide limits. The principal advantages of a timing

device of this type are:

1. Absence of all moving and ‘revolving parts,
no wear or noise;

2. Perfect synchronism with the mains supply;

3. Ready and instantaneous regulatlon of time
intervals x-and y;

4. The value of x can be reduced to a single cycle
(0,02 second);
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.

5. Umformlty in operation in any setting when
once made.

Fig. 2 shows the various circuits making up the
timing device, and which consist essentially of-
the three following:

A. The oscillating circuit;

B. The time-delay circuit;

-+ C. The interrupter circuit;
thése circuits are also shown separately and -
slightly 51mp11ﬁed in figs. 3, 7 and 5.

The primary circuit of the welding transformer
(T, fig. 3) includes the primary winding of a-
transformer (T;), whose secondary winding is
connected to the cathode and anode of a relay
valve (M,). Transformer T, serves for heating the
cathode of valve M,. When the potential difference
between the grid and the cathode of M; reaches
such a value that the valve passes current, trans-’
former T, is shorted!), practically the whole of
the mains voltage is applied across the terminals
of T, and welding takes place. The grid of M, is
now given a negative potential sufficiently large
to prevent ignition of the valve: the seconda'ry, .
circuit of T, remains open, and only the weak
magnetising current flows through the primary
circuit; the welding current is then practically zero.
A grid potential of —V, volts (e.g. derived from a
battery) is sufficient to prevent ignition -of -the
valve. What potential difference must be applied
to the grid between the points 1 and 2 (fig. 3)
so that the primary current can flow for a single
cycle (x=1) and be cut off for y cycles (y being
integral)? It follows from the above that this is
obtained by imparting to the grid a positive po-
tential impulse every (14y) cycles, at the instant
the anode becomes positive with respect to the
cathode. We therefore require a potential of the

1) This applies only for one direction of the secondary cur-
rent, but for the primary current this has practically
the same effect as a complete short-circuit (cf. e.g. P.
Lenz, Archiv fiir Elektrotechnik 27, 497, 1933). '

Fig. 2. Circuit - diagram of . timing
device for seam welding.

"T, = Welding transformer.

A = Oscillating circuit (see fig. 5).
B = Time-delay circuit (see fig. 7).
C = Interrupter circuit (see fig. 3).

4
75058 .
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form shown in fig. 4, i.e. an alternating .voltage
with a fundamental frequency 1/(1+4y) times the

‘mains frequency. Such demultiplication

of the frequency .may be conveniently ob-
tained by means of relaxation oscillations 2),

~ which brings us to the oscillating circuit shown

in fig. 5.

A small relay valve (M,) of low output is con-
nected in parallel with the condenser C,, which

Ar .
1]
. Ve~ %
} " ,
T #2
. e

/75062

Fi 1g 3. Interrupter circuit (cf. “C" in ﬁg 2)
T, Welding transformer.

T2 = Series-transformer.
T, = Filament heating transformer
M, = Main relay valve.

" Grid (1) is negative with respect to cathode (2): the anode

current of the valve is blocked and only no-load current flows

through the primary circuit of Ty, Grid (1) is given a potential’

causing ignition of the valve: transformer T, is ‘shorted and
practically the whole of the mains voltage is applied across
the welding transformer T,.

"is slowly charged from a source of direct current

through a high resistance R, after the circuit is
closed by the_ switch; the anode voltage, which is
equal to the condenser voltage, therefore increases.
As the potential of C, increases, there is a decrease
of the voltage drop at R,, which drop serves as
negative grid voltage for valve M,; after a certain

time the valve ignites, the condenser is rapidly

discharged through the valve and the small resis-
tance r. This cycle then starts all over again. A free
relaxation oscillation of this type has a frequency
proportional to 1/R,C;, although it can be very
readily synchronised with a higher or lower har-
monic of any other frequency introduced into the
system. This is illustrated in fig. 6: anode and con-
denser voltage with respect to the cathode K show
an exponential trend (A, C;). The trend of the
critical grid voltage (dotted line g) has been de-
duced from this by means of the characteristic, i.e
the grid voltage required for ignition at the anode

2) Cf. eg. B. van der Pol, Phil. mag. 2, 978, 1926,
and B. van der Pol and J. van der Mark,
Frequency Demultiplication, N:_lture 120, 363, 1927.
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voltage in question. Actually the grid voltage G

. consists of the voltage-drop across R, (Vy) with

the superimposed A.C. voltage Vg. Ignition takes
place the moment the actual grid voltage exceeds
the critical one, i.e. at the point of intersection of
the curves G and g. As this point of intersection
will always be situated near the peak of Vg, only
such conditions will occur at which anintegral
number (1, 2, 3 ...) of cycles of the frequency of

k' « \ -ip

f

7505/

Fig. 4. Required voltage waveform between terminals 1 and
2 (fig. 3) in order to obtain welding-spots during a single
cycle at intervals of y cycles.

the synchronising voltage elapses between two suc-
cessive-ignitions. The frequency of the free relaxa- -
tion oscillation will therefore adapt itself to that
of the adjacent lower harmonic-(1/1, 1/2, 1/3 ...)

“of the imposed mains-frequency. It is, for instance,

sufficient to apply to the grid circuit a low-voltage
50-cycle alternating current’ (fig. 5) in order to

1
L.
ga
-

—

75063,

Fig. 5. Oscillating circuit (simplified) (Cf. “A” in fig. 2)..
C

1 Variable condenser.

R; = Charging resistance.

r = Discharging resistance.

M, = Relay valve. -
T, = Transformer to furnish a potential of mains -

frequency at the grid of M,.
Valve M, is ignited with a frequency which is a sub-harmonic
of the mains frequency. The degree of frequency demultipli-
cation is determined by the product C;R;. Circuit C;R; permits
the phase displacement to be vaned between the relaxation
oscillation ‘obtained and the mains.

limit the p;)ssible frequencies of the relaxation.
oscillations to 50, 25, 162/;, 121/, and 10 cycles, etc.
If to the capacity of C, values are given at which
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the free relaxation frequency would be in the neigh-
bourhood of these fractions of the mains frequency,
a current impulse will flow through the resistance
r (fig. 5) every 2, 3, 4 or more periods of the mains
supply. The potential at r, combined with the
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Fig. 6. Diagram of a free relaxation oscillation synchronised
with a lower harmonic (in this case '/;) of an imposed A.C.
voltage.

battery voltage —V,, then fluctuates as shown in
fig. 4. The condenser C; and resistance R; (fig. 5)
permit the phase displacement between the mains
voltage and the grid potential of M, to be adjusted
in such a way that M, is ignited exactly at the
instant the anode of M, becomes positive. The phase
displacement requires adjustment only once and
remains constant.

By connecting terminals 1 and 2 in fig. 5 with
terminals 1 and 2 in fig. 3, an arrangement is
obtained which allows current to be passed through
the associated circuit for one single cycle at inter-
vals of 2, 3, 4 or more cycles. For some purposes
this duration of current flow may be too short,
and one would like to be able to prolong it as
required to 2, 3, 4 or more periods, retaining at

5 1

75052

Fig. 7. Time-delay circuit (simplified) (¢f. “B* in fig. 2).
This circuit which is made up of a variable condenser C,, a
resistance R, and a valve V,, serves for prolonging the interval
during which welding current is flowing.

the same time a suitable interval with no current-
flowing. This can be readily achieved by inserting
a time-delay circuit between the circuits
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C and A in figs. 3 and 5, which will prolong as re-
quired the time the positive impulse is applied
to the grid of M,;. A circuit of this type is sliown
in fig.7; it has a condenser C, in parallel with the
resistance r (fig. 5) which is charged the instant

Fig. 8. Front view of apparatus.
On the left is the knob for con-
trolling the “on + off” cycle
(x+vy) which is variable be-
tween 1 and 75 periods of the
50-cycle current, and on the
right the knob for controlling
the *“on” interval (x); in the
middle at the top is a pilot
lamp, and below the switch
for the auxiliary circuits.

the valve M, becomes ignited and is discharged
slowly through the high resistance R, (a rapid
discharge of C, through r is prevented by the valve
V,). By increasing the capacity of C, (or the resis-

i 15036

Fig. 9. Interior view of apparatus. Below, the series-trans-
former (T,), on the left at the top the condensers and a step
switch. The valves are on the right hand side behind the par-
tition.

tance R,) the interval during which the grid of
M, remains positive with respect to the cathode
can be increased as required, this interval corres-
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Fig. 10. Oscillograms of the primary current: Circuit closed
for x cycles. and opened for y cycles.
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ponding to the number of cycles x the welding-current
flows. The apparatus thus has two control knobs
by means of which the capacities of C; and C,
can be varied: With C, x is adjusted and with C;
the whole sequence xy.

Returning to the complete diagram (fig. 2),
which incorporates the individual circuits shown
in figs. 3, 5 and 7, it is seen that the batteries in
the latter have been replaced by rectifiers (valves
V, and V,) which are provided with condensers
for smoothing the rectified voltage. The apparatus
is protected against the high tension of the trans-
former T, on the one hand by earthing the cathode
of M,, and on the other hand by the fuse ¥ and the
the rare gas cartridge G (fig. 2). In the event of
a short-circuit between the grid and anode of
valve M,, the cariridge G ignites and blows out
the fuse F, thus disconnecting the valve from the
rest of the circuit.

An apparatus of the type described here is shown
in figs. 8 and 9. The controls referred to above
are mounted on the front panel. Transformer T,
is accommodated in the lower part of the housing,
and the relay valves M, and the auxiliary circuits
in the top part. A number of oscillograms of the
primary current obtained with this apparatus are
reproduced in fig. 10; it is seen that there is per-
fect periodicity in the opening and closing of the
circuit in synchronism with the mains supply.
These curves also show that a wide variety of
settings can be obtained with this apparatus.

The above description brings out the many
practical advantages of a relay-valve timing cir-
cuit as compared with mechanical devices.
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FAN EXPERIMENTAL TELEVISION TRANSMITTER AND RECEIVER

By J. VAN DER MARK.

Summary, On the occasion of the erection of a television transmitter at the Philips
Laboratory, some of the main principles of modern television are discussed. The circuit
and components of a modern television transmitter and receiver are descnbed with special

reference to the Philips experimental unit.

. Principle of Television

‘The human eye is a very complex and sensitive
organ, whose optical mechanism functions briefly
as follows: The crystalline lens of the eye produces

an image of the field of view on the retina which

is made up of a very large number of minute

7 lightsensitive cells. Each of these cells through

its own nerve filament communicates to the brain
the stimulus it receives from the amount of light
falling on it, and from the sum-total of the stimuli

received by it the brain builds up thei lmage seen
by the eye. ' ’

. In the human eye Nature has provided us with
the basic prmc1ples of television fully worked out;
also in telev1smg the area of the picture to be
transmitted is- resolved into a large number of
small elements or cells -(fig. 1). Each of these
elements is given a number and the light value
of each element is _telegraphed to the receiver in
sequential order. Exactly as at the transmitter,
the picture surface at the receiver is also resolved

-into elements which are numbered in the same
" way, and each element . is given the light value

telegraphed for.its particular number. In this way
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Fig. 1 Prmc1ple of television. The surface of the picture to
be televised is resolved into a number of small elements which
are numbered in succession. The bright-ess of each individual
element is telegraphed At the receives where the plcture
surface is subdivided into similar elements each element is
given the brightness transmitted for its respective number,
so that- the received plcture exactly reproduces the orlgmal

the picture reproduced at the receiver is the same
as that transmitted by the sender.

In the eye every element of the picture in the
transmitter (cell of retina) has its. own conductor
(optic nerve filament) to the receiver (brain),

and the light values of all elements are telegraphed
simultaneously. In television this simultaneity natur-
ally cannotbe effected, as only one conductor (a'single
carrier wave) is available for all picture elements,
so that the separate light values must be tele-
graphed in succession. In consequence television
technique is rather complex, as may be exemplified
by a simple calculation. To obtain a picture of

satisfactory quality, the area of a picture mea-

suring 4X4.8 in. must. be resolved into about

40000 elements. In televising moving pictures, it

is necessary, as in cinematography, to send a suf-

ficient number of pictures per second, at least 25,

in order to produce a connective image on spec-

tator’s eye. Thus, only 1/25th of a second is avail-

ablé for the transmission of each picture, in other

words each second the light values of 25X 40000 =
1,000,000 elements of the picture must be tele-

graphed 1).

_Conversion of a Picture into a Modulated Radio

Wave. Resolutlon of the Picture mto Elements or
Cells ’

Both at the transmitter and receiver the picture
is resolved into a series of elements or cells by

“scanning” it with a beam of electrons furnished

_by a cathode ray tube. The scanning spot at which

the electronic beam strikés the surface of the
picture describes a path on this surface of the
type shown in fig. 2. This path is made up of a
series of nearly horizontal lines packed close
together, the beam passing over these lines in

1) This is aptly brought out by the following example: For
some years facsimile and picture telegraphy has enabled
pictures to be transmitted by telegraphy, the_trans-
mission of a single picture taking from 10 to 20 seconds
or even longer. In the Melbourne Air Race in October,
1934, a film was made of the arrival of the winners at
Melbourne and was transmitted to London. This short
film, which was on exhibition at London cinemas on the
same day already, took a 3/, minute to project, while the

. time of transmission from Australia.was about 6 hours.
- In television the same-transmission must he completed
in a 3/, minute. -
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succession. When the beam reaches the end of
one line, it jumps to the beginning of the nextline,
scans it in exactly the same way and so on over
the whole picture, until it arrives at the end of the
last line. Then it flies back to the beginning of the
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F1g 2. The numbering in fig. 1 is replaced by “scanmng
the picture in a definite sequence. The path of the scanning
spot shown here determines the order in which the various
elements are telegraphed.

first line and goes through the same sequence of
operations again. During scanning, the scanning
beam " measures the brightness of each element
of the picture as described in the next section.
The beam is guided along its scanning path by two
‘voltages which deflect the beam to varying degrees
simultaneously, each voltage fluctuating with

a saw-tooth voltage-time diagram as' shown in"

fig. 3. The slow voltage controls the scanning
motion in the vertical direction with a frequency
equal to the number of pictures per second, while
the fast voltage controls the motion in the horizon-
. tal direction with a frequency equal to the product
of the number of pictures per second and the number
of lines in the picture. : .
- In order to reassemble the picture at the receiver
from the elements in the same manner, as it was
resolved at the transmitter, the electron beam
.in the cathode ray tube of the receiver must at
every moment’ occupy exactly the same position
relative to the picture as the electron beam of the
. transmitter, i.e. the scanning sequence in the

receiver and transmitter must be completely syn-

chronised. This is realised by means of two distinct
types of synchronising signals which- are radiated
from the transmitter at the end of every line and
each picture respectively. We shall return to this
point later. N : »

The modulation of the light value when.scanning
a horizontal line may be regarded as equivalent
to a resolution into a definite number of elements.
If the picture is a square and has the same sharpriess
both horizontally and vertically, the number of
these elements must be equal to thevn_urnber of

'TELEVISION TRANSMITTER AND RECEIVER ' o

lines N in the whole pictnre Usually rectangular
pictures with sides in a ratio of 6:5 are televised ¥).
The total number of elements in the plcture is then
1.2 N2 The number of picture elements to be
transmitted per second, which determines the max-

t
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Fig. 3. Composmon of the two motions of the scanning beam.
A deflecting voltage with a saw-tooth time diagram controls
motion along each line (left), while a similar voltage (right)
N times slower (N being the number of lines in the picture)
controls the beam motion in such a way that it does not
incessantly scan the same line but passes along the N lines
in succession and then flies back to*its starting point again.

imum modulatmg frequency of the radio wave
required for televising the picture, is then 30 N? .
with a picture frequency of 25. In this' way very
high frequencies are soon réached. Since an alter-
nating current of p cycles per second-already cor-
responds to 2p alternations per second of light
and dark, the required modulating frequency can
be halved, so that with 180 lines the maximum
modulating frequency is 500,000 cycles and w1th
450 lines 3,000,000 cycles. :

As already stated, television signals are trans-
mitted in the same way as microphone signals in
broadcastmg by modulation of a carrier wave
whose frequency must be considerably hlgher than
the modulating frequency. For televising it is
therefore necessary to use a carrier wave in the
ultra short-wave range between 7 and 5 metres.

