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P — —

PHILIPS’ DIAMOND JUBILEE

Tt was sixty years ago, in the month of May, that the Philips® Lamp Works were
established at Eindhoven. The Editors of Philips’ Technical Review wish to take
part in celebrating this memorable event by issuing this Jubilee Edition. In the
1941 volume of this Journal one might seek in vain for any mention of the commem-
moration of the 50th year of our Concern’s existence. Under the conditions of enemy
) occupation it had been decided merely to celebrate that event unostentatiously at a
' meeting of the Management and the executives. Nevertheless that day in May 1941
turned out to be one of hoisterous merry-making. Quite unexpectedly the tens of
thousands of Philips workers spontaneously downed tools and set out in procession to
give vent to their feelings of joy — and to their sensc of national pride. Within a few
hours almost the entirc population of Eindhoven had enthusiastically joined in that
demonstration. Although these festivities were abruptly brought to an end by the
threat of armed intervention and prohibitions, there are many who regard that May
day of 1941 as one of the most memorable days of their lives. Now that, on the occasion
of this Diamond Jubilee, liberty and fraternity again reign supreme in our country,
there is every inducement for celebration when looking back upon the past, as
, we shall do in this Jubilee issue. No attempt will be made here to set forth the history of
; the Philips’ concern'as a whole ; this is to be done in some other way. It has been deemed

Spontaneous jubilation on the 50th anniversary of the foundation of the Philips’ Works,

Approved For Release 1999/09/24 : CIA-RDP83-00423R002000130013-1



CPYRGHT

AWAYL

PHILIPS TECIINICAL REVIEW VOL. 13, No. 1-2

best to confine the scope
of this special issuc to some
aspects of the rescarch work
which, from about 1910 on-
wards, has been carmied out
mainly in the Physical Rescarch
Laboratory, and to throw light
upon the importance of that
work for the enterprises of our
Concern. Dr. W. de Groot,
who has been connected with
the laboratory ever since 1923
and thus has been personally as-
sociated with the development
of this rescarch work for the
greater part, having himself
furnished valuable contribu-

tions towards it, was found pre-
pared to wrile a review on the
lines indicated above. It will not lay any claim to being a complete summing up of
all rescarch work carried out — such might well prove to be too dry reading —
but rather it is to be regarded as an illustrated story about the laboratory, showing
in particular the multifarious nature of the problems dealt with and the often
uncxpected new possibilities emanating therefrom.

In conclusion, on behalf of the whole of the cditorial stafl, we extend our sincere
congratulations, on this Diamond Jubilee, to Dr. A, F. Philips, one of the two foun-
ders of the Concern, and further to the Board of Management and to all who have

worked so hard to contribute towards the growth and prosperity of Philips Industrics.
TIIE EDITORS

67084
Aerial photograph of part of the Strijp quarter of the Philips’ Works at Eindhoven.
Thp Phrysical Research Laboratory is outlined. On the extreme left, above the arrow, the tower with television aerial.
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SCIENTIFIC RESEARCH OF PHILIPS’ INDUSTRIES
FROM 1891 TO 1951

INTRODUCTION

With the invention, at the beginning of the
nineteenth century, of the voltaic pile and the
galvanic battery, providing a source of current
with an almost unlimited voltage and a relatively
small internal resistance, in principle also the
possibility of electric light was created. In 1808
Davy succeeded in passing current through air
between two carbon rods of a fow millimetres
diameter. The tips of the carbons and the gas
discharge radiated a bright light. Upon the carbon
tips being spaced a couple of centimetres apart,
owing to convection the discharge assumed the
shape of an arc (an inverted U), which name came
to be used to describe all gas discharges with a
high current density and with a thermionic cathode.

In a certain sense the carbon arc is the precursor
of modern discharge lamps and, in so far as the
light originates from the glowing carbon tips, also
of the incandescent lamp. A second forerunner of the
incandescent lamp is the platinum wire brought to
incandescence by an clectric current, an experiment
which was also carried out by Davy (1802). Carbon-
arc lamps were known about 1850 and, as was sub-
sequently disclosed in the famous law-suit between
Edison and Goebel (1893), also electric incandescent
lamps had already been made at that time. Thesc
sources of light were fed from galvanic batteries. It
was not, however, until the invention of the dynamo
(Siemens 1866, Gramme 1869) that electric light
came to be introduced on any large scale. In 1879,
on the one hand the differential-arc lamp of Von
Hefner-Alteneck made its appearance and, on the
other hand, Edison’s carbon-filament lamp, which
was demonstrated at the Paris exhibition of 1881,
together with the machines for generating the
current and the means of distributing it. That
exhibition aroused interest cverywhere, and it
was shortly after this that E. Rathenau founded
the A.E.G. in Germany.