This very short wave, however, has a particular -
drawback. Contrary ‘to broadcasting waves . of
several 100m in length these waves do not propa:
gate along the curved surface of the earth. They
can therefore only be. received within a radius
which barely exceeds the distance at which the
transmitting aerial is still in sight of the receiving
aerial 3). To make this area as large as possible, the

2) This is the usual size ratio of sound-film pictures.

3)" Recently these waves have been detected for short inter-
vals also at greater distanccs, but reception has been so
patchy that satisfactory transmission to points beyond
the visible horizon is quite impracticable.
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aerial must be suspended from very high masts.
In the case of the transmitter at Eindhoven, the
primary aim has not been to obtain a range of
reception as large as possible; the aerial has there-
fore only been made about 150 ft. high and is fixed
to a small mast on the roof of one of the works
buildings. The Eindhoven transmitter operates on a
wave-length of about 7 m and has a maximum

output of about 400 watts; it has been designed .

for a maximum modulating frequency of. about
3,000,000 cycles and can therefore televise pictures
of the finest screen yet attained.

Conversion of Light Values into Voltages with
the Iconoscope

How are the light values, registered by the
electron beam on scanning the picture elements,
converted into a modulating voltage? The. ap-
paratus here used for this purpose, is the iconoscope
which was developed by Zworykin. It here
fulfils the same function as the human eye in the
* seeing mechanism. :

This- apparatus (fig.4) consists of a cathode
ray -tube, which, in addition to the usual hot

cathode,the anode and the deflector system in part K,

also has a photo-electric plate P prepared in a
" special manner mounted in place of the usual

fluorescent screen. The picture to be televised

is projected on to this plate by means of an ordi-

nary photégraphic lens. The whole arrangement,

comprising the iconoscope-with the attached op-
tical system for projecting the picture on the plate
*. Plate P,
which may be regarded as the retina in the eye
of the transmitter, is made of vei~y thin non-con-
ducting material (cf. fig. 4), which has a unifor-
mily-distributed mosaic of 'separate cells in the
form of drops of metal on the illuminated side.
These cells are insulated from each other and have
photoelectric surfaces. The number of these cells
is so great that several fall within the area covered
by the scanning beam. On the back the insulated
plate P is covered with a continuous conducting
layer, which with the metal cells on the upper
surface forms a corresponding number of minute

P, may be termed a “television camera’

condensers from which current can be taken at‘

the outside. -

" As soon as the scanning spot strikes a cell, the
latter acquires a negative charge from the beam
up to a certain maximum value; this means that
the associated condenser gets a definite potential.
The beam now moves onward and only returns

to .this cell again after having scanned the whole.

picture. In the meantime, the photo-electric cell
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emits photoelectrons under the action of the in-
cident light and thus looses a part of its charge,
this diminution being proportional to the light
value of the picture at the respective point. When
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Fig. 4. The iconoscope. In a cathode ray tube which contains
the usual components in part K (hot cathode, anode and de-
flection systems), the fluorescent screen is replaced by a
photo-electric plate P (the “retina”) prepared in a special way,
on to which the picture to be televised is projected.

the scanning spot again reaches the cell, the latter’s
depleted stock of electrons is immediately replenish-
ed until the same maximum charge is restored
as it possessed at the outset. At the instant this
occurs, a charging current proportional to the
brightness of the picture at this particular point
flows from the outside to the condenser. A poten-
tial is hence produced at the resistance R (fig. 4)
in the external circuit of the iconoscope which at
each instant is proportional to the light value of
the various picture elements in the sequence they
are scanned. This potential is now amplified and
serves for modulating the radiated carrier wave.
The great advantage of the iconoscope as com-
pared with other systems, such as for -instance
Nipkow’s disc, is its high sensitivity: while in
other cases the brightness of each picture element
must be measured in the extremely short period the
scanning spot is in contact with the element, in
the iconoscope the light at each such point can act
as a stimulus during the far longer period between

successive scanning moments and the effect produced

is stored as an electric charge in the individual con-
densers. Only by means of this enormous gain in
sensitivity is it at all possible to televise ordinary
daylight scenes without spotlights, etc.

Films are transmitted by a somewhat different *

process, as here a sufficient interval must be
provided to. allow for the motion of the film. To -
enable the television camera designed for out-door
scenes to be used without alteration also for films,
the film is only illuminated during the period of
the synchronising impulse at the end of each picture
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Fig. 5. Circuit diagram of television transmitter (simplified). In the top left hand

corner is the oscillator which generates the line impulses of 25 X 180 = 4500 cycles™
(with 450 lines in the picture this value would be 25 X 450 = 11250 cycles). In the
stages immediately below, this frequency is demultiplied until the picture frequency -
of 25 per second js reached. From these two types of impulses the line and picture
synchronising signals (rectangular voltage wave-form) are generated in circuits
L and B respectively, These have firstly to synchronise the two relaxation voltage
unite which control the movement of the iconoscope scanning beam, and secondly

. they are amplified in As and used for modulating the carrier wave generated by the
oscillator in the bottom right hand corner. The voltage fluctuations furnished by the
iconoscope are amplified in the video-frequency amplifier Av and also modulated - - : -
on the carrier wave. A is the last amplifier for the modulated carrier wave.

ééanning cycle. As the film also can be illuminated
with a greater light intensity according to require-
ments, the short period of illumination is not a
drawback. For the same reason, however, the ico-
noscope offers no pronounced advantage in this
case. :

The Transmitter. Synchronising Signals

We shall now briefly review the circuit and
components of the television transmitter. In the
first place the voltages for the synchronous control
of the scanning beams must be generated.

- An oscillator (in the left hand top corner of the
diagram in fig. 5) generates relaxation oscillations
of line-frequency, i.e. 25 N (thus with N = 180,
a frequency of 4500 cycles). This frequency is

" . demultiplied in successive stages until the picture

frequency of about 25 cycles is obtained. Frequency

demultiplication is very simple with relaxation

oscillations 4). ' ‘ C
The line and picture impulses %) generated do not

yet possess the voltage wave-form required for the

synchronising signals, but these signals-can be

4) The properties of relaxation oscillations, particularly
for frequency demultiplication, have for some years been
the subject of close investigation in this laboratory. Cf.e.g.
B. van der Pol, Phil. Mag. 2, 978, 1926, and B. van
der Pol and J. van der Mark, Nature 120, 363,
1927.

5) 1In televising films, the frequencies of the line and picture.

impulses generated must also be in a fixed ratio to the
frequency of the local mains supply, as in film projection
a mains-fed synchronous motor is usually employed. The
picture synchronising signal (period of illumination) must
always coincide with the moment the film is stationary.
This supplementary synchronising with the mains will
not be further discussed here.

obtained quite simply from them, exactly as they.
have to be modulated on the radiated carrier wave:
These signals are right-angled voltage impulses
of specific duration. The duration of the signal
for each line is about 5 per cent of the time required’

. for scanning a line; the synchronising signal .for
_each picture is equal to the: scanning time of .

several lines. As a result a- width of several lines
is lost at the bottom of the picture; but even if
hence say -only 170 lines are contained in the
visible picture instead of 180, we must still take
N =180 when calculating the line frequency: .-

Control of Sc’amﬂhg Beam

Each of the two synchronising signals controls -
one of the relaxation voltage units, which together

provide the components for controlling the motion

of the scanning beam as already shown in fig. 3.
Each voltage unit consists essentially of a condenser
which is charged by a constant current (thus giving
a potential which iricreases linearly with the time),"
and a discharge tube which is ignited by the corres-
ponding synchronising signal so that the condenser
is discharged (the potential rapidly drops to zero).
The potential generated is applied to the deflecting
system of the cathode ray tube and causes the
scanning beam to move to and fro in the manner
required. T

While with Nipkow’s disc, the number of lines
in the picture is invariable, as it is equal to the

"number of perforations in the disc, it is com- -

paratively simple ‘with the iconoscope to adapt
a transmitter for televising different numbers of -

.~
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lmes per picture. To do this it is only necessary

to- alter the veloclty of the component motions
of the scanning beam by adjusting the relaxation
voltage units and the synchronising signals. It is
proposed to modify the transmitter, which is now
under test, on these lines at some later date and
to carry out experiments with the various systems
of transmission. : o

In the iconoscope the photo-electric plate (the
picture surface) is at an angle to the scanning heam,

"so that the picture can be projected vertically on it
(see fig. 4). This requires certain additional cor-

rections in the relaxation voltages generated in
order to scan properly the picture with the electron
beam.

i

Amplification of the Modulated Voltage

_The small voltage fluctuations furnished by the
iconoscope must be amplified before they can be
modulated on- the -radiated carrier - wave. The

wdeo-frequency amphﬁer provided for this pur-
pose (Ay 'in fig. 5) has to perfmm a far more diffi-
cult ‘task here than the “audio- frequency am-
plifier common]y used for sound 1epr0duct10n in
broadcastmg For whlle in ‘television the ‘voltage
wave-form at the receiver must be exactly similar

‘to that at the transmltter, in bloadcastmg if we
© regard- the modulatmg voltage as resolved into all

its component frequencies (its Fourier spectrum)
the various frequencies are permltted to reach the

. loudspeaker with a larger or a smaller phase dis-

placement: in music we are unable to detect dif-
ferences .in phase. In television, however, a phase
displacement of the component frequencies would
completely destroy the original voltage wave-form
and fluff the picture received. It follows therefore
that the transit times of each frequency through

" the amplifier must be equal within certain limits.

The frequencies in question here cover a spread
from a few cycles to more than 3000000 cycles,
as already calculated above. Again in this respect
there is a radical difference to ordinary radio am-
plifiers, as in broadcasting the highest modulating

' frequencies do not exceed 5000 cycles.

By using various special.circuits it has been pos-

sible to construct amplifiers which satisfy the -

above requirements for televising 25 pictures per
second and 450 lines per picture. The voltages
amplified in this way, together with the synchron-
ising signals amplified separately by Ag in fig. 5,

" are now used for modulating the carrier wave. The
radiated signal is of the form shown in the right

hand top corner of fig. 5, where 1 corresponds to a

- line in the picture.

-

VOL. 1, No. 1

In addition to the components already mentioned
the transmitter is also equipped with a number of
auxiliary units, such as oscillographs to control
the relaxation voltages, and for further control of
the modulated voltages a receiver in which .the
radiated picture is reassembled. Sound is radiated

by a separate apparatus on an adjoining wave

length, which facilitates tuning of the receiver.

- Reference to these pomts must be dispensed w1th

here.

The receiver

In the receiver (circuit shown in fig. 6) a picture
has to be reassembled from the incoming’ signals.
This is done in a cathode ray tube B of which a
modified form has already been met with in the
television camera. The tube in the receiver is, how-
ever, of the standard form as employed in cathode
ray oscillographs, i.e. with a fluorescent screen F
on which the electron beam inscribes - the image
in the usual way. Th1s beam - is agam controlled
by two relaxation voltage units in thé same way

‘as in the transmitter,so that the light spot on the

screen describes a path as shown in fig. 2. At the
same time the intensity of ﬂuorescence is varied
by modulating the mtens1ty ‘of the scannmg beam
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Fig. 6. Circuit diagram for television receiver. The television
signals received and rectified at the receiver E are amplified
in the video-frequency amplifier Av and applied to the
control grid of the cathode ray tube B, after the synchronising
signals have been filtered out in As by means of their particular
amplitude. In the two filter circuits Z the (short) line and the
(long) picture synchronising signals are 'separatcd from each
other and passed to the respective relaxation voltage units
which control the motion of the scanning beam. The picture
is produced on the ﬂuorescent screen F.

by means of a control grid which functions in
exactly the same way as the grid in a radio valve.
The incoming picture signals are applied to the
control grid, so that the brightness of the fluorescent .
spot fluctuates with the variations in light value
registered on the original picture by the scanning
beam of the transmitter. In this way the same
picture as transmitted is reproduced on the fluores-

‘cent screen ©).

The received signals are amplified by a‘ video-

6) The cathode ray tube will shortly be the sub]ect of further
separate articles in this journal.
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frequency amplifier (Ay) similar to that used in
the transmitter. They also include the synchron-
ising signals which here have to maintain the dis-
placements of the scanning beams of the receiver
and transmitter in perfect synchronism. These
signals have been modulated on the carrier wave
in a certain manner, so that they can be separated
from the picture modulation by an amplifier (Ag)
responding to specific amplitudes only. Exactly
as in the transmitter, the saw-tooth motion of the
receiver scanning beam (fig. 3) is obtained by
means of oscillating circuits, which generate the
requisite type of relaxation oscilla’ions having a
frequency which in unconstrained vibration is
already close to the required frequency and which

TELEVISION TRANSMITTER AND RECEIVER 21

is corrected to obtain the right rhythm by the
synchronising signals which come in at regular
intervals. By using two filter circuits (Z), of which
one responds to only short potential impulses and
the other to only long impulses, the (short) line-
synchronising signals can be separated from the
(long) picture-synchronising signals and passed
separately to the corresponding relaxation voltage
units.

Receivers constructed on these principles were
evolved some time ago in this laboratory and have
operated with complete satisfaction. Fig. 7 repro-
duces two photographs of televised pictures (180
lines) which show the quality of reproduction
already here attained.

Fig. 7. Two television pictures (180 lines) produced with the new television plant at this laboratory.

a) An out-door scene (without artificial lighting).

b) A studio-portrait.
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THE LOUDSPEAKER AND SOUND-AMPLIFYING INSTALLATION ON THE T.S.S.
“NORMANDIE”

Fig. 1. Watertight loudspeakers on the fore-deck.

With the steady perfection in the efficiency of
microphones, amplifiers and loudspeakers in
recent years, sound-amplifying installations have
come more and more into favour for the transmission
of speech and music and their amplified repro-
duction without loss of naturalness.

Installations of this type have recently also been
carried out in ships. For the TSS. “Normandie”,
Philips has evolved and constructed a very com-
prehensive loudspeaker and sound-amplifying in-
stallation, a description of which will give some
idea of what has already heen achieved in this
direction.

Seventy-four distributed
throughout the vessel. These are of watertight
(fig- 1).
protected against sea-water and rain by the add-
ition of weatherboards which in no way affect

the radiation of sound.

loudspeakers are

construction where necessary

being

In the passenger saloons the loudspeakers are
installed as inconspicuously as possible; in fact
in the 1lst Class saloon it is almost impossible to
detect that the gilt rosette over the escutcheon
at the entrance hides a loudspeaker horn (fig. 2).
In the 1st Class smoking saloon, the loudspeakers
are fixed behind a lamp over the upright wall
fittings (fig. 3); in the winter garden the loud-
speaker is recessed in the wall under the clock
(fig. 4), while in the dining room the speakers are

hidden from sight in the ceiling panels. At all
points where “acoustic reaction” is likely to cause
interference (i.e. the sound radiated from a loud-
speaker can again be picked up by the transmitting
microphone) broadcasting speeches and
addresses, etc., the particular loudspeakers likely
to cause trouble can be switched off.