All this greatly interested the young Dutchman
Gerard Leonard Frederik Philips, born 9th
October 1858 at Zaltbommel, who was studying
at the Polytechnical School (now the Technical
University) at Delft, where he graduated as an
enginecr in 1883. Shortly after that he was given
the opportunity to install electric lighting in some
ships at Glasgow, and there he made the acquaintance
of William Thomson (Lord Kelvin), who was like-

wise greatly interested in electric light. Later on
he conducted negotations for Rathenau in Berlin
between the A.E.G. and the municipality of Amster-
dam about an electric-lighting project, but these
negotiations broke down on account of the high price
per kWh (fl. 0.60) asked for by the A.E.G.

In 1890, when 6800 arc lamps and 118,000
incandescent lamps were already burning in Paris,
four clectric power stations in Berlin were supplying
current to some 3000 arc lamps and 70,000 in-
candescent lamps, and in T.ondon a generating
station was being built for feeding 600,000 lamps of
10 candle power, whilst in the U.S.A. 23,500 arc
lamps and 2,800,000 incandescent lamps had already
been installed, Ir. Philips conceived the idea of
starting a new incandescent-lamp factory in the
Netherlands, others had alrcady been
established, among which were the Pope and the
De Kothinski works. This plan materialised in the
month of May 1891 with the opening of the factory at
Eindhoven. In the course of time G.L.F.Philips
and his younger brother Anton Frederik Philips,
who joincd the firm in 1895, turned this small
factory, with a starting capital of 75,000 guilders,
into a world-wide concern, the parallel of which
is but scarcely found.

where

Tt is not thie intention to enter hereinto the history
of this concern, for this will be found in a book
which is to be published shortly. Instead of that,
a review will be given of the development of the
scientific research, both in the pure and in the
applied sciences, of the Philips Industries and in
particular that which has been carried out in the

Physical Research Laboratory founded in 1914.

The first reséarch work connected with the Philips
busincss was carried out by Gerard Philips
himself. For some time before the factory was started
he was studying the preparation of the carbon
filament and various other processes in a primitive
workshop at home. In November 1890, when writing
to onc of the many people with whom he was
negotiating for the establishing of the new factory,
Ir. Philips wrote: “I am able to produce perfectly
homogencous ccllulose filaments on a business
scale”. Considering, however, what the management
of a rapidly growing young industry involved, and
bearing in mind that up to 1895 both the commer-
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Ir. G. L. T. Philips engaged with his first experiments for
the manufacture of carbon filaments from cellulose (1890).

cial side of the business and the management of the
works were in the hands of one man, obviously this
research work was at first limited to what was
absolutely essential. Technical and scientific help
soon became necessary, espeeially when from 1903
onwards new materials, such as osmium, tantalum
and tungsten, the last of which was destined to be the
filament material of the future, came to be used in
the manufacture of incandescent lamps. Ahout 1907,
at the time that incandescent lamps began 1o be
made with squirted tungsten wire, P. N. L. Staal,
A. de Brockert and II. Gooskens*) joined the
firm as Gerard Philips’s assistants, these being
followed, respectively in 1908 and 1909, by the
chemical engineers J.C.Lokker and A.de Graaff,
and shortly afterwards by the mechanical engineers
II.de Jong, II. Reufel and W. Koning.

In December 1911 the brittle squirted wire was
suceessfully replaced by the more rigid drawn wire.

Thus a technical staff of some size was formed,
comprising people trained in mechanics and in
chemistry, but-it was not long before also the

*) In this review the names of people conneeled with the
Philips Concern are spaced out, while thosc of others are
printed in italies.
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need of physicists began to be felt when, in 1913,
A new development was announced in the lamp-
making world, in the form of the gas-filled lamp.

In the General Electric Company’s laboratory at
Sclwncctady (U.S.A.), where Edison’s work was
carried on and physieists were available, in 1909
Coolidge had found an cntirely new method for
drawing strong, thin wires of tungsten. There
soon [ollowed, in 1913, in the same laboratory,
I. Langmuir’s invention whereby a coiled filament
could be hrought to incandescence in an inert-gas
atmosphere, thereby counteracting vaporization
of the tungsten and thus making it possible to
heat the filament 1o a higher temperature, so that
the laminous output of the lamps could be greatly
increased, Within a very short space of time a num-
ber of other inventions followed from the same
laboratory, such as X-ray tubes with heated cathode
and gas-filled rectifyving tubes.