The loudspeaker installation on the TSS. “Nor-
mandie”” is designed for the following purposes:

when

Transmission of musical programmes by the
ship’s orchestra.

Transmission of gramophone records, e.g. organ
music for religious services in the chapel.

Transmission of speeches and news.

Transmission of radio programmes.

Transmission of religious services in the chapel
to other parts of the ship.

Transmission of orders from the bridge to the
passenger decks in the event of accident or
danger.

For the transmission of music and speech,

microphones are installed in the chapel, the st

Class dining saloon, the large 1st Class saloon, the

theatre, in the grill room and on the bridge. The

bridge microphone has precedence over all other
microphones, the captain being always in a position
to address every one of the 2000 passengers from
the bridge. Oral communications regarding landing
arrangements, explanations of delays, notices of
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festivities, etc., can now be transmitted to all
passengers from the bridge much quicker than by
the method employed hitherto of posting up notices
at various points in the vessel. Loudspeakers are
also provided on the boat deck, so that orders
and instructions can similarly be issued during
boat drill.

Should the space available in the chapel be
insufficient to accomodate the whole of the con-
gregation, arrangements can be made for the
Tourist Class passengers to remain in their saloon
and receive the service through the medium of
the loudspeakers installed there. These speakers
are connected to the microphone in the chapel
through one of the amplifiers.

The theatre which has 400 seats is not large
enough to accommodate all the First Class pass-

engers, but with the aid of the loudspeaker

Fig. 2. 1lst Class saloon, with loudspeaker built in over the
entrance.

installation it is possible to transmit theatrical

productions, musical recitals and other stage
productions to all those passengers unprovided
with seats.

The ship’s orchestra plays alternatively in the
dining room and in the grill room, both of which
are provided with microphones; the grill room can

moreover be converted for dancing. For the
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reproduction and transmission of gramophone
records, a playing desk with two turntables in a
cardan suspension is provided so that the records
remain perfectly horizontal also during the rolling
of the vessel.

To ensure maximum reliability and continuity

Fig. 3. 1st Class smoking saloon, with loudspeakers built
in over the entrance.

in the functioning of the whole equipment, all
essential components, such as the amplifiers and
the 3-kw D.C.-A.C. converters, have been dupl-
icated. In addition to the two principal amplifiers,
each of 350 watts output (the output can be
reduced to 175 watts by cutting out two of the
four last-stage valves), two smaller amplifiers,
each of 20 watts, are also provided.

The 74 loudspeakers of 6, 10 and 20 watts are
rated for 680 watts at full load. As a rule the
loudspeakers will not be run all at the same time
or all at their maximum power (the volume of each
loudspeaker can be adjusted independently); a
reduced amplifier output, e.g. 350 watts + 175
watts or 350 watts, will then prove sufficient to
feed all speakers in operation. One of the 20-watt
amplifiers is sufficient for transmitting a service
in the chapel to one of the Tourist Class or Third
Class saloons. By means of a switchboard in the
amplifier room (see fig. 5), the 40 loudspeaker
circuits terminating at the board can be connected
to the 4 amplifiers (fig. 5, b, d and e) in various
ways as required.

A simplified circuit diagram of the installation
on the TSS. “Normandie™ is shown in fig. 6.

All amplifiers have a maximum output voltage of
100 volts at normal full load. The cone coils of the
electrodynamic loudspeakers must be built for a
and these are therefore
provided with transformers to enable themr to be
connected to the standard 100-volts supply.

much lower voltage,
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Owing to the comparatively high voltage
and hence the low current intensity in the circuits,
the voltage losses remain within reasonable limits
in spite of the great length of the many conductors
required on this large vessel. A still higher voltage
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Fig. 4. Wintergarden with loudspeaker built in under the
clock.

has not been chosen on account of the risk of acci-
dents and because the capacity of the extensive cable
system might then adversely affect the quality of
reproduction.

When connecting one or more loudspeakers
to an amplifier, it is necessary to take as a basis
the principle that the rated consumption of the
loudspeakers is equal to the rated output of the
amplifier; furthermore, the total impedance of
all loudspeakers must be such that they can
actually take the output of the amplifier. To arrive
at this adaptation, a number of tappings on the
secondary winding of the output transformer may
be useful. As commercial types of loudspeakers
have very different impedance values, it may be
very difficult or even impossible in some circum-
stances to obtain the required total impedance
by merely connecting the loudspeakers in series
or parallel. Frequently a number of loudspeakers
are connected in series in order to avoid excessive
current intensities and voltage losses, In power
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current practice complicated circuits of this type
have long been abandoned, and it is now the
practice to provide a constant voltage supply
to which only apparatus rated for this specific
supply voltage are connected in parallel.

This method has also been adopted by Philips
for sound-amplifying installations. The amplifiers
at complete modulation (i.e. at the highest possible
voltage of the signal to be amplified) and on full
load furnish an output of 100 volts. As already
pointed out above, the loudspeakers are provided
with transformers with ratios of transformation
such that on connection to a 100-volt input the
power absorbed is equal to that rated power for
which the loudspeakers are built.

Thus it is unnecessary to sum the reciprocal
values of the loudspeaker impedances, which
constitute the load, in order to obtain the total
impedance determining the correct adaptation.
The problem of correct adaptation is now easier to
deal with. For if the total rated consumption of
the loudspeakers, which individually may have
very different consumption ratings, is made equal
to the rated output of the amplifier, one is
assured that the amplifier will really give this
output.

If the rated output of the amplifier is slightly
exceeded by the rated consumption of the loud-
speakers, this will not cause any appreciable

Fig. 5. Amplifier room.

a) Switchboard for the microphone circuits

b) Two 20-W amplifiers with impedance matching boxes
below

¢) Switchboard for the loudspeaker circuits
d) and e) Two 350 W amplifiers,

reduction in the éutput of the amplifier. Heavy
overloading of the amplifier is however undesirable,
since inter alia the voltage drop resulting there-
from is frequently accompanied by an increase
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in the current intensity, which in the long run may
e.g. damage the end-stage valves. On the other hand,
there is no objection to a subnormal load, as long
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Fig. 7. Voltage curves of the ampllﬁer as a function of
the rated power consumption of the connected loudspeakers.
The line A-B is for the 350-W amplifier at full output, and
A-C for the same amplifier when set for supply of half the
power.
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as the voltage does mot rise too much that the
loudspeakers become overloaded

In installations of this type where a ﬂuctuatmg
load has to be dealt with, the output voltage must

not be too closely dependent on the load. This -

requirement is met by the Philips 350-watt am-
plifier as may be seen from fig. 7 where the voltage
is 'pldtted against the power consumption ‘of the
connected loudspeakers. On no-load thé voltage

" does not exceed 123 volts, which can do no halm

to the Philips loudspeakers. In practice it is very

. unlikely that on e loudspeaker only will be con-

nected to the 350-watt amplifier; besides, the over-
load of the loudspeaker implied in this case’ will
be audible only. at the loudest passages of the
music.

The permissible maximum load on the ampliﬁer’
is shown in ﬁg 7 by the points B and Crespectlvely
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HOW DOFES A WELDING ELECTRODE FUSE ?

By J. SACK.

If an arc-welder is asked what he thinks of two
particular welding electrodes, he \;’111 usually
answer that one welds better than the other. The
ease or dlﬂ'lculty of welding is closely associated
with the conditions of fusion at the end of the
electrode. In this article it is not intended to give

‘a complete explanation of the conditions of fusion

~ of an electrode, since many aspects of the problem
are still obscure and form the subject of current
research. Reference here will be limited to a few
of the more oommon methods of investigation now
being employed for studying this problem.

The fusion of a welding electrode cannot be
 followed in detail with unprotected eyes
merely screened against glare by coloured.glasses;

“in fact the formation of drops of metal is only
" just distinguishable with electrodes which melt

slowly and form large drops. The drops are seen

to grow, and at the moment of coming into con-
tact with the molten metal in the pool, they
become detached from the electrode and merge
into ‘the: pool. The currents of gas and vapour at

. the arc and theif dazzlmg hght are very troublesome
when observatlons are made with the naked eye.
+ Observation " is_* facilitated by projecting . an
enlarged. i image of the arc on to a projection
's'oreen 4 method used by Creedy?) in his
1nvest1gatlons on the influence of the electromagn-
etic forces on drop formation. It has been found
that by a considerable reduction in the welding
current, the rate. of. drop-formation can be decr-
eased so ‘much that the process can be followed on
“the screen. On the other hand, the fusion process
at’ these ‘low current intensities of, say,-5 amps,

differs fundamentally from that obtained at normal

currents, e.g- 150 amps. In the former case the
drops detach themselves from the electrode in the
same way as.water drips from a tap, while in the

~latter case the drops disappear very suddenly .

with a more or less loud click. This observation
.was made in mvestlgatlons ‘with bare electrodes.

The registration of weldmg .conditions on ‘a
photographic fil m, and in ‘particular-by means
ofa slow-motion cine- camera, has constltuted
a marked advance in these mvestlgatlons If an
ordinary type of film is used, the interesting part

1) F. Cieedy, R. O. Lerch, P. W. Seal, E. P. Sordon:
Forces of electric origin in the iron arc, (Abstract A.LE.E.
- Paper Nr. 32—41). Electrical Engineering 51, 49, 1932,

_emanating from the

of the process, i.e. the formation and separation
of the metal drops is completely masked by the
arc. The Chicago Steel and Wire Co 2) has there- - .
fore made use of a special infrared sensitive film’
and a filter only permitting the passage of infra-
red (thermal) radiation. These rays are mainly -
glowing metal and the

.incandescent gases and are able to penetrate

through the cloud of vapour surrounding the arc.
Pictures were taken at the rate of 60 ‘exposures
per second, which on projecting at the rate of
20 pictures per second gave a threefold slowing-
down of the actual process. This method for the
first time revealed photographically the transfer
of material during welding and was applied to all
types of bare and coated electrodes. In particular
the influence of the chemical composition and the
physical properties of the c¢ore and coating was
studied. "
A short time later Hllp ert?) in Germany
also made film records of the welding arc. His
apparatus constructed by Thun took 800 pictures
per sccond and thiis gave a 40- fold expanslon of
the actual time of welding. Precautions to cut out
the intense glare were, however, omitted, with the
result that the liéht- rays from the arc strongly
predominated and the drop-transfer could hardly
be followed. Nevertheless these. records have been
useful. They showed that even with a 40-fold
retardation, the arc still moved to and fro very
quickly. -The number of pictures per second was
therefore further increased to a maximum of 4000,
and the arc and the ambient region no longer
registered by means of the intrinsic - light but as a
silhouette obtained with a more powerful source
of light. With these modifications the transfer of
material with bare electrodes was studied. In
addition to photographic registration, the welding
current, the welding voltage and as a time standard
an A.C. voltage of 50 cycles were also recorded by
means of an oscillograph. In films made at the
rate of about 1600 to 2400 pictures per second,
corresponding to.a slowing down of 80 to 120

times, two types of drop transfer were observed,

Viz.;

’

) Cf. XK. Bung: Der Werkstoffuberganp; im elektrischen
Schwelsshchtbogen Zeitschrift des V.D.I. 72, 750, 1928. -

%) A. Hilpert: Werkstoffiibergang
bogen. Zeitschrift des V.D.I. 73, 798, 1929.

im Schweisslicht- . -
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1. a thread-shaped transfer, which may be com-
pared to a narrow stream of metal being poured
from the molten end of the electrode on to the
piece of work, and

2. a mushroom-shaped transfer where a very
thick drop of irregular shape moves to and fro
and seems to be reluctant to combine with the
piece of work.

The French investigator L. Bull?), also took
of the
welding arc. Using heavily-coated electrodes and
taking 60 to 80 pictures per second, he observed
the rapid transfer of spherical drops without any

cinematograph pictures silhouettes of

short-circuit occurring, such as was usually

observed with bare and thinly-coated electrodes.
These pictures were taken with solar rays, a
heliostat being employed to direct a powerful ray
of sunlight on to the object being photographed.

From these methods of direct observation of

the welding process, we shall turntothe indirect
methods which have been devised for the same
purpose. First of all the method mentioned above
of registrating the welding current and voltage as

) Cf. M. Lebrun: La soudure électrique a I'arc et ses

applications (1931), p. 39-44.
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a function of the time by means of the oscillograph
should be considered. A short-circuit on drop-
transfer is indicated in the oscillogram as a voltage
drop to nearly zero and an increase of the current
to the short-circuit value. We are primarily int-
erested in the instant the short-circuit occurs and
how long this condition lasts. This information
is not only of value as regards the behaviour of the
electrodes, but principally as an indication of the
efficiency of the welding aggregate as a whole. To
this end oscillograms have been employed to
determine the intensity of the current-impulses
and the speed of adaptation of the welding set
to variations of arc length.

As already mentioned the oscillograms show
that in general two periods have to be distinguished
viz.,

[. thearc-period B, during which theare burns, and
2. the short-circuit-period K.

If the total time of the drop-period is T, (i.e. T =
B + K), it will be interesting to know the ratio
B:T or K:T, either as a fuction of the time or as
an average over a certain lapse of time. A circuit
where a meter indicates and registers the ratio

177

176

175

174

173

Film exposures recorded by the X-ray cine-camera (cf. p. 29)
The pictures must always be read from bottom to top.

Fig. 1. Drop-transfer. The drop is completely enclosed by
coating material.

Fig. 2. The melting point of the metal core and the softening
range of the coating must he adapted to each other so that
on fusion a sleeve is formed (see fig. 10).

Fig. 3. After contracting (picture 173) an elongated drop
(picture 174) is formed which moves to and fro (picture 175)
and is eventually transferred to the piece of work (picture 176).
Fig. 4. A metal drop is thrown back to the welding electrode.
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106

105

104

103

102

Fig. 5. Gas bubble in the coating (picture 90); 0,02 second
later the gas bubble has burst (picture 91). In pictures 92
and 93, the material of the coating appears to “neck” the
coating drop.

Fig. 6. A coated drop becomes detached from the welding
clectrode: during its descent the drop explodes (picture 104).

B:T was used by F1amm?), and afterwards by
Bela Ronay?®), who called his apparatus an
“arcronograph”. It was found that with heavily-
coated electrodes the ratio B:T was nearly equal
to unity, in other words that the drops during
transfer produce no short-circuit (K:T = 0). This
result confirms the film records obtained by Bull.

Finally, reference must also be made to those
methods of investigation which cannot be called
either direct or indirect methods. We shall group
these under the general head of model ex-
periments, as a model is made of that part
of the welding process which it is desired to study
in greater detail.

A typical example of this class is given by the
experiments of F'lam m7), who studied the for-
mation and transfer of drops and the capillary
forces accompanying these processes by using oil
as a medium. From his observations he drew

&) P. Flamm: Messmethoden und Messungen bei der
elektrischen Lichtbogenschweissung.
Die Elektroschweissung 3, 50, 1932.

% Belau Ronuay: Evolution of the Arcronograph. ..
Aaner. Soc. Nav. Eng. 46, 285, 1934.