In November 1913 also Philips brought gas-
lilled tungsten lamps on the market, under the name
of “hall-watt lamps”. In the manufacture of these
lamps and also, for instance, in their photometry so
many problems arose which lay more in the domain
of physies than in that of chemistry or mechanics
that Ir. Philips decided 1o engage a physicist. Thus
on 2nd January 1914 G. Ilolst joined the firm in
that capacity, and this was the beginning of the

66809

Prof. Dr. G. Ilolst, after a painting by S. Schrider.
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foundation of a physical laboratory. Some months
later E. OQosterhuis joined the staff of this
laboratory as second physicist.

It will be shown how the work of the laboratory
established in 1914, starting with the problems of the
manufacture of incandescent lamps, has expanded
into such a multifarious programme, from which
such a wide variety of other products have been
born. In this growth three main periods are to be
distinguished:

1) 1914-1923, the period which saw the first world
which the
located in a part of the lamp factory;

war and during laboratory was

2) 1923-1940, with
a new laboratory specially equipped for the
purpose (in 1929 it was considerably enlarged)
and ending with the occupation of the Nether-

beginning the opening of

lands by ¢nemy forces in the second world war;

3) 1940 up to the present day, covering the years

of occupation and the revival of activity after
the country’s liberation.

1891-1951 5

Dr. F.

Oosterhuis, after a painting by S. Schréder.

THE LABORATORY OF 1914 - 1923

After studying at the Technical University at
Ziirich — where he took his doctor’s degreein 1914 —
Dr. Holst worked for a number of years in the
laboratory of II. Kamerlingh Onnes at lLeyden,
where, inter alia, he took an active part in the
discovery of superconductivity. Thus, in addition
Dr. ITolst
was also technically interested in taking up his

to his bent for purely scientific worlk,

new appointment with the Philips’ laboratory.
Although it was considered as his main task to
study the physical questions arising in the manu-
facture of the tungsten lamp, it was felt at the same
time that it should not be left at that, but that it
was necessary to penctrate to the very roots of the
phenomena to be studied. I'rom the tackling of
subjects on such a wider basis physical science
was primarily benefited, but then this in turn bore
fruit for technical science, often in a surprising
manner, in the form of improvements of existing
products and the opening up of new ficlds of activity.

The study of the tungsten lamp was therefore
the starting point: first the behaviour of tungsten
wire in the processing, and further its behaviour
upon being heated by an clectric current to a high

temperature in a glass bulb cither in vacuo
or in the atmosphere of an incert gas; the
current had to be passed into the bulb via vacuum-
tight and fuscd-in wires.

Owing to the extensive programme of work the
staff soon had to be enlarged. Dr. Holst received
successively the assistance of P. G. Cath, S. Weber,
C. Bol, II. C. Burger, G. Hertz, Balth. van
der Pol, A. Bouwers, A.E. van Arkel, W.Geiss,
J. H. de Boer, P. Clausing, R. Vermeculen,
W. de Groot, C. Zwikker and others, whilst
contributions towards this rescarch were likewise

furnished by L. D. Lely and

Hamburger,

J.A. M. van Liempt, who belonged to the
chemical staff of the works.
As vegards the physical problems  directly

related to the incandescent lamp, first of all there
was the photometry to be studied, particularly
of the gas-filled lamps, since their luminous flux
is distributed in space in a less surveyable manner
than that of vacuum lamps with a lincar filament.
In a series of “Communications of the Philips’
Laboratory” (1918-1919), which in a scnsc may
be regarded as the forerunners of this journal,
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illumination

field of

explained and the basic element< of utility lighting.

conceptions in  the were

fittings. projectors. car lamp~. sunlight lamps.
cte, were dealt with,

Of a more fundamental nature was the investi-
gation of radiation. -uch a~ the speetral
energy distribution of incandescent lamps. At that
Plancls ~till

some scepticism and there was no thought of an

Limne formula wa~ regarded  with
curve or an
~cale™ Much  doubt
Plancl:~

which it was important to know in conneetion

“international relative  Juminosity
“international  temperature
existed as to the constant ¢, in formula.
with optical pyrometry,

Owing to the gradual decline in the Tuminous
intensitv  of  the incandescent lamp-. and parti-
cularly of the vacuum Lkimp-. due to precipitation
of tung=ten on the in<ide of the bulb. a matter
will be reverted to in the

which nexit

thi= review. the studs of ~uch thin lavers of

metal and of the chemical processes taking place

in residual wases was taken in hand  (Ham-
burger).

In connection with the filament problems. the
electrical conductivity and the thermal condaetis ity
of graphite and tung-ten were investigated, as

alxo. in connection with the gas blling. the thermal

conductivity of guses and the vaporization of

tungsten in a gaseous atmo-phere (Weber). Fur-
ther. following investigations  which

Holst had had

conducted by others in the ervogenic laboratory

upon  the

him=elf carried out and seen
at Levden. extensive tests were made with the
argon-nitrogen  ~v~tem. the noxture of gas used
for filling the half-watt lamps.