7) P. Flamm: Die elektrische Lichthogenschweissung als

Kapillarvorgang. Die Schmelzschweissung 9, 105 and 162,
1930.
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Fig. 1. 121/, pictures per second. Over the whole surface of
the sleeve the coating fuses into droplets. Core and eoating
are difficult to distinguish.

Fig. 8. 121/, pictures per second. Thinly-coated electrode.
The drop falls and causes a short-circuit. The bulk of the
molten metal flows into the welding seam.

varions conclusions regarding the transfer of
material during welding.

The investigations of Do an and his collabor-
ators &) also come under this head: they consisted
in welding on a continuously-moving band so that
successive drops were collected separately. The
same applies to the experiments already described

at the beginning of this article 1), where the period

Fig. 9. X-ray eine-camera for taking 50 pictures per second,
with cover removed.

8) Gilbert E. Doan and J. Murray W eed: Metal
disposition in electric arc welding. Electrical Engineering

51, 852, 1932.
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of drop-fofmation was extended by .employing

very small ciurents, and the eXperiments of

Ronay?% -in. which the clectlode was fused

against ‘a carbon base.

x

A method has 1-ecently ‘been developed at_the
Phﬂips Labpratory 9) to make _mdiographic film

Fig. 10. Diagrammatic sketch of drop transfer from the
welding clectrode to the workpiece (cross-sectional view):
1 core, 2 coating of the welding clecetrode, 3 sleeve; 4 drop
enclosed by coating material, 5 piece of work, 6 bead, 7 pool.

%) J. S ack: The Iron and Steel Institute. Symposium on the
welding of iron and steel, London 1935, Vol. 2, p. 553.
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‘pictures of the transfer of material. The welding
process is recorded with X-rays on a _special X-ray-

sensitive film; if the X-ray tube is run on a suitable
voltage it is found that the core and coating of the
electrode - can. be  readily distinguished - on the
radiograph, the method thus” being of special
value with coated electrodes. But also for bare
electrodes the method presents advantages, as'the
gas and vapour clouds surrounding the arc can be
completely penetrated by the 'X-'rays and " are

hence not reproduced:on the film. This enhances

the clearness of - reproduction.
- The- first pictures were made with an ordinary
amateur cine-camera which " was- reconstlucted

for X-ray exposures. With this unit 121/2 pictures .

per second could be taken on.an X-ray-sensitive

film, Subsequent pictures were made. with, an -

X-ray cine-camera - (fig. 9) spemally de51gned for
this purpose and with which 50 pictures per second
(slow-motion film) could be obtained. Fig. 1_0

gives a schematical representation. of the drop-

transfer; the reproductions. fig. 1-8 shown"above

.

are parts of the film and show various stages’

dunng the dropstransfer.

P

PRACTICAL APPLICATIONS OF X- RAYS FOR THE EXAMINATION OF
MATERIALS )

L.

Introduction

The successful applic.é;tion of X-rays to ‘the

technical examination of materials does mot by

any means require a fundamental theoretical

knowledge of the laws of crystallography and
physics, such as is essential for an exhaustive
scientific investigation. X-ray methods have there-
fore become very useful aids for testing materials
and enable valuable results to be obtained also
in cases where other means of examination do

4

1) In this section we propose to discuss applications of
- the socalled interference method only, in which diffraction
of the X-rays takes place at the atoms of the radiographed
material. No consideration will be given to the absorption

method by which structural flaws and other internal

abnormalities of a material can be deduced from dif-
ferences in the absorption of the rays.

By W. G. BURGERS.

not succeed. In the modern labotéti)ry, in res-
earches concerned with the structure of matter,
an apparatus for taking X-ray diffraction patterns
is nowadays as indispensable as the microscope.

It is obvious that satisfactory results cannot be
expected without suitable apparatus, which com-
prise a high-tension generator, an X-ray tube and
an X-ray camera. During recent years, X-ray

diffraction apparatus have been evolved which-

are no more difficult to manipulate’ than the
ordinary microscope. The adjoining picture (fig.1I)
shows the apparatus "employed -in - the Philips

laboratory for registering diffraction patterns. The -

base of this apparatus has a diameter of 10-in. -

the overall helght being 2.5 ft. It is run dnectly
off the altematmg-current mains,

=iy, CERR RS
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It is obvious that satisfactory results cannot be
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The use of this apparatus is quite simple in the
majority of its applications. The actual camera
is merely a cylindrical box on the inside wall of
which the photographic film is secured by springs
(in fig. 1 a camera is seen on either side of the
X-ray tube); a diagrammatic sketch of the arrang-

Fig. 1. Apparatus for taking X-ray diffraction patterns.

ement is shown in fig. 2. In the middle of the
camera top is the specimen holder which can be
rotated about its axis and at the end of which
the specimen P is secured. The material to be
examined should be pulverised if possible and a
lit:le of the powder (a few tenths of a gram suffice,
the small quantity required being in fact one of
the main advantages of the X-ray method) placed
in a thin-walled glass capillary with a diameter of
about 7 mm. The X-rays pass through a small
metal tube B (diaphragm) inserted in the cylinder
wall of the camera and impinge on the prepared
specimen, where they are dispersed and produce
a series of characteristic interference lines on the
film F.

If the material cannot or must not be pulverised,
a different arrangement is used. Thus if the test-
pieces are of larger size, they can be secured to the
base of the camera with wax so that the X-rays
just graze them. Other models of camera with a
flat film can also be employed.

With the aid of this handy and portable appar-
atus it is quite simple to extend the application
of X-ray analysis from the laboratory to the
work-shop. It is, however, not generally recognised
that in practice many cases occur which are

VOL. 1, No. 1

particularly suitable for the successful application
of this method of analysis, as for instance where
definite information is sought on specific points
without extensive and complicated investigation.
Information of this character can frequently be
obtained with surprising simplicity and great
accuracy from X-ray diagrams. The diffraction
patterns do not require careful measurement nor
have complicated theories to be applied; simple
inspection is enough, provided a certain amount
of experience has been acquired. It is evident that
a series of diagrams for a number of commonly
occurring materials is very useful for comparison
purposes and as a guide in this work.

That up to the present the X-ray diffraction
method is applied to practical problems in a
limited number of cases only, is probably due to
the fact that, on the one hand radiologists have
not come in contact with these problems, and,
on the other hand investigators employed in the
practical testing of materials have not yet fully
realised the potentialities of X-rays in their work.
Only as a result of a more intense exchange of
views and experience will X-ray diffraction methods
and apparatus acquire the general application in
industrial practice which their practical utility
merits.

To contribute to the wider adoption of this
method is the purpose of this section, in which
we propose to publish periodically examples of

75048

Fig. 2. Camera for obtaining X-ray diffraction patterns. The
arrow denotes the entrant direction of the rays emitted by
the X-ray tube. D is a diaphragm for producing a narrow
pencil of rays, P is the specimen attached to the rotatable
holder, F the strip of film clamped to the inner wall. The
camera has an aperture at O for the ecmergence of those X-rays
which are not diffracted, in order to prevent disturbing
interferences. For the same purpose a hole is cut in the film
at this point.

applications and results achieved in this laboratory.
We shall intentionally limit ourselves to the dis-
cussion of problems and cases in which mere
inspection of the diffraction patterns is sufficient
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to give the desired result. Problems, whether of a
practical nature or not, which necessitate a more
fundamental examination will not be embraced
in this section.

The examples 2) to follow will demonstrate the
manifold applications of X-ray analysis in practice.

1. Comparison of Porcelains

To determine whether a new porcelain mixture
was identical with an existing one, diffraction
patterns were obtained for different specimens.
Fig. 3a reproduces the pattern obtained with
the new mixture before firing and fig. 3b the same

15067

Fig. 3. Comparison of porcelain mixtures.
a) New mixture before firing
b) New mixture after firing
¢) Existing porcelain mixture

mixture after firing; fig. 3¢ shows the pattern
obtained with an existing porcelain. The distances
between the lines in fig. 3b differ from those
in fig. 3a, thus indicating that a structural change
has taken place during firing, while on the other
hand the exact agreement between the lines in
figs. 3b and 3c shows that the fired product is
identical with that already known.

2. Identification of Surface Film on Steel Balls

Steel balls which had been in rolling contact
with brass bushes gradually acquired a dark surface
film, which evidently was extremely thin and
adhered tenaciously to the steel surface.

2) The majority of these investigations were carried out
in collaboration with M. F. M. Jacobs.
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It was required to establish the nature of this
film without in any way treating the balls either
chemically or mechanically. The X-ray patterns
for a new steel ball (a) and two balls (b and c¢)
which had been in use for increasing times are
reproduced in fig. 4; the photographs were obtained
by means of radiations just grazing the spherical
surface 3).

While the pattern for an unused ball contains
only lines due to .c-iron (fig. 4a), another group

75068

Fig. 4. Identification of a surface film on steel balls,
a) New steel ball before use
b) and c¢) Steel ball after increasing periods of service
d) Copper

of lines is seen to become gradually more and
more apparent as the period of service increases
(fig. 4b and c¢). Simple comparison with a diagram
obtained for copper (fig. 4d) shows that the balls
are covered with a thin film of copper.

It may also be concluded from the coaustant
distance between the iron lines in all three diagrams,
a to c, that the copper film on the balls has not
penetrated into the steel with the formation of a
solid solution, as otherwise the iron lines would
veveal a displacement.

3). The different appearance of fig. 4 and fig. 3 is due to
the fact that a different method of registration was used.
The essential characteristic is the relative position of ‘the
lines.
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No. 1030:

E.J.W.Verwey, Ionenadsorpton
und Austausch (Kolloid-Zeitschrift
72, 187-192, August 1935).

Adsorption phenomena in eleetrolytes may be
reduced to thrée fundamental processes:

a. The adsorption of ions which determine the

' potential of the double layer;

b. The interchange of oppositely-charged mobile
ions in the double layer (“counterions);

¢. True adsorption of an electrolyte.'

It is shown on the basis of ion interchange in
the erystal lattice observed by Kolthoff
that these processes are frequently inter-related
in a complex manner. The mechanism of “adsorpt-
ion indicators” is also discussed in soine detail.

o b 1Y . IS IS < A .
The authlior shows in conclusion that there is a.

- systematic error in precipitation titrations” where
the equivalence pomt is_taken as the end point.
The practical’ ut111ty of these t1t1at10n methods
is however not: advelsely aﬂ'ected by thls

s A.-

M. . . O St1utt, Anode bend
detectlon (PIOC ‘Institute of Radio
Engmeers 23 945 957 *August 1935.)

The anode dirdet Gurtent is as & functlon of the
"grid potential expressed as-a series. which enables
‘the characteristics” of certam modem _commercial
valves to be gccurately represented by no more
than three terms The,,prmmpal advantage of this
form, of expressmn is- that the rectification gradient
and the distortion eﬂ'eets can be calculated exactly
from the static valve cha1 acterlstlcs ‘Certain general
conclusions are also drawn' 1egardmg ‘the rectific-

No. 1031:

ation of various incoming waves. Results’ of meas-

urement and calculation are. in very‘good agreement:

No. 1032*:
potentlaalvergeh]klng en- golfverge-
llemg in. n, n-|—l n+2... . dimensies
(Handelmgen van het- XXV Ned.

- Nat.- en Geneesk Congles, 1935).

The fact that a small ‘rotation of a potential
" or wave function gives rise* to another potential

>

B~ van de1 Pol, Oplossmgr van

or wave function can be employed to derive
functions for an n-4-1 dimensional space from
functlons in n dimensions. Simple derivation and

extension of the general solution’ according to
Whittakenr.

No. 1033*: C. G. A. von Lindern, Mag-
netrons (Handelingen van het XXV
'Ned. Nat.- en Geneesk. Congres,

1935).

With rotating field oscillations described by
Nordlohne and Posthumus, the high-
frequency radiation energy generated is considerably
greater than with the two earlier known types of
oscillations of the magnetrons valve. With a wave
length of 100 cin both theory and cxperlment
give an cfflcwncy of 65 percent.

No. 1034*:

H Bru winin g Secundaire elec- -
tronenemissie (Handelingen van het
XXV Ned. Nat.- en Geneesk. Congres,
1935)."

The depths from which secondary electrons are
emitted from metal surfaces. -are ‘investigated and
it is found that these electrons are not derived from .
the upper"atomic layer but from those at a greater

“depth. Electrons which graze a smooth metal

surface cause the emission ‘of more secondary

“electrons from this surface than obtained on ve1t1ca1‘_

incidence, as the secondary elec rons emitted have

freer access to the surface.

No. 1035*: W.de Groot, Aard en meting van
_straling (Handelingen van het. XXV

. Ned. Nat.- en Geneesk. Congres,
1935).

This paper, which was read at a joint meeting of
physicists and medical men, deals mainly with
the nature and properties of electromagnetic

- radiations throughout the whole known .range
“of wavelengths. At the end of the paper reference

is also made. to the latest work on corpuscular»

" radiations.
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THE PRODUCTION OF SHARP FLUORESCENT SPOTS IN CATHODE RAY TUBES

Summary. The problem of producing sharply-delined light spots on a fluorescent screen
with the aid of a beam of electrons is studied in this article, use heing made as far as
practicable of the analogy between light-rays and the cathode rays.

Introduction in this introductory article to review the principies
During recent years, the cathode ray (or Braun) g(?verning the construction and method of operation
; < s : of the cathode ray tube.
tube which was originally only employed for ¢
physical experiments has been adapted to permit
of its use for various technical purposes. The
earliest use of the cathode ray tube was in the
cathode-ray oscillograph in which the motion of
a sharp spot of light on a fluorescent screen was
studied. The television apparatus, which has already
been described in the first number of this Review 1)
is one of the latest applications of the cathode ray
tube. In this apparatus the image is produced on
the fluorescent screen by causing a spot of light
(or scanning beam), whose intensity is subject to
rapid fluctuations, to travel at great speed over the
whole picture-surface. A third important application
of the cathode ray tube is the electron microscope
in which the cathode ray throws an cnlarged image
of the hot cathode surface on the fluorescent screen.
Fig. 1 reproduces a series of photographs of the
crystal structure of a cathode surface, which were
obtained by Dr. W. G. Burgers with the aid of
an electron microscope.
In the various applications of the cathode ray
tube, the specific requirements were such as to
necessitate a closer investigation and improvements

of various details. It appears desirable, therefove,
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Fig. 1. Series of pictures ol a cathode surface produeed by
') Philips techn. Rev. 1, 16, 1936 cathode rays (magnification 15 times).
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g, 2 shows the ‘construction of a gasﬁlled
cathode ray.tube of very simple design. The hot

-cathode K is surrounded by the cylinder C, which

is glven a negative bias of such magmtude that

T 15264

Fig. 2. Diagrammatic sketch of 4 gas- -filled cathode ray tube.
K = cathode. F = leading-in wires. C = Wehnelt cylinder.
A = anode. P; and P, = deflecting plates. S = screen.

.

owing to attraction by the gas ions the electrons

emitted from- the cathode are focussed assfar as
possible to a single point (fig. 3). If a potential

P
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Flg 3. Image of the cathode obtained with the aid of the
Wehnelt cylinder C. Owing to the electric field of C and the
~ attraction of the gas ions the electrons emitted by the ¢athode:

are concentrated on a point of the axis formmg an image
of the cathode.

diﬁ'erer}zce is applied to the pair of plates P, and P,,

-the beam of electrons 'is. deflected.” Owing to the

small rout-time of the electrons from the cathode
to the screen, the beam of electrons can respond
to electrical oscillations much more quickly than
mechanical oscillographs. Only at frequencies higher
than 10® per sec (i.e..at a wavelength of less than

:3m) in high vacuum tubes the cathode ray does no
‘longer follow the nnpressed OSClllathIlS

Although the cylinder C (fig. 2) is quite effective
for focussing the beam of  electrons in gasfilled
tubes, sharply -defined cathode 1mages can indeed
only be obtained with the. aid of more complex
electrical arrangements. This is the only successful
method in high-vacuum’ tubes. To visualise clearly
the method of operation of 'such additional electric
fields, we will’ discuss the electrical system' by
analogy with optical systems. We therefore also
speak of electron lenses, etc.. .