As fur as the metallurgsy of tung=ten is concer-
ned. with the aid of the then new methods of X-ray
spectroscopy and  Nerav diffraction a0 start was
made with the study of the <tructure of tungsten

\[l\(l) of the

properties  of

and other metal~s (Burger. Van
(e.z0 elastiv)
(Geiss) and of

pounds (Van Liempt il others).

physical tung-ten

the chemistry of tungsten cam-
Of importance. for it~ future  consequences,
was the investigation of electrical conductivity
in gases and their emission of Light when an
eleetrie current i~ pa-~ed through them. This came
about as a result of the method applicd in the
factory for testing the degree of evacuation in
vacuum Lamps and the purity of the gas in gas-filled
lamp= with the aid of a Tesla discharge (spark te-1).
Another. no less important. reason for this investi-
gation being ~tarted was the oceurrence of electrical

breakdown between the extremities of the filament

~ection of

VOL. 13, No. 1-2

in ga~-filled lamps. both when the lamps were
burning and when the filament was broken.
thi~ breakdown it

To combat was

the

neeces=ary

to mahe a  thorough  study  of

The

of gas-dischurge phenomena. already  studied by

passage
af eleetricity through  gases, investigation
Faraday and more intensively by Pliicker. Hittorf,
Crooles, 11, Hertz. Lenard. J. ). Thomson. Townsend
and others. reached a new stage when it appeared
that these phenomena could be related to Bohr's
new theory of the atom (1913). This theory. just
i~ was the case with Planel’s quantum theory,
was at first received with a certain reserve. More-

the 1911-1918 held

back more or less the propagation of Bohr's ideax.

over. the outhbreak of war
Of importance for the laboratory in this connection
were the lectures given in Kindhoven by P Ehrenfest,
~ince 1912 professor in theoretical physies at the
Levden  University and a keen advocate for the
ideas held by Bohro whil<t in 1920 the laboratory
stafl was supplemented by GO Hertz, who in 1914,
together with J. Francl had established the relation-
ship between Bohr's theory and the phenomena
of electrie conductanes in gases< for which. in 1920,
thies were both awarded the Nobel prize. Hertz's
mvestizations will be dizcussed in the next section.

The most important result of the investigation
of ga~ discharges in the period 1911-1023 was the
deeper insight thereby gained into the phenomena
in particular  at

of e¢lectrical breakdown.

low pressure. in rare gasecx between plane,
parallel cold metallic electrodes. and the deeper
knowledge gained of the transition from the non-
the
(Hols1. ”(l\l('rlllli.\).

e~tabliched was~ that the production of electrons

~elf-su~tained  to self-su~tained  discharge

One of the facts thereby

in the glow is due to the action of the positive

ton~ upon the cathode and not. as Toewnsend

imagined it to beo a~ a result of direct tonization
of the ga~ by the positive jons.

The first practical outcome of the investigation
mto ga~ discharges was the appearance in this
low lamp (1917) and the

tung=ten are lamp with neon-filling (1920).

period of the neon

The investigation of rare gases was facilitated
by the fact that ~ince 1916 the Philips" works
had bernmaking (under the guidance of [ FFilippo)
thete own liquid oxygen and nitrogen, [rom which
the rare gasex could be distilled.

Since during the war the importation of N-ray
tubes was ~topped medical practitioners in the
Netherlands sent their tubes to the Philips” works
for repair. Thus interest also came to be taken

in these tubes. not only in respeet to the gas-filled

Approved For Release 1999/09/24 : CIA-RDP83-00423R002000130013-1




CPYRGHT

Approved For Release 1999/09/24 : CIA-RDP83-00423R002000130013-1

JULY-AUGUST 1951

tubes that were then being used but also in the new
Coolidge vacuum X-ray tube with a hcated
tungsten filament as electron source.

The study of the manner in which the metal
leads could be passcd through the glass of the
lamp bulb led to the production of ferrochrom-
ium alloys which have about the samc coeffi-
cient of thermal cxpansion as that of glass and
which can be fused onto glass. Prior to this, the
leads were of platinum wire, later of iron wire
coated with copper; for other glass-metal joints
purc copper was used, which differs in expansion
from glass but owing to its softness changes shape
while cooling. With the new alloys (Bol, Bouwers,
B. Jonas) there was no need to make allowance
for any deformation during cooling, so that the
leads and connections could be made much stronger
and fusing-in was no longer confined to thin-walled
tubes. This led to the construction of metal trans-
mitting tubes and metal X-ray tubes. In connection
therewith it was of importance that in 1916 Philips
had started a glass works of their own (P. J.
Schoonenberg).

In 1883 Edison had discovercd that an clectric
current flowed through the vacuum between the
poles of the filament in his incandescent lamps,
a fact which we now know to be caused by clectron
emission. Following upon Richardson’s investigation
of clectron emission, in 1904 Fleming had invented
the diode and in 1907 Lee de Forest had made the
first triodes by adding a grid. Simple receiving
triodes werc produced by Philips in 1917, these
being followed by transmitting triodes and
diodes for rectifying alternating currcnts, Soon a
systematic study of the phenomena in the radio
valve was started. In 1922 Balth. van der Pol
(a former pupil of II. A. Lorentz) was charged with
radio research™).

1891-1951 7

In connection with the manufacture of radio
valves, wherchy use was made of the electron-
emitting properties of tungsten, further investi-
gations were carried out with a view to finding
materials which could replace tungsten and give a
greater emission for a smaller filament power.
In 1921, as a result of new ideas about the theory
of atoms, Coster and Hevesy discovered the element
hafnium, related to zirconium. Great cxpectations
were held about the thermionic emission of this ele-
ment, and the preparation and study of this new
material was energetically taken in hand in the
Philips’ laboratory. Though this did not culminate
in the important results that were expected of it,
the chemical and metallurgical experience thereby
gained was useful in many respects.

The ever-increasing amount of rescarch work to
be carried out demanded morc space, so that in
1922 it was decided to build a new laboratory,
which was completed and taken into use in 1923.

67062

Memorial tablet in the hall of the Resecarch Laboratory pre-
gented to Ir. G. L. T. Philips on the occasion of his 50th
anniversary as Engincer in 1933.

On 1Ist April 1922 Dr. Ir. G. Philips, who during
the first world war had had the honorary degree of
doctor in the technical sciences conferred upon
him at Delft, resigned his co-dircctorship at the age
of 63. He died at The Haguc on 26th January 1942,

THE NEW LABORATORY 1923 - 1940

The new laboratory, situated in a part of Eind-
hoven which in 1923 was still on the outskirts of the
town, was taken into occupation in November that
year by a staff of 15 graduated physicists, chemists
and cngineers with about 20 assistants, instrument-
makers, glass-blowers, ete. By 1939 there were 106
scientists and 360 assistants. The number of publi-
cations issued by the laboratory in the period 1914~

*) Since 1949 Prof. Dr. Balth. van der P’ol has been
Director of the Comité Consultatif International des Radio-
communications at Geneva.

1923 was about 150 and in the pcriod 1923 - 1940
about 1500. A review of research done in this latter
period must thercfore be limited to the main lines
and some outstanding points.

The work begun in the old laboratory was contin-
ued in the new under more favourable circumstan-
ces. With the larger space available and the increase
of staff there was morc opportunity for deceper
and more far-rcaching investigations. It should be
mentioned that Dr. Holst always left his scientific
staff a high degree of frecdom.
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It is impossible, in thix short survey, to give a
proper account of the various wavs in whiech
Dr. Iolst stimulated his many co-workers. The
few places where TTolst is explicitly named here,
certainly give an imperfcct impression in  this
respect. The same applies to Dr. Qusterhuis,
who (until 1946) held the position of Viee-Director
and supervised a team of workers engaged in prac-
tical radio resecarch.

Of course rescarch work was still bound to a cer-
tain extent to the factorics and their production.
The laboratory was expected not only Lo cvolve new

VOL. 13, No. 1-2

ideas leading to new products or to the improve-

ment ol existing ones — ideas which were suitable
for patenting — but these ideas had also to be

brought to fruition for manufacture. Further, a
certain amount of service was called for, such as the
calibrating of measuring instruments, examination
and testing of materials, ete. Thus, side by side
with the purely scientific work. more and more work
of a different nature had to be done. This is the
reason why the number of publications issued year
by year did not grow in proportion to the growth
of the stafl.

For a better comprehension of the vastness of the
laboratory work this has been divided into five main

groups. viz:

I. Light and the production of light, including
gas discharges,

IT. Electrotechnics and radio, including acoustics.
IIT. Chemistry, including metallurgy.

IV. X-ray investigalions.

V. Mathematics and mathematical physics.

These main divisions have to be taken broadly,
and furthermore there are important connections
between them, The X-ray examination of crystals,
for instance, forms a link between the groups II1
and IV, the examination of magnetic materials links
up groups Il and III, whilst the problems coming
under the heading V mostly arise from other groups,
especially from group IL.