The path of light:rays in geometrical optics is
governed by Fermat’s principle, according to
which the path of these rays between two points
is such that the time for passing from one point

to the other is a minimum. In a medium with a.
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refractive index n, the velocity of liéht “is ¢fn,
where ¢ is the speed of light in vacuo. Fermats’

‘principle may be expressed mathematlcally as

follows:

[dz

" In order to describe the path of a l')eém’df
electrons, we must start from the fundamental
laws of point mechanics. These laws may be
summarised in the principle of minimum action,
according " to which the space-integral of the
product of the mass m and the velocity v (mv =
impulse p) between any two points of the space
traversed is smaller for the actual path taken than
for any other conceivable path terminating at the
same two points with the same velocities. It is
presupposed here that the ve]omty of the body at -
every point in its path is as great as requu:ed by
the energy theorem. We thus obtain the following
condition for a minimum: -

fp ds = mfv ds = minimum . . (2)

Comparmg equations (l) and (2), it is seen that
the velocity v of the electrons in electronic optics
plays exactly. the same part as the refractive index

o !
2, s

[ —ds = —::— j ' n ds = mimgmum (1)

" n in geometrical optics. If, with the aid of. metal

lattices, lenticular areas in cathode ray tubes

-(fig. 4) are raised by a constant amount of potential

above the surrounding space, the ‘electrons will

Fig. 4. Electronic lens of wire lattice. K = cathode B =

image. The wire lattices are electrical double layers. At the
small distance between them the electrons are much acceler-
ated or retarded; outside and inside the electron lens their
velocity is a constant.

travel within such areas at greater velocities than
outside them. The velocity within the electron lens

is determined by the potential différence. the

electrons passed through:

ot F

v, 1 :

cV—I——mv2= const.
V. being the potentlal and e, m?) and v respectively
the charge, the mass and the velocity of the electron.

The lenticular area thus acts on the electrons in-
an analogous way to an ordinary optlcal lens.
D) ¢=47710"e 5.0
-9.10% gr. .

m =
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The practical production of lenses by means of

: wue lattices has, however, certain disadvantages -

‘a8 the electrons are scattered at the 1att1ce wues

Immersion Systems for Electrons =~ . -

Of an efficient cathode ray tube it is not only
xequired that the image of the cathode on the
fluorescent screen shall be as small as possﬂ)le, but
also that the optical system and the screen’ shall
be sufficiently far apart (fig. 2) This large inter-
vening distance is hecessary so that the fauly small
angular deflections, which the pair of plates P, and
_ P, impart to the beam of electrons, are rendered
visible on the screen on a magnified scale. On the
fluorescent” screen we thus ‘obtain an nnage 0’ of

small area as well as a beam of small angle 2'..

On the othe1 hand, to obtain a sufficient intensity
it-is™ necessary to make the area of the cathode O
as well as the angle of emission Q of the e1ectron
beam as large as possible.

- According to a theorem in geometrical optics, thé
product of the area O, the angle Q2 of the beam and

. the square of the refractive index n? is the same .

for both i image and object, thus:
0.2

* A corresponding formula also applies’ in electronic
optics; except that the refractive index n is replaced
by the velocity v of the electrons. The requirements
to be met by the cathode ray tube set forth in the

‘previous section can obviously only be satisfied if

. the electrons . striking the screen have a much

+

- ’ 4" 270

Fig. 5. Electrostatic field,of an immersion Asystem for electrons,
It can be deduced from the shape of the lines of force that
the electrons’ moving from left to right are accelerated; so
they pass throngh the aperture of the anode at a high velocity.

‘greater velocity than those leaving the cathode.
In “optics, systems in which the object and image
- are embedded in media with different refractive
indices are termed immersion systems. The same
nomenclature may be applied in electronic optics
" to systems in which the velocities of the electrons

of electric fields with a rotational

W= 00t .Jim‘

Magnetic Electron Lenses

SHARP -FLUORESCENT .SPOTS. IN CATHODE RAY TUBES . ’ 3

at the cathode and at the screen are not the same.
For light rays the refractive indices vary only

between 1 and 2; with cathode rays, however, .

any desired ratio between the velocities  corres-

~ponding to the refractive indices, can be obtained

by accelerating the e1ectrons sufficiently. In this’
way both the angle of the beam and the image of

_the cathode can be made as small as desired.

The beam of electrons is focussed’” by means
symmetry
instead of by wire lattices. An example of this is
shown in fig. 5. The focussing action of such electric -

fields can be readily deduced from the configuration

of the lines of force. Fig. 6 shows the arrangement

Ea : -
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Fig. 6. Arrangement of an electronic lens in the Plnhps
3951/3952 cathode ray tube Lines of force: — — —— — 5

eqmpotentlal surfuces —_———.— path of electrons:

of the electromc lenses in ‘the Philips 3951/3902
cathode ray tubes. The Wehnelt cylinder is provided
with 4 metal plate which has a small aperture just
in front of the hot cathode. Owing to the negative
bias of the Wehnelt cylinder, the beam of electrons
on admission into the first.anode cylinder is already -
subject to prehmmary focussing: The electric field
between the two anode cylinders ensures accurate
concentration of the electron beam.

%

Besides electrical systems, magnetic systems such

‘as a homogeneous magnetic field with. the same

direction as the electron beain, can also be employed
for focussing the cathode ray. For the action of such
a magnetic field there is no optical analogy. If a

: shghtly divergent beam of electrons travels in the

longitudinal direction of a magnetic field, the
electrons are deflected by Lorentz forces which are

: perpen(hculal to the direction of motion of the

electrons and to the magnetic field. Under the
action of these Lorentz forces, the electrons describe
elongated spiral paths whose axes are in the .
direction of the magnetic field. As these spiral paths
(fig. 7) all have the same pitch, the electron beam
is concentrated to a single focus.

We shall analyse this process in greater detail.
Take an electron with a velocity v which makes
a small angle ¢ with the direction of the magnetic
field, so that the radial component of the velocity
is v sin a, while the axial component is almost
equal to v. The projection;of the path of the electron
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on a surface perpendicular to the axis of "the

magnetic- field is then a circle of radius r: The-

centripetal force . - Lo
' m v? sin%a’ :
. . o
required to produce this motion is provided by the
magnetic field H, which is therefore equal to
H (efc) v sina (c is the velocity of light). This
gives the radius of the cire]e as:

cernv 'si'nd L (4)

. r =
The radii of the circles are thereforé proportional
to the velocities of the electrons v and inversely
proportional to the magnetic field strength H.

At a given neld-strength, all circular paths will
be described in the same time, viz:

2ar mc
1= ——— = 2m'—% .- . (5)

v sina . eH
Duung this time " of motlon the electlons w111
traverse the same dlstance s in an ax1a1 dJrectlon.

o “'s—-—vt—2nw R ()]

eH

The  spiral” paths thus all have the same pltch

(Gg.7). SR
Wlth magnetlc focusslng ve1y good 1esults are

Q/

Loy
ST . N
~ao_ /
* -~
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Fig. 7. Spiral paths ‘described by electrons i in a homogeneous
magnetlc field. The cylindrical surfaces enclosing these spiral
paths "are shown-solid for the sake of-elucidation. The axis
of the system is the’ common- generator of all cylinders.

- « .

obtained; It is also used in the electron microscope
with which the photographs of fig.'1 were made.

Dlstortlon of the unage

As a rule hght rays of different colours are
refracted to different degrees at "the surfaces
bounding two media, so that two rays of light of
different colours coming from the same point are
usuallsr not focussed in exact coincidence, and so-

called chromatic aberration is obtained. The

corresponding distortion in electronic optics is
obtained with non-homogeneous ‘beams, a beam
l)eiug defined as mnon-homogeneous . when .. the
constltuent electrons have different velocities and
are therefore deflected to different degrees in the

electric field. The electrons being emitted by the
cathode with wvarious velocities, the electron beam
is always non-homogeneous. The difference between
the velocities of the electrons can, however, be kept

within sufficiently narrow limits by accelerating the

electrons already close to the cathode to such a
degree that their velocity is large compared with
different emission velocities. _
_ If in geometrical optics the apertures through
which the ray passes are not made too small, then
the rays emitted from one point in the axis will

be combined at different points according as they

travel close to the axis or make a large angle with
it. Distortion of the image due to this factor is
termed spherical aberration. The corresponding
analogy in electronic optics is the aberration of
homogeneous beams of electrons with a finite angle

. of emission, but in practice such distortion is small

as the apertures employed are not very large.

If a plane perpendicular to the axis appears as
a curved surface in the image, we have what is
called curv111nea1 dlstortlon, which is of little
trouble in electronié optics as we are dealing with -

" beams of great depth of definition (cf. the section

of _space- charge phenomena, fig. 10) in which the
surface of the ‘image does not occupy a stnctly

'deﬁned p051tlon. :

A beam of light- rays whlch does not tlavel
parallel to the axis of the lens will : as a rule n01
be concentrated at a focus, but along two foca]

- lines perpendicular to ‘each other and perpendlcular
1o the axis of the lens at different distances from
-~ the lens.. This form of distortion is termed the

astlgmatlsm of inclined beams. In optical
systems not acculately centred ‘astigmatic

- distortion of heams parallel to the axis

also occurs. In electromc optics this phenomenon
may be very troublesome, for the beam of electrons
here glves riSe totwolines perpendiculartoeach other,

. which are thrown on the screen at different poten-

tials. To obtain sharply-defined images astigma-
tic distortion must therefore be kept as small as
possible. It has been found that the deviations from
rotational symmetry and the error in centring the
cathode and the Wehnelt' cylinder must not exceed
0.01 mm. In other parts of the optical system the

dimensions .in question .are greater, so that the

geometrical and -centring errors may also be some-
what greater -(about. 0.1 mm). Furthermore, non-
homogeneities of the surface of the cathode may
also cause deviations-in the rotational symmetry
of the beam of electrons, resulting in the production
of so-called cathodic-astigmatism. Fortunately this
distortion usually disappears in course of time as
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the surface of the.cathode hecomes euthcwntly
.homogeneous after a few hours’ heating. -

- When using magnetic len . 3, for which there is
no analogy ‘in geometrical optics, distortion of the
image is also obtained, but for whose elucidation

e 15268

Fig. 8. Rotational dlstortlon pro_]ected on a surface perpen-
dicular to the axis. O is the’ axis, ¢ is a line entting the axis

;perpendlcularly, b is its rotated image according to equation 6;

¢ i the ﬁgure produced by rotational distortion.

no optical analogy can be of any a551stance In
the case of rays which only deviate sllghtly from
the direction of the axis, we obtain in a homogeneous
magneiic field H a specific rotation of eH/cmv per
unit of length in the direction of the axis. If the
electrons are also accelerated during ‘their paésage

through the magnetic coil, their total rotation 4in-

the magnetic field is the integral of thls spemﬁc
rotation along the path of the electron. Non-
homogeneous magnetlc fields also’ enable well-
defined images to be obtained, whereby the image
is not only rotated but also magnified or reduced.
If the rays make a larger angle with the axis,
their rotation may differ from that of the rays
travelling almost pa1a11c1 to the axis, and for this
reason stralght lmes perpendxcular to the axis are
frequently shown in the image as curved. In this
case we speak of rotational distortion (fig. 8).

Deflection Systems

The deflecting fields naturally possess no rotational
symmetry but usually an enantiomorphic symmetry,
and thus behave as cylindrical lenses in geometrical
optics. Care must be taken that the astigmatism
caused by them is as small a$ possible, for if for
instance one of the deflecting plates is connected
to the anode and an alternating voltage applied
only to the other, the astigmatism at the same
* potential difference between the plates will be much
greater than when the two plates are connected
up symmetrically with respect to the anode.

If the elechons are deflected to a marked extent,
they will approach the edges of the deflecting plates
where the field is very non-homogeneous. Deflection

SHARP FLUORESCENT SPOTS IN CATHODE RAY TUBES. ,
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will then no longer be proportional to the deflecting -
potential difference: To avoid this source of error,
the ends of the deflecting plates are splayed out-
wards (fig. 9) so that the electrons on leaving the
deflecting system ' can travel along equipotential
surfaces for as great a distance as possible.

K
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Fig. 9. A deflecting system in which the electrons on emission -

are almost parallel to the equipotential lines:

Space-Charge Phenomena

The mutual repulsion of the electrons has no

'correspondmg analogy in geometncal optlcs "and

the distortion of the cathode ray resulting from
this action must thelefore ‘be discussed independ-
ently. The fluorescent spot owing to the space-
charge becomes greater than it should do according

- to. geometrical optics. If in a 2000-volt oscﬂlograph

the maximum diameter of the spot is, stipulated
as 1 mm the greatest permlssﬂole current intensity -
is then 0.1 milliamp. In modern cathode ray tubes
for television purposes this current value is reached
although only at higher voltages. Perhaps the
current strength of the cathode ray could be
further increased by using systems with a greater
aperture and in which the current density remained
sufﬁmently low up- | to the nelghbourhood of the
screen. .

With a cathode ray the posn:lon ‘of . the image
obtained is not by any means fixed as precisely as -

with light-rays, for the beam of electrons in the

neighbourhood of its maximum constriction has
practically a’'constant cross-section over a fairly

‘considerable distance (fig. 10). A cathode ray has

therefore a much greater depth of definition, so
that curvilinear distortion (see sectlon on dlStO].'thIl

of the unaae) is of no moment
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Flg 10. Productlon of an image: (a) by hght-rays, (b), by a
beam of cathode rays. With light-rays the outlines of the
beam are straight lines, with cathode rays they-are curved
by mutual repulsion of the electrons. Therefore these electron
beams possess approxlmately their m1n1mum dlameter along
a large distance. . - .
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The thickness of the graphed line in an oscillo- -

gram obtained with a cathode ray tube .is also
determined by the graphing speed. This phenomenon
is termed the “charging spread” and is due to
irregularities in the charging of the screen caused
by the greater or lower velocity of the scanning
cathode ray. Charging prodlices an - electrostatic
field in front of the screen which scatters the
electron beam. : :

The electric charge of the cathode ray, in addition
to the troublesome effects mentioned above, has

fortunately also an advantageous action.” The so- -

called gas concentration which can be obtained in
gas-filled tubes, results from the ionisation of the
gaseous atoms by the high-speed electrons. In this
way the passage of the cathode ray produces a
" track of positive ions, which, as they are far less
mobile than the electrons generated at the same
time, remain in their original positions, while
the electrons diffuse into the surrounding space.

In the path traversed a space-charge field is thus,

produced which not only counteracts the mutual
repulsion of the electrons but is also even capable

of focussing the beam -of electrons. In gas-filled’

tubes sufficiently small spots can be obtained
without special electric fields.

. - bd
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For the gas concentration gas -pressures of 102
to 10~ mm are required. Neon, argon or mercury
vapour are among the gases used for filling the
tubes. Cathode ray tubes of this type give satis-
factory spots already with a few hundred volts.
A disadvantage of the gas filling is the danger of
causing deterioration of the cathode by bombard-
ment with positive ions. To prevent this action
the anode is so constructed. that it isolates the
cathode space as far as possible from the deflection
space where the majority of the ions are produced.