The Physical Research Laboratory in 1923,
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I. Light and gas discharges

Investigations in connection with incandescent
lamps, as far as the new laboratory is concerned,
were more or less terminated about 1925 by
Zwikker's thesis on the physical properties of
tungsten as functions of temperature, which work
can be placed side by side with similar work in the
U.S.A. In the lamp factory, where a physico-chem-
ical laboratory continued to be maintained, for
many years much important work was done by
Van Licmpt, Geiss and others in the ficld of the
chemistry of tungsten compounds and the metal-
lurgy of tungsten.

1891-1951 9

appeared that an arc discharge can take place in a
rare gas when there is a potential difference between
anode and cathodc lower than the lowest excitation
potential. Other investigations concerned the nega-
tive glow discharge, especially the heating of
the anode when clectrons enter it, and the thermal
cffects arising at the clectrodes of the tungsten arc
lamp. Important work was by done by F. M.
Penning in regard to clectrical oscillations
inaD.C. discharge in mercury vapour of low pres-
sure; in deviation from Langmuir’s findings (1925)
it was proved that abnormal velocities of electrons
in such a discharge are due to the said oscillations.

Department for testing materials used in the Philips’ Works,

The investigation of gas discharges, which had
been begun by Holst, Qosterhuis and Hertz
in the old laboratory, was continucd in the new onc
on a wider scale. Hertz had worked out mecthods
for accurately measuring excitation and ioniza-
tion potentials, mainly of rare gases, and ecstab-
lished a relationship between these quantitics and
the spectrum (term diagram). The resonance lines
of all rare gases were photographed with the
vacuum spectograph and their wavelengths
accurately determined. Furthermore, following up
the investigations of Iolst and Qosterhuis, the

low-tension arc was investigated, when it

For Hertz’s experiments an cquipotential cath-
ode was used which had been coated with barium
oxide, obtained by oxidation of barium applied to
the cathode in the form of an azide and then
thermally decomposed. The experience gained with
these oxide-coated cathodes was of direct use for
the manufacture of radio valves. Tungsten as clec-
tron-emitting substance was very soon replaced by
materials (dull-emitters) which alrecady give ade-
quate thermionic emission at a lower tempceratue.

Oxide-coated cathodes soon came to be used also
for rectifying tubes filled with argon and mercury and
for gas-discharge lamps (mercury lamps, ncon tubes).
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The study of the speetra of rare gases had revealed
that the atoms of these gases, namely of argon and
neon, may bhe in an excited state whick cannot be
transformed into the ground state by radiation, such
a state being called a metastable state. After the
departure of Herez in 1925, 1. B. Dorgelo, who
in collaboration with Burger and Ornstein had been
studving in Utrecht the intensity rules for
multiplets in speetra. which study was continued in
Eindhoven. wok up the study ol metastable atoms,

PHILIPS TECIHNICAL REVIEW
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non-metastable state and then to the ground state.
It was also found possible by this means to raise the
voltage drop of a positive column in a mixture
of neon and argon by irradiation with neon light,
and even to guench the dizcharge if the voltage
applied is low enough.

The effeet of the ionization through metastable
atoms s alse apparent when investigating the
breakdown voltage F, between plane parallel plates
as a function of the product pyd (py = pressure

Tungsten-ribbon lanps made in the laboratory to serve as light suurces for various optical
methods of measuring, The second lamp from the left has been so shaped that the light

reflected by the bulls does not pass through the

does nat interfere with the measurement,
windows placed somewhat obliquely, this 1

These atoms are capable of absorbing and re-emit-
ting certain spectral lines which the normal gas
allows to pass through unhindered. With the aid
of this absorption the lifetime of metastable
atoms was investigated with respeet to the in-
fluence of temperature and gas pressure,

Owing to their energy of exeitation, in a gas mix-
ture metastable atoms of one atomic kind (say
neon) may ionize other atoms (say of argon), such
being possible under the condition that the joni-
zation potential of the second gas is lower than the
potential corresponding to the metastable levels of
the first gas. In such gas mixtures various factors.
such as the breakdown voltage. are greatly in-
fluenced by =mall amounts of the readily ionizable
zomponent.

This was further investigated by Penning. The
fact thac the lowering of the breakdown
voltage iz due to the action of metastable atoms
was proved by demonstrating that the breakdown
voltage of ncon, lowered by the addition of argon,
rose again when the neon was irradiated with
light which is absorbed by the mestastable atoms,
as a consequence of which these atoms, while emit-

Ling resonance radiation, show a trapsilion Lo a

(planc-paralle]l ground) window and thus

Phe third lamp from the left has two {lat
seing uscful for optiral pyrometry,

reduced to 0 C. d - distance between clectrodes),
thus determining the Paschen curve. Instead of
just one minimum (optimum ratio of ionization and
excitation) this curve then shows two minima,
owing to an increase of metastable atoms and thus
the formation of “secondary™ ions accompanying
increased excitation.

Another anomaly of the Paschen curve occurs
at values of ped - (pod)in. Normally ¥V, increases
monotonically with deereasing pyd, or, what amounts
to the same thing. pd decreases monotonically
with increasing V. In the case of helium it is
remarkable that pyd as a function of T, shows a
minimum and a maximum. so that in a certain
range of pyd values three eritical values of the
potential are found. V. F, and V,. Breakdown

takes the Va

answers to V-V, <V, or V, V,. The same

only place if applied  voltage
anomaly is found when in the case of stronger
currents the voltage is investigated as a function
of the current.

The study of the relation bhetween the current i
and the voltage Fin dixeharges, as described above,
led also to interesting data being collected in regard
to the stability of gas dixcharges, a subject which
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was further investigated later in the Laboratory for
Technical Physics at Delft University by Prof.
II. B. Dorgelo, Chr. van Geel and C. Verhagen.

Finally therc were interesting investigations into
the influcnce of magnetic fields upon discharges.
Apart from the fact that the discharge as such forms
a “current conductor” which in the magnetic field
is subject to a force perpendicular to the current and
to the magnetic lines of force, there is the influence
of the magnctic ficld upon the paths of the individual
clectrons. The latter is particularly manifested at
low pressures, where the electrons have a long free
path. Following upon Penning’s investigations
into this field a vacuum meter was constructed
in which the current in a gas placed in a magnetic
field serves as a measure for the pressure. With this
meter direct readings can be taken of pressures be-
tween 107° and 10~ mm Hg and, for example, the
improvement of the vacuum in pumping installa-
tions (such as in the case of the clectron micro-
scope and the cyclotron) can be followed from one
minute to the next.

We must now consider the development of
gas-discharge lamps. In 1923, following Claude’s
example (1910), the manufacture of ncon tubes for
advertising purposes was begun. These tubes had
(cold) iron electrodes. Instead of neon, which gives
a typical red light, other rare gascs, such as helium,
were used and also mixtures of a rare gas and mer-
cury vapour. The colours could be given more

1891-1951 11

variation by using coloured glass for the tubes. Later
on, also fluorescent glass was used and fluorescent
powders were applicd to the inside of the tubes so
as to producc new colour effects. With the intro-
duction of the oxide-coated cathode, already ap-
plicd for rectifying valves, it was possible to make
neon tubes for stronger currents and a lower
voltage, which came to be used as beacon lights for
airfields and as light sources for special purposes
(irradiation of plants).

Scientific rescarch kept pace with this develop-
ment. As is known, in the case of a discharge in an
clongated tube Faraday had alrcady distinguished
a cathodic part (glow discharge) and an anodic part
(positive column), the two being scparated by
,»Faraday’s dark space”. It is the positive column
that produces the light in neon tubes, the glow
discharge at the cathode being of no importance
in this respect. The positive column was
thoroughly investigated, theoretically as well as
cmpirically, by M. J. Druyvesteyn, after Schottky
had yielded an important contribution to the theory
of this discharge. An important concept is that of
the clectron temperature, which characterizes the
velocity distribution of the clectrons in the column
and can be mcasured with the well-known probe
method of Langmuir. Druyvesteyn was able to
deduce that in the absence of cumulative processes
the clectron temperature is, to a first approximation,
proportional to the ionization potential of the gas.

Central workshop of the Physical Rescarch Laboratory.
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Among the discharge lamps with a filling of rare
gas and metallic vapour the sodium lamps occupy
a special place. It is well worth while outlining the
development of the <odium lamp in the Philips
laboratory. Discharges in sodium vapour had already
been investigated and used. In 1919, for instance.
such a discharge was deseribed by R. .J. Strutt
(Lord Rayleigh's son). In 1923 _f. I{. Compton and
Van Voorhis (Westinghouse) investigated a large
number of gases and vapours for their ability
of producing light and thereby found also the high
light-vielding capacity of <odium vapour. They
even patented a speeial kind of glass resistant to
sodium. but thi= did not lead to any useful lamp
heing developed.