The focussing action of the space-charge field
is closely determined by the radiation intensity.
On varying the intensity the equilibrium between
the - electrons, ions and gaseous atoms in the
neighbourhood of the ray is naturally also altered.

For television purposes, in which the intensity of

the ray varies considerably, it is not a simple
matter to obtain satisfactory results with gas
concentration. For this reason also, high-vacuum
tubes are used for television which are run on
several kilovolts, so that owing to the much greater
velocity of the electrons their mutual repulsion is
not given time to spread out the beam. -

Compiled by G. P. ITTMANN.
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* RELAXATION OSCILLATIONS
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Summary: The characteristics of relaxation oscillations are a fixed amplitude (and not
an amplitude determined by the initial conditions, as in the case of harmonic vibrations)
" and a period determined by a relaxation time (i.e. the time-delay of the formation of an
equilibrium). This class of oscillations is widely distributed and is met with in the most

varied branches of science and technology. They fulfil a special funqtib.n in the maintenance

" of harmonic vibrations, a motion with which the engineer is much more closely acquainted.
A very useful property of relaxation oscillations from the practical standpoint is the ease
with which they can be synchronised. Between the two limiting cases of perfect relaxation
oscillations and perfect harmonic motion there are transitional forms which can be

produced experimentally as well as derived from a differential equation.

Introduction

In the case of many natural phenomena, progress
in our knowledge of them and their subsequent
technical application do not date from the time of
their discovery but from the time they were given
a distinguishing name. The acquisition of a specific
name is an indication that the phenomenon in
question, although it may have been known already
for centuries, has become a focus of interest and
that the research worker commencing to study and
investigate it in greater detail, now requires some
means ‘of readily identifying it.

Relaxation oscillations were given this name!)
in 1926 when a number of investigators, among which
are also those in the Philips Laboratory, began to
show a deeper interest in this type of phenomenon.
It was soon realized that very many' periodic
processes in the most divergent branches of science

could be interpreted as relaxation oscillations. The

newly-christened type of oscillation was also found
to be a useful tool to the engineer, which he had
unknowingly already been .employing for a long
time. ‘In the first issue of this Review special
applications of these oscillations have already been
described in two different articles (J. van der
Mark, An Experimental Television Transmitter and
Receiver, p. 16; D. M. Duinker, Relay Valves as
Timing Devices in Seam Welding, p. 11).

1) By B. van der Pol in the Tijdschr. v. h. Nederl. Radio ,
Genootsch. 3, 25, 1926, (cf. also Phil. Mag. 2, 978, 1926).
About the same time, E. Friedldnder, Arch. f. Elektro-
“technik 17, 1, 1926, termed these oscillations *Kipp-
schivingungen”, which name has been adopted in Germany.

The mechanism "and most important properties
of those systems which are subject to relaxation
oscillations will be discussed here: o

A Special Relaxation Oscillation as Example

To demonstrate without preamble the particular
class” of processes which enter into consideration
here, we shall start with the discussion of an example
which has‘indeed been known for a long time, viz.
the intermittent discharge of a glow discharge tube
having a condenser connected in parallel.

The circuit of this system is shown'in fig.1. B'is a
discharge tube of any type, which has a specific ignit-
ion voltage V; and a specific extinction voltage V,.

n R
e \ B =
cm=  =F£
]
1
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Fig. 1. A system which can perform relaxation oscillations:
The condenser C is charged from battery E through the
suitably-rated resistance R. The discharge tube B has initially
an infinitely high resistance. However, as soon as the potential
of the condenser exceeds the ignition voltage of B, the tube
becomes ignited, i.e. its resistance drops abruptly to a low
value r. The condenser discharges itself rapidly through this
low resistance until its potential has dropped to the extinction
voltage of B, whereupon-the resistance of the tube again
becomes infinite’ and the same cycle recommences.
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The tube commences to conduct current as. series. But in contradistinction to a harmonic
soon as the potential across its terminals exceeds motion, the most characteristic property of a

V,. The condenser C, which is charged from a
battery E through the high resistance R, is dis-
'charged through the low resistance r of the tube B
as soon as it has reached the potential V,. The
potential of the condenser on discharge through
the low, resistance r drops rapidly to the extinction
voltage V,, at which the tube allows no further
current to pass and the discharge again ceases.
The condenser is then recharged and its potential
again rises from V, to. V, when the same cycle is
repeated. The potential V' of the condenser thus
fluctuates as shown in fig. 2.

It is seen that the oscillation obtained is very
" different from an ordinary sinusoidal one: In the

14
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Fig. 2. Variation of.the potentlal V of the condenser in the
cireuit in fig. 1. V| is the ignition voltage, V, the extinction
voltage. Thc curve reprcsents a relaxation oscillation.
curve in fig. 2, as in other forms of relaxation
oscillations (see fig. 7c), characteristic features are
the steep discontinuities which occur at the end
of each period corresponding to the sudden dis-
‘charge. The length of the period is therefore mainly
determined by the timc required for chalgmg the
condenser (from the potential V, to V,); this
interval of time is determined by the resistance R
‘and the capacity C.An interval of time of this kind,
which quite generally represents the delay with
which an equilibrium is arrived at (in the piesent
case the equilibrium between the potential of the
condenser and the battery. voltage) is- termed a
relaxation time. In the’ class of oscillations which
are discussed here, the vibration period is always
determihed by a relaxation  time, hence the
term  “relaxation ’oscillations” proposed by
.van der Pol . o
Apart from this rather superficial difference
between relaxation oscillations and the well:known
_harmonic (sinusoidal) motion,. there are other
reasons ‘which justify relaxation oscillations being
, regarded and investigated as independent phenom-
ena. It might be advanced against this that a
relaxation oscllatlon similar to every other periodic
phenomenon can be formally compounded from
various harmonic motions by n means of a Fourier

relaxation oscillation.- is, indeed, not ‘the perio-
dicity of the process. In our example we saw how
a typical aperiodic process, viz, the charging of
a condenser, can be continually repeated, linked up
by interposed intervals of discharging of the conden-
ser. The rhythm in which these sequential operations
take place is determined by the rate of supply
from the energy source E through the resistance R;
by disconnecting the source E we can interrupt
the charging process at any desirable moment and
then again continue it from the same point at any
subsequent time. This system of oscillation there-
fore exhibits no preference for any characteristic
frequency, which latter can be readily influenced
by extraneous factors. On the other hand, the
amplitude of the relaxation oscillation is fixed;
the reversal from charging to discharge of the
condenser and inversely always takes place at the
ignition voltage or at the extinction voltage of the
discharge tube, the system continually, fluctuates
between these two voltages.

Application of Relaxation Oscillations for Maintain-
ing Harmonic Oscillations . :

Let us now considér the conversion of energy
which takes place with a relaxation oscillation and
with a harmenic oscillation respectively. In the
example of a relaxation oscillation discussed above,
we had an energy accumulator (the condenser) to
which energy was supplied from a-constant source
(the battery). The system also contained a unit
(the discharge tube) which at a certain high “ten-
sion” of the energy accumulator suddenly commences
to dissipate energy (converting it to heat) until
the potential of the accumulator has dropped to
a specific low value: the dissipation of energy then.
ceases and the same cycle commences afresh. The
net result is, therefore, that the system absorbs
and dissipates a definite quantity of energy from
a constant energy source, and this process can be
continued mdeﬁnltely :

In a system of harmonic vibrations, we always
have two energy accumulators, e.g. a2 mass m in
which kinetic energy can be accumulated and a
spiral spring ¢ in which potential energy can be
stored (fig. 3a), or a condenser C for electrical
energy and a self-induction I for magnetic energy

(fig- 3b). During the motion energy is transformed
.periodically from the one form to ‘the other. A

dissipation of energy, which occurs in all practical
cases (friction, electrical resistance), results in the
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gradual decay of the oscillation.. Hence to obtain

a sinusoidal vibration lasting a long time, we must -

make up the energy lost. But here the striking
fact must be considered that from .a source of

. /5250 .

Fig. 3. Examples of systems carrymg out harmonic vibrations.
a) Mechaniéal system consisting af a mass m nttached to a
. spring with a retracting force c.
b) Electrical system comprising a condenser C zmd a self-
induction L conneeted in series.

Y

" constant energy we cannot directly apply energy,

to a system of -harmonic oscillations in order to
maintain the vibratory motion. This may be readily
“seen with the aid of the differential equation for
harmonic motion, e.g. in the mechanical system

(fig. 3a):

dt2+a +cx—0 (l)

where x is the deviation of the system from its
posxtlon of rest (i.e. the amphtude) and the three
_terms give in the order shown the inertia (accu-
mulator m or L), the friction (d1551pat10n of energy)
and the retractmg force (accumulator ¢ or C),
~. which at every instant of time are in dynamic
equilibrium. If for the moment we neglect damping,
the solution of (1) is a sine function ( fig. 4) whose

frequency is fixed, but whose phase and ‘amplitude

+

c s
/5252

()

Fig. 4. Undamped harmonie oscillation (sine function). The
period T = 27/ is determined by the magnitude of the
components of the system. The phase ¢ and the amplitude A
are arbitrary (i.e. only determined by the initial conditions
of the differential equation (1)). .

can have any values, being only governed by the
initial conditions (the 1nagnitudes of x and.dx/dt
at time t=0).If a constant external force K is

"applied to the system, equatlon (1) becomes:

dx : ,
«GreE=K . .. )

'

. d%™x
L mag
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The -energy imparted to the system by‘this means.

is determined by the 1ntegral of the force over the
path traversed: :

o

Work done = /K de = K / dx
But if we substitute for x the sine function express-
ing the oscillation to be maintained, the integral
is equal to zero over each complete period of the

~sine 2). In.order that the value of the integral shall

not become zero, i.e. energy is actually supplied
to the system, we must apply. a force which is
not constant but is an arbitrary function of the

time, provided only .that this function contains

a component synchronising with x (e.g. . to be

"determined by Fourier analysis), i.e. a sinusoidal

function similar to x. In the majority of cases the
sources of energy available furnish constant forces:
for instance, gravity, wind pressure or a current
of water, the EXM.F. of a battery, etc. In order
to introduce the requisite sinusoidal component
here, wé must intercept the constant time function

‘of the force at regular intervals, so that the influx

of energy is alternately free and blocked. But this

-is just what relaxation OSCl]latIOIlS are able to do.

We can therefore place between the constant
energy source and the damped system of harmonic
vibrations a system of relaxatlon oscillations in
order to supply the requlslte energy in fractlons as
required. z

-This pnnclple is: mdeed actually . employed in
practice.” The simplest example " of maintained
harmonic oscﬂlatlons which suggests itself is the

mechamsm of .a clock. Bemg constrained to a

definite frequency, harmomc oscﬂlatlons are 1deal ‘

for time measurement; thus, a pendulum (in a wall
clock) or a balance wheel (in a watch). or a piezo-
electric quartz lamina (in some modern astronomical
clocks) is allowed to oscillate and the time measured

by counting the number of oscﬂlatlons To maintain -

these oscillations, so that as a 1esult of damping
they do not rapldly decay and cease altogether,

. we p10v1de a source of constant energy, e.g. the

wound spring in a watch. Through the lever,A

2) For the constant force merely causes a displacement of -

the position of rest.about which the system -oscillates;
this follows from the differential equation (la) which on
making the substitution %’ = x — K/c can be written as:

* d2x’ (’\ +
: mn = i ex’ =
- ('lo + . .
This is_again the same equntlon as (1) except that the
posmon of rest is now x’ = 0, ie. x = Kje, instead nt

= 0. -

e
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-(anchor) of the escapement (fig. 5) the balance wheel
O is given a fresh impulse at the end of each half-
period of its oscillation by the driving spring un-
coiling’ a very little way, i. e. a small part of its

Fig. 5. Escapement of a watch. The harmonic vibrations of
the balance wheel O are maintained by a periodic supply
of energy through the anchor A which performs a relaxation
‘oscillation. In detail this process is as follows: As soon as
the balance wheel during oscillation approaches its middle
position (maximum velocity), the pin p coming from above
strikes against the fork of the anchor A, which up to this
moment rested against the upper pin s. The anchor is turned
slightly, and its upper claw slides along the tooth of the
escapement wheel R against which it rested; when the tooth
has been released (this instant is shown in the figure), the
scape wheel turns through the space of one tooth, under the
tension of the driving spring, in the direction of the arrow
(being again immediately engaged by the lower claw of the
anchor) and now accelerates the motion of the anchor by
means of the lifting “surface” at the top of the tooth in such
a way that the anchor tilts into its opposite terminal position
(the lower stop s), its fork at the same time giving a push
to the pin p of the balance wheel in the direction ofits oscillation.
Hence, in this moment enetrgy is imparted to the harmonic
system by the spring. The anchor remains in its lower terminal
position until the balance, after passing through half a swing,
again initiates the same operations in the opposite direction.

potential energy is transmitted as twist to ‘the gear
mechanism and the anchor. The lever A of the

escapement performs a typical movement of the

relaxation oscillation type; it moves‘to and fro
between two fixed terminal positions to the right
and left (stops s), the reversal in direction in this
case being’ produced itself through the coupling
with the harmonic oscillation 3). ’ .

A further example is‘a tuning fork whose harmonic
oscillations are maintained by a similar mechanism

as used in the electric bell:-this is also a relaxation

oscillation (the energy accumulator charged and
discharged being here the magnet coil) 4).

3) That the.escapement through the scapement wheel R at
the same time sets in operation a counting mechanism
which enables us. to read the time on the dial, is "of no

- importance for our considerations. ‘By the way, the
“relaxation system” (anchor) could mot in this case
perform independent oscillations without being coupled
to the harmonic system. . .

4) TFor musical purposes, Niaudet has constructed a
clock in which a tuning fork with a frequency of 64 cycles
acting as regulator is driven by an escapement (the

* ' VOL. 1, No. 2

" The sound in an organ pipe is also produced in
a similar way: the column of air in the pipe performs

. a harmonic oscillation, which is created and main-

tained by a current of air blown over a tongue.
Air eddies are produced behind the tongue which
grow to a certain size, then become unstable and
release the tongue. This is repeated periodically
and is another example of a relaxation oscillation

which maintains a harmonic oscillation.

The Synchronising of Relaxation Oscillations

In the above we have seen the important practical
difference in behaviour between systems of har-
monic and relaxation oscillations with respect to a
constant force. We shall now sée how these two
systems would react to a periodic, e.g. sinus-
oidal, external -force.

Under the action of an external periodic force,
a harmonic system becomes subject to what are
called forced vibrations, with a frequency equal
to that of the external force, but with an amplitude
which is very small if there .is a great difference
between the forced and natural frequencies; if,
however, the forced vibration frequency approaches
the value of the natural frequency, the amplitude
of the system becomes large, i.e. “resonance” is
obtained. . -

A system of relaxation oscillations does not
exhibit a ‘similar resonance ‘phenomenon. The
amplitude is here fixed by the difference between
the “potentials” of the energy accumulator at
which a reversal of the controlling unit (in our
first example the discharge tube) takes place. The

‘external force, however, determines the moment

reversal takes place: without appreciably altering
the amplitude of the relaxation oscillatiors it
influences its "frequency within certain limits.
This is very aptly shown in frequency demultipli-
cation 5). In the system in fig. 1 a periodic voltage
e sin wt (fig. 6) is applied in series with the .dis-
charge tube. We then find that the time between
two ignitions, i.e. a peridd of relaxation oscillation,
favours an 4integral multiple n (o= 1,72, 3, ).
of the periods of the applied voltage: the frequency,
of the relaxation oscillation becomes ‘synchronised
with the n-th part (1/n = 1/1, 1/2, 1/3, ...) of the
applied frequency, viz, that fraction whose value

scapement wheel here makes a complete revolution per
second). If this clock loses a second per day, the frequency
of the tuning fork is only 63.99926 cycles, as may be readily
calculated. With this instrument extremely accurate
measurement of pitch is possible by the method of beats.

5) B. van der Pol and J. van der Mark, Nature 120,

-

363, 1927. .. _ :
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is”“neayest tothe frequency of the “free” (un-
/constr; med) relaxatlon oscillation. If in fig. 6 the
" “freet’ frequency is gradually altered by varying
the yeapamty of the condenser, the frequency of the
“forced” Vlb].'atIOIlS initially femains unchanged,

, | R

,_

'_J_’B

—|Ifi|-

C?
~esinwt ]
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Fig. 6. The same system of relaxation oscillations as shown
in fig.1 (intermittent glow discharge), but here with the
addition of a periodic voltage e sin ot which affects the
times of ignition and extmctlon

‘15283
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i.e. in step with the fraction of the' extraneous
frequency with which it has been synchronised;
as the deviation becomes greater the frequency
jumps to the next fraction' to which the “free”
" relaxation frequency has now approached more

closely. In" this way van der Pol and van der

Mark, (loc, cit.) have succeeded in synchronising
relaxation oscillations with 1/200 of the frequency
' of an applied oscillation. " -

Further Examples and Techmcal Appllcatlons of

Relaxation Oscillations

We have seen above that in the case of harmonic
oscillations a special mechanism is required for the
periodic addition of . fresh energy. Relaxatioxi
oscillations do not, require a similar provision,
Hence nature and technology provide us with many
examples of systems of relaxation oscillations which
continue indefinitely in vibration without any.
spe01a1 demand being made on the energy source
for the maintenance of the motion. In addition
no harmonic oscillation is required to control
reversal as, for instance, in the case of the clock.
We have already met with a typical example in
the swelling and self-generating air eddies in a
continuous current of air when discussing the organ
pipe; the same process is also responsible for the
musical sounds of the Aeolian harp and the humming
of telegraph wires in the wind. The period of the
note produced (pitch) is determined by the duratjon
of growth of an eddy to the unstable size, i.e. by
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the velocity of the wind and the diameter of the
wire, but does not depend on the length and tension
of the wires (as with the harmonic vibration of
strings, in for example the violin and piano). Many
other well-known sounds are also due to relaxation
vibrations; the grating of a knife on a plate, the
fluttering of a flag, the hammering or singing of a
water pipe, etc.

In ‘the biological world, there are probably also,

.many phenomend whlch .can be interpreted :aS'

relaxation oscﬂlatlons, e.g. the beat of the heart.
In this periodic process the fact that the heart
“beats” already enables us to deduce that it does
not perform a sinusoidal vibration but a relaxation _
oscillation. Actually in the heart three systems of
relaxation oscillations are coupled in a specific
manner. Van der Pol and van der Mark %) by

coupling in a similar way three electrical systems

of. relaxation vibrations bave succeeded in repro-

" ducmg in a most striking manner electrocardiograms

as obtained with healthy and diseased hearts,

The opening and closing of blossoms is also
frequently a relaxation oscillation which the plants
continue to carry out with a definite periodicity
when they are removed from all external influences
(such as hght, heat, etc.) and which can then be
synchronised with new, light stimuli.

TIn electro-technology, relaxation oscﬂlatlons have
perhaps been investigated most exhaustively of all
branches of science. Apart from the example of
the intermittent glow discharge ‘and the electric

.bell, there is the Wehnelt interrupter, further the

combination of a series-wound dynamo which feeds

“a motor with independeni field-excitation, the

dynamo commutating periodically; furthermore’
there is the multi- vibrator _of Abraham and

‘Bloch, as well as’ other 01rcu1ts w1th electron

tubes with specific charactenstlcs /
Partlcularly the last-named electrical relaxation
oscillations are widely employed in techiology (cf.
for instance the above-mentioned descriptions alrea-
dy published in. the first issue of this Review). Other
applications deservmg of mention are the use of.
bi-metal switches for luminous advertlsmg signs
and other purposes (the relaxation penod is here

the time required for heating), the motion of

" windscreen wipers on motor cars which are driven

puneumatically by a type of escapement, and finally
the automatic flushing of water closets by cisterns
which periodically are filled slowly and then rapidly
dlscharged by means of a syphon.

1)

8) B. van der Pol and J van der Mark, Phil Mag 6
763, 1928
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Mathematical Representation of Relaxation Oscil-
lations 4

In a previous section we have used the differential
equation (1) of harmonic miotion. The question
arises whethe1 we can also represent relaxation
oscillations mathematlcally, i.e. deduce their prop-
“erties from the solutions of certain dlﬁ'erentlal
oquatlons .

Consider again - our. first ¢xample of the inter-
mittent glow discharge in fig. 1. During the charging

of the condenser C from the battery with potential -

E through the resistance R the dlscharge tube has
an infinitely high reésistance; the condltlon of
equilibrium between the voltages gives us the
following diﬁ'erential equation for the condenser
current 7, at this pomt

Rzlgrcle &t = E

The solution of this equatlon is -

(a)

S
, E Txc
L= 5e -

, ‘ L' R .. P

For the condenser potential V' = E — i; R we thus

get: e ' : :

.

V=E( —e¢ )

This represents the first portion of the curve shown

in fig. 2: V increases with a velocity which is
“determined by the "“relaxation time” -RC in the

N
‘exponentlal function. But as soon as v Hecomes
greater than the ignition voltage V, of th‘u tube
its resistance jumps from infinity to the vallye 7.
From this instant onwards the discharge cUirent
of the condenser i, in the opposite direction i ™
defined by the following differential equation
(neglecting the small term r/R with respect to

unity):

diy . 1.
r_d_t+EL2_0;' (2b)

~which gives for the potential of the condenser
. - ‘
V=V e "
1
We have now arrived at the next portion of the
curvein fig. 2, the one with anegative slope, until the
extinction potential ¥V, is reached; the velocity
with which this point is reached is again determined
by a relaxation period, which is here rC. The total
duration of the process, which is . continually
repeated, is the sum of the two components of
which each one is proportional to a relaxatlon
period 7). )

7) It is readily found that the charging period is

o . E—=Vs ;

' Fl—{QC lnE——Vl‘ _!

- and the discharging period . ©

. ) v, ,
I‘2 =rC.ln V—z

The whole period is T == Ty + T
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~Fig. 7. Grnplncally found soluuons of the differential equation (3) for three dlﬂ'clcnt

values of the pnmmcter €.

a) For e<<1 ‘the solutlon is a gr ndunlly-developmg sinusoidal vibration with a terminal

' nmphtudc of 2.
b) For ¢

termmal amplitude.

=1 we get a d]etmctly dlstorlod vibration, which more rapldly renches the

c) For ¢ >>1 the colution brings out the typical propcmcs of a relaxation oscillation.
A to and fro movement between two terminal positions is shown, neither such positions
nor the zero position being stable themselves. On closer analysis it is found that the
penod is proportional to a magnitude physically equnvalent to a relaxation penod

'\"%;YOL. 1, No. 2
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- Corresponding to the two entirely different

processes of which it is made up, the relaxation .

oscillation is here represented by two differential

- equations (2a and 21)) which have alternate apph- _

cation.

B. van der Pol has succeeded in - deducing
mathematlcaI_Iy from a single differential equation
the behaviour of the multi-vibrator and other
systems, which perform relaxation oscillations and
were referred to above under technical applications.

* This equation after certain 51mp11fymgtransforma-

tions can alwa,ys be written in the form:

dx

E—e(l—xz)dt —l—x-—-O

e (3)
Compared to differential equation (1) for harmonic
vibrations, equation (3) differs in respect to the
non-linear “damping” term containing the coeffi-

‘cient’ . The solution of (3) (which-is obtained by

a graphical method) proves to be closely dependent

on the magnitude of ¢ (cf. figs. 7a, b and c). If -

¢ << 1, eg ¢=01 (fig. 7a) we obtain an almost
sinusoidal vibration' with a gradually increasing
At e 1 (fig. 7b) the sine function

" has become distinctly distorted and the final

Y

amplltude ¢ is attained much quicker. At ¢ >> 1,
e.g. ¢ = 10 (fig. 7c), a vibration is obtamed whose

essentlal properties agree with those ‘of what we
have defined as a “relaxation oscillation” in fig. 2. We
‘have an amplitude determined by two fixed terminal
“positions (independent of the energy consumptmn)
~ as'well as the typical discontinuities (the attainment -
- of instability);

‘also the period (numencally ap-

RELAXATION OSCILLATIONS ,
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proximately equal to &) ¢anbe shown to be determi-

ned by a magnitude which is essentially 2 relaxation-
period. The symmetrical form of the function with
respect to the abscissa (fig. 7c) is only due to the .
simple form of the damping term; if we add to it an
asymmetrical térm so that the damping term
becomes . ' -

& (1 ——ﬂx———xz)%

the solution also becomes asymmetnc, 1ese1nblmg
still more fig. 2. T

This far-reaching concordance between " the
behaviour of the general type of relaxation oscil-
lation discussed above and the properties of the
solution of equation (3) for ¢ >> 1 makes it not
unjustifiable to regard equation (3) as the mathenia-
tical expression of the phenomenon” of the “relax-
ation oscillation”. From it the essential character-
istics of systems of relaxation oscillations can be
deduced and predicted,
taken that conclusions of further import are not
drawn. For those cases for which the differential
equation (3) has been deduced physically’ (multi-
vibrator, etc.) it has been observed that a continuous
transition to sinusoidal vibrations is possible; and
these transition forms have actua]ly been realised

‘experimentally in the cases in question. From the

equation (3), however, no direct ¢onclusions can
be drawn regarding the behaviour of, for instance,
the intermittent 'glow dlscharge w1tb _Tespect to
these transition forms. .

Compiled by S. G‘RADSTE‘IN.'

although -care must be .
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| OPTICAL MODEL EXPERIMENTS FOR STUDYING THE ACOUSTICS
" OF THEATRES

By R. VERMEULEN and J. DE BOER.

- Summary. In the auditoriums of theatres where one of the primary considerations is the ’
perfect audibility and intelligibility of the spoken word, a short period of reverberation
is essentlal this, however, should not cause too great a reduction in the “useful sound
intensity”. The distribution of loudness is examined in this paper with the aid of optical
model experiments, in which the source of sound is replaced by a small lamp and the -
walls of the theatre simulated in a three-dimensional model by walls with a suitable
coefficient of reflection. This method 'was applied on the occasion of the rebuilding of the
assembly hall in Philips ‘“Ontspanningsgebouw’ (Philips Theatre).

To gain an idea of the acoustics of a hall or
theatre during a concert or a theatrical production
requires no special knowledge or auxiliary means.
On the contrary, the opinions of the uninitiated

audience w1tnessmg the:show here. act as a yard-
' st1ck‘ If the audience is not satlsﬁed 1t is the
business of the" expert to estabhsh the cause of
such d1ssat1sfact10n But he must. also he in a
position to determme the. potent1a1 acoustic_ charac-

teristics - of a ha11 even hefore it is hu1lt merely:

from a study of the plans. In- both cases he must

~make use’ of measurements -and. experience with

existing halls"and . from these deduce with the aid
of calculations and de51gns the mformatlon required.
In addition, the, behaviour of the sound waves in
the structure in question can also be determined

by means of a. small scale model of the hall; A new .

method will be described here for carrymg out
such expenments w1th -models, which has been
apphed in the Phlhps Lahoratory, inter alia, to
assist in the reconstruction of the assembly hall in
Philips - “Ontspanmngsgehouw” (Theatre) at Emd-
hoven ’

Acoustlc Properues of a Hall

The acoustie chalactenstlcs of a ha11 or theatre

‘afé almost completely determined by the reflection

of the sound waves at the walls. The sound which

becomes audible to the audience can be resolved

into various components, viz: ' -

1) The direct sound, i.e. the sound waves reaching
the audience without reﬂectlon at. one of the
walls or other surface, v

2) The “useful”, sound, which in. addmon to the

- direct sound also includes every sound wave

striking the ear within 1/,; of a second after the

arrival of the direct sound. Useful sound has

been so named because it has I}een found that

all these contributed sounds aid in making the

'spokeu word audible and intelligible, and in
* practice- cannot be d1st1ngu1shed from the
" direct sound. . - . i

3) Reverberation, which includes all’ sound per-”

 sisting after the emission from the sound source
has cea_sed., Reverberation thus embraces the

g 4“usef 1” -sound -and "all contrihuted .soun'd' ’
“waves wh1ch reach the -ear. after 1/15 of a
'.second . L PR H /:;-.

4) Tor the sake of completion echoes w111 also be

mcluded here." An’ echo comprises a reﬂected
sound wave, which, owing to the peculiar shape
of a part of the reflecting walls, predominates
above the reverberation and can be distin-
guishéd separately because of its high intensity.
The reverberation perlod is defined as the time

taken by the intensity.of sound in a sound-filled

space to decay to a millionth part of its initial
intensity Tafter -emission from _the ‘sound source
has ceased. In the case of musical productions it
has been found that there is an optimum value of
the reverberation period “at which the music is
heard to the best effect. For the spoken word,
specific reverberation periods also give optimum
results, signifying that at these values maximum

intelligibility is obtained. That an optimum is

actually obtained here is due to the fact that the
useful sound constitutes a part of the reverberation,

‘$o that with too short a 1everbe1at10n period the

useful sound intensity becomes to6 weak; if, on the
other .hand, the reverberation Penod becomes too

long the successive syllables overlap and .the N

inte 1 again deteriorates.
telligibility again det t

[T
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In 'ﬁle ideal theatre the whole sound radiated
fromn the source would reach the audience as useful
s0und. Except for the case where the speaker stands
in a suitable spot and is surrounded by a sound
reflector, this acoustic ideal cannot be even approx-
imately realised. A certain quantity of sound will
always be “wasted”, reaching the audience only
after many reflections, i.e. after a long delay, and
in the form of reverberation will only have an
adverse effect on intelligibility. Even if for a
particular theatre the useful sound intensity has
been found to be sufficiently large, it is still necessary
to keep the reverberation period within reasonable
limits by the provision of sound-absorbing materials.

Optical Model Experiments

The hall

intended for theatrical performances for which

of Philips Theatre was primarily

it was essential to obtain a sufficient intensity
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of usetul sound. On reconstruction of the auditorium
it appeared desirable to obtain an insight into the
magnitude and distribution of the wuseful sound
intensity in the old theatre and in the new one
for which plans had been drawn up. For this purpose
model experiments were carried out in which the
source of sound was replaced by a light-source and
the resulting light intensity determined directly for
different parts of the auditorium.

The model of the hall is made of sheet aluminium
(see figs. la and b), and a small lamp is used as
a “sound-source” which can be placed in different
positions. About 50 per cent of the light-rays
impinging on the aluminium walls is reflected so
that after three reflections the intensity of a light-
ray is already reduced to about 10 per cent of its
initial value and thus will no longer contribute
much to the total intensity. The luminous intensity
at each point in the model is, therefore, determined
by the interaction of only a few reflected rays,

Fig. 1. Models for examining the “useful” intensity of sound in a hall. The source of sound
is represented by a small lamp, shown at the bottomn of the photograph. The walls of
the model are made of aluminium which reflects about 50 per cent of the light-rays falling
on it, so that, in accordance with the definition of the “useful” intensity, a ray after
only a few reflections can just contribute to the illumination of the opal glass representing
the audience. (In the pictures this glass has been removed in order to show the interior:
in the upper half of fig. 1b, however, the opal glass representing the seating on the baleony
is visible. Sound-absorbing surfaces in the hall are blackened in the model, e.g. the right-
hand wall in fig. 1b. The brightness of the opal glass (see figs. 4, 8 and 11) represents
the distribution of the useful intensity of sound.

a) Model of hall of Philips “Ontspanningsgebouw” (Theatre) before reconstruction.

b) Model of the same hall after reconstruction on the plans of Prof. Witzmann, Vienna.
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i.e. the resultant luminous iitensity is actually a
measure of the‘usel'ul Sound intemsity. In the
model the area occupied by the audience was
represented by an opal glass plate with a low

‘reflecting power?): The brightness of this plate -

which may be observed and photographed from

“the outside, gives a picture of the distribution of

sound intensity over its area. -

How far is- our assumption that an analogy
exists between sound and light waves justified?
We all know from_experience that sound waves
per se exhibit an entirely different behaviour to
light waves - Light . is propagated rectilinearly,
undergoes simple reflection ard casts deep shadows..
From a superﬁmal glance, none of these properties
_appears to’ be shared by sound * waves. Sound
travels round corners, does not throw deep shadows -
and on the whole does not appear to obey the laws
of simple reflection to any extent (except in the
case of echoes): but always seems .to undergo.
scattered reflection. This, difference in-behaviour
is due to the difference in - wave-length; visible

light is made .up. of (ethel) waves with a wave- ..

length from 0.4 to 0.76 ) whlle audlble sound
consists of atmospheuc waves with a wave-length
from 6 ¢cm to 6 m, i.e. 100,000 to 10 million times

longer. Waves which strike an obstruction will

behave similarly if the dimensions of the obstruction .

are the -same relatlve to the wave-length. Thus
sound waves are reflected at surfaces in exactly
the same way as light waves, if the dimensions of
the-surface are large as compared with the wave-
length although™ surface inequalities . which just
permit a true 1eﬁectron of sound waves may be
far greater for these waves than for light waves.
It is, therefore, necessary to use a perfectly smooth
‘surface for light, while sound can still exhibit true

1} The coefficient of absorption of the audience is taken as
0.90 to 0.95.

- reflection - at fairly ro:igh-_ﬁnished;walls.

<

t\\

therefore assume that sound in an auditoriu

‘reflected in the same-way as the hght-rays in o"gll‘
-models. It is true this no longer applies to low-

frequency sounds,-as a. hall usually contains many"*
surfaces which are not very large in companson
to these (long) wave-lengths. But the mtelhgrblhty
of the spoken word depends in a large measute on
just the higher socalled characteristic- frequencies

(thus whispered words in which the lgw tones in yd

particular are absent can be heard almost equally_
as well as loudly-spoken words). These frequencres

are in the nelghbourhood of 1,000 cycles, corre-

sponding to a wave-length of 30 cm. For these
important speech frequencies the light model can,
therefore,_be deﬁnitely employed. .

Appllcatlon of the Method

Flrstly a model was built of the hall before

vileconstructlon ( figs. la, 2 and 3). The length of
" the hall was 34 m, its width 16 m and the greatest )
helght 9 m. At an earlier period the rear wall had .

been completely covered with Akusti-c elotex to

suppress echoes. The floor sloped a little upwards. -

The roof was supported by framework trusses and
was of stepped construction with the vertical
sections of glass, which were closed by roller
shutters during performances. The trusses were
completely covered by a panelling and thus formed
transverse walls 1.8 m high.

On-making a closer examination of the dlstn-
bution of brightness.on the opal glass of the model
(fig. 4), a feature which strikes one immediately is
the abundance of light close to the stage, represent-

ing the direct sound. Perhaps more striking still is |

the fact that this intensity diminishes so rapidly
to the rear, much more rapldly in fact than should
follow ‘from the quadratic diminution in intensity

“with, distance for a. point source of light.: The

:;

i —

. “Fig. 2. Longntudma] and transverse sections through the hall of the Theatre before
reconstruction., The hall was very low compared to its length. Note the transverse
partitions in the roof w}ueh are formed by the roof trusses.

15280 .
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Fig. 3. Auditorium of the *“Ontspanningsgebouw” (Theatre) hefore reconstruction.

reflection at the ceiling, however, which is shown
as a trapezoidal area of light in the foreground,
has a very high intensity, much greater than that
of the direct sound, although the distance fromn
the source of sound along the reflected ray is much
reflection a certain amount of

greater and in

absorption has taken place.
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Fig. 4. Photograph of the vpal glass in the model of the old
hall (fig. 1a). The stage is on the right-hand side. The rapid
diminution in illumination intensity towards the left may
be noted: at the rear of the hall the useful sound intensity
was far too small. The bright trapezoidal spot near the stage
is due to reflection at the forepart of the ceiling (sec text)
which was not screened by the transverse roof trusses.

And yet this phenomenon is easy 10 account for.
The brightness of the opal glass is determined by
the quantity of light falling on unit area. The
source radiates light with an equal intensity in
all directions, so that the intensity of illumination
is determined by the solid angle which the unit
of surface subtends at the source. As the height
of the source above the audience is not very great
and the floor slopes only slightly, this solid angle
diminishes very rapidly towards the back (fig. 5).

0
— Sp
P
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Fig. 5. Kitect of reflection at the ceiling. lon the normal case
of a slightly sloping floor (auditorium 1) the solid angle
subtended by the audience at the sound source T decreases
rapidly towards the rear of the hall. On the other hand, the
solid angle subtended by the audience at the mirror image
of the sound source ubove the ceiling D diminishes much more
slowly: Reflection at the ceiling contributes more to the sound
intensity than the direct sound waves.
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Fig. 6. Longitudinal and transverse sections of the hall in the Theatre after recon-
struction on the plans of Prof. Witzmann. The auditorium has been made shorter
and higher (cf. fig. 2), and a balcony has been added, the seating accomodation being

practically the same as in the old hall.

On the other hand, the solid angle which the unit
of surface (in the auditorium) subtends at the
mirror image of the source above the ceiling is
much greater in spite of the greater distance these
are apart. It is thus clear that the audience receives
far more energy fro. . eflected ray than from
the direct ray%). =+ :

2) It may be argued against this that the sound receiver in
the auditorium (the head of a person in the audience)
is vertical and the solid angle it subtends at the stage
must not be compared with a surface of the same area
located on the sloping floor. It could thus be deduced
that the sound intensity reccived by reflection at the
ceiling could in no case be greater than the direct sound.

The roof trusses prevent the sound reaching the
back parts of the hall by reflection at the ceiling,
so that in that area only the weak direct sound is
received. The rear wall of the hall reflects the sound,

This explanation would, however, not be correct: the seating
and the audience, particularly in the projection perpendic-
ular to the direction of the direct sound, in their parts
have measurements of the order of magnitude of the
sound wave-lengths and thus act as a single absorbing
surface; or, expressed in other words, the seats or the heads
of the audience screen off the sound by their diflraction
effect, although one can see optically across the elements
of this diffraction “grating”. Cf. Békésy, Z. f. techn.
Phys. 14, 6, 1933, and Brillouin, Rev. acoust. 4, 113,
1935.

Fig. 7. Auditorinm of the Theatre after reconstruction, as seen from the balcony.
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not towards the audience, but also towards the
ceiling, or rather to the roof trusses, so that this
sound is also lost and only becomes audible after
a large number of reflections as reverberation. It
was, therefore, correct in this case to make the
rear wall sound-absorbing.

This model shows in a most convincing manner
that in general the largest part of the audible
sound comes from the roof, provided the latter is
of suitable design. Further confirmation of this is
the fact that in open-air theatres the spoken word
is much less audible. To remedy this drawback,
the benches are arranged on a steep slope or
amphitheatre, and it is clear that as a result
thereof the available solid angle through which
sound is received is considerably increased.

The second model made was of the same hall
reconstructed on the plans of Prof. Witzmann
of Vienna (figs. 1b, 6 and 7). The whole roof has
been raised and a ceiling fixed under the trusses.
The hall has also been made shorter and a balcony
added, which runs further back than the lower part
of the hall. The new dimensions are: Width 16 m,
height 11 m, length 22 m, and length with balcony
28 m.
practically unchanged. The improved distribution

The seating accomodation has been left

of sound was immediately revealed by the new
model (fig. 8). The forepart of the auditorium
again receives a large percentage of direct sound,

recsy

Fig. 8. Photograph of the opal glass in the model of the new
hall (fig. 1b). The stage is again on the right-hand side. The
distribution of illumination (useful sound intensity) is much
more uniform than in fig. 4. The rear part of the hall under
the balcony is still fairly dark (see text and fig. 11).

and from the middle of the hall reflection at the
ceiling comes into play and transmits a satisfactory
intensity of sound to the balcony also. The space
under the balcony naturally receives no part of this
reflected sound and is therefore shown in the model

ACOUSTICS OF THEATRES 51

How this drawback has bheen

remedied is outlined below.

as much darker.

The side walls are panelled and hence absorb
sound to some extent. The model and experiments
i a “ripple tank™?) (fig. 9) had already demon-
strated that the sound falling on the walls of the
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Fig. 9. Registration of waves in a ripple tank model of the
cross-section of the new hall. By this means the effect of
reflection at the side walls was investigated. It is seen that
the waves are in the main reflected to and fro between the
walls, so that they do not contribute much to the useful
sound. intensity but only increase reverberation.

auditorium did not have much opportunity to
reach the audience as useful sound. After repeated
reflection between the walls the bulk of this sound
contributes to reverberation.” The side-walls thus
appeared to be the most suitable places for fixing
the panelling, which was necessary to reduce the
reverberation period to the desired value (for this
purpose a certain degree of absorption at the walls
is necessary).

In this way the requirement has been met as
far as practicable that the sound shall reach the
audience either directly or after one or two reflections
(with the largest possible solid angle) and then be
absorbed. All other sound has to be absorbed to
such an extent that the hall does not possess too
small a reverberation period. The hall can therefore
also be used for concerts for which a greater
blending of sound is required, i.e. the sound-waves
also after several reflections must reach the audience
with sufficient intensity.

It must still be outlined how the audibility under
the balcony was improved. After the optical models
had shown that the intensity there was too small,
the area in question was examined in greater detail

3) In these experiments a reduced section of the hall is filled
with water and the propagation of small artificial water
waves is studied.
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Fig. 10a. Path of a sound wave entering the space under
the balcony B and reflected at the vertical rear wall. The
wave is so to speak folded back by reflection at the underside
of the balcony and again leaves this space without reaching
the audience P.

in the ripple tank. It was then found that the rear
wall reflected an intense wave to the underside of
the balcony, but which impinged against the latter
at such a small angle of incidence that it was not
reflected to the seats under the balcony (fig. 10a).
The wave was as it were folded up and left the
space as a concentrated packet of waves, passing
just under the edge of the balcony. This difficulty
was very easily remedied: If the rear wall is given
a slight slope forward the sound waves are reflected
directly to the audience in this part of the hall
(fig. 10b). Naturally in doing this care must be
taken that only the back rows are reached by the
wave so that not too long an interval intervenes
between the arrival of the direct sound and that
of the sound reflected at the wall (echo). In the
model the effect of the sloping rear wall was clearly
demonstrated (fig. 11).

Already during the inaugural performances in
the new hall on October 11, 12, and 13, 1935,
audibility was found to be very good in all parts

15276

Kig. 10b. The same wave as shown in fig. 104, but with a
wall sloping slightly forward in place of the vertical wall.
The entering wave is now immediately reflected to the audience.

of the auditorium; later performances confirmed
that at all points of the hall, also under the balcony,
the words spoken on the stage were now clearly
intelligible and no effort in listening was required
whatsoever.

Jiix74

Fig. 11. Photograph of the vpa glass in the model, as in
fig. 8, but now with the rear wall under the balcony sloping
slightly forward. The space under the halcony now also
receives a satisfactory intensity of sound.
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A HIGH- FREQUENCY FURNACE WITH VALVE GENERATOR

[P
A

Summary. An induetion 1umaee employed in the foundry of Philips works especially for
- ) melting’ charges of scrap is described. -Alternating current of high frequency is required
as a power supply for the furnace and is generated-with the aid of a- transmlttmg vnlve : ,

which has a useful output of 250 kW.

To be of service to other finishing branches of
its works, Philips have for some years been operating

" their own melting shop and foundry, ‘which for
example produces a chrome-iron alloy that can be-
fused with glass to give a vacuum-tight joint and

in view of this property is employed in a large
number of apparatus. One of the commonest
functions of the melting shop is to melt compara-
tively small quantitiesof material under conditions
guaranteeing a prescnbed analy51s wrtlnn narrow

 limits of composition. In this work great difficulty
is usually experlenced with alloying constltuents'

which’ buln in alr, such as the carbon m felro-
alloys. or are ve1y volatlle, such "as zinc and
copper alloys. The electrlc arc
furnace, which was originally used for all ‘melting
operatlons, did not conform with the 1ncreasmgly
severc requirements in- this "direction, since a

cadmmm in

marked volatlhsatlon of the volatile constltuents"

was_ found’ to occur at the electrodes whose temper-
ature. was - about 4000 deg C. It thus became

“necessary to build a new melting furnace, which

had o meet the followmg 1equ1rements

'l) ) The furndce must take a charge of 50 kg of

iron, and also enable scrap and othe1 waste
- materials to be utilised; ’

2) The melting charge must be kept free ftom

all impurities; any contact with combustion
gases or electrodes was therefore undesirable.

3) To reduce the volatilisation of volatlle con-
stituents, temperatures. above the casting
temperature must be avoided as far as possible.

' For the same reason the melting time must
uot exceed 15 minutes. ) '

To meet these requirements, the method of eddy-
current heating was adopted, i.e. the heating of
the melting charge by electrical eddy currents which
are produced in the char ge its elf by alter-
nating magnetlc fields.

‘by Northrup )

LN

* In this process the melting chalge does. not in
fact come in contact with either combustion gases
or electrodes. In addition, the fusing metal consti-
tutes the hottest part of the furnace so that mo

temperatures- higher than the melting tem’peratm'e

occur. : - ‘
The first attempts at utlllsmg eddy current

,heating for practical purposes were made some _

30 years ago (Soc. Schneid evr, Creuzot and
0.Zander, 1905). Fundamental ‘theoretical inves-
tigations of the induction furnade- were carried out
Ribeaud ?), Wever amd
Fischer?), - Burch: and Davis?), Strutt")
and others. Details about - the general behaviour |
of an induction furnace will -be given below in
connection with the description of the Philips
melting plant. It has been found that the efficiency
of inductive heating in general increases with the
frequency The smaller the pieces making up the -
charge, the. higher are the frequencies required.
If pieces of ;metal a few centimetres in diameter
are to .he melted with a satisfactory efficiency,
frequencies from 5000 to 10000 cycles are found
to be necessary.

A voltage of this high frequency cannot be 1ead11y
and easily produced with ordinary generators. A
transmitting valve was therefore employed, viz,
Philips TA 20/250 valve which on correct a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>