In 1925 ¢;. Herts demonstrated in the laboratory
a low-tension arce in sodium vapour in a bulb of
about 7 em diameter. The bulb was fitted with an
oxide-coated cathode and an anode. and the sodium
was introduced into the bulb by electrolysis through
the glass wall, with the cathode acting as negative
pole and a bath of molten NaXO, as positive pole
(Warburg’s method, 1890). This lamp was placed
in a furnace with a temperature of about 250 €
in order Lo maintain a sulficiently high vapour
pressure of the sodium,

Atlention was again drawn lo sodium as a source
of light when G. Zecher set out Lo improve. in
the Philips” laboratory. the vield and the colour
of the light of ncon tubes by introducing a small
amount ol lithium into the tube. This was an ob-
vious mean=, since from the works of Kirchhoff and
Bunsen it had become known that lithium gives a
flame a bright red colour. However, something
quite unexpected happened: the lithium attacked
the wall of the tube and thereby released sodium. so
that a sodium lamp was formed unintentionally.
This lamp and a number of similar tubes. in which
sodium was purposely added to a rare gas. have been
used as polarimeter lamps in the laboratory for
a number of vears,

Meanwhile investigations conducted by Pirani
that

favourable conditions more than 959 of the energy

in the Osram works had shown under
absorbed by the column could be converted into
sodium light, and the Osram works also brought a
polarimeter lamp on the market.

At that time the investigations carried out in
Philips” laboratory had turned in another direction.
The use of the mercury lamp a= a source of light for
medical ray treatment had led to a closer study
being made of the connection between vitamin D
and rachitis. It appeared that vitamin D could be

produced by irradiating ergosterine with light of a

VOL., 13, No. 1-2

wavelength between 2800 and 2900 A, which could
be produced by a mercury lamp or a magnesium
spark. This complexity of phenomena was investi-
gated by K. 1 Reerink and A, van Wijk, The
demand arose for a speeial <ource of light for the
production of vitamin D and for anti-rachitic ray
treatment. Magnesium proved to be the most
suilable element for this, This led to the construe-
tion of a low-tension are lamp with a mixture of

rare gas and magnesium vapour; the magnesium

An old sodium lamp (for direct current) and @ lamp for con-
nection (via a choke) to 220 V alternating current. cach with
its vaenum envelope. The DG, lamps. in groups of 30 to 40
cannected in series and fed from a rectifier. were used for the
first installatinns for road lighting with sodinm lamps (1932),
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was contained in the anode and evaporated into
the discharge.

This opened the way to the construction of other
metallic-vapour lamps by the same means. In con-
nection therewith, for instance, sodium was investi-
gated ancw and this led to the production of a low-
tension arc lamp fed with dircet current and filled
with a mixture of ncon and sodium vapour, which has
a favourable luminous cfficiency (50-60 lumens per
watt) (De Groot and E. G. Dorgelo). In order to
give the sodium sufficient vapour pressurc the bulb
was thermally insulated by placing it inside another,
evacuated, bulb. Experimental lighting systems
installed in a corridor in the laboratory and later
on in onc of the roadways on the factory sitc soon
demonstrated the excellent qualitics of sodium light
for road-lighting purposes. After the construction
of the lamp had been improved and it had been
given the form of a single bulb contained in a
Dewar flask, these experiments were continued on a
more cxtensive scale, inter alia in. cooperation with
Prof. Dr. H. C. J. II. Gelissen, on, stretches of road
forming part of the Dutch network of highways
(1932). Mcanwhile Druyvesteyn and W. Uyter-
hoeven had been further investigating the posi-
tive column in mixtures of sodium and rare gas,
whereby it was found that this discharge, in a tube
placed in a Dewar flask, is less susceptible to changes
in the ambient temperature than the low-tension arc
lamp. It is to the merit of Bol, who had also given
the low-tension arc lamp a shape suitable for manu-
facture, that the A.C. column lamp with vacuum
envelope was developed into a practical unit which
for the greater part can be manufactured mechani-
cally, also as far as the glass envelope is concerned.
The discharge tube proper has the shape of an clon-
gated U. By 1940 more than 100,000 of thesc lamps
had been. installed. Abroad too, where similar lamps
had ‘likewise been developed, numerous lighting
projects were carried out with sodium lamps, some
of which by Philips. )

Lighting with mercury lamps has also to be
discussed. Compared with sodium lighting, at first
Philips took little interest in. mercury lighting. Since
the investigations of Kiich and Retschinsky (1907),
which resulted in the appecarance of the quartz-
mercury lamp with mercury-pool electrodes (arti-
ficial sun), it had bcen found that with mercury
vapour under high pressure (1-3 atm) a source of
light of high efficiency could be obtained. The spec-
tral composition of this light shows a striking lack
of red and as a conscquence colour rendering is
inadequate. But with sodium there is still less
colour rendering and when this drawback came to be
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generally accepted for the sake of the other, favour-
able, qualitics of sodium light (cfficiency, visual
acuity, contrast) there was every inducement to try
out also the mercury lamps. Great Britain set the
example by installing cxperimental lighting with
high-pressure mercury lamps, with oxide-coated
cathodes, on somc¢ highways. Eindhoven, too,
very soon started producing these lamps. But
meanwhile further developments were taking place.
The cxperimental and theorctical investigations
carricd out by W. Elenbaas very soon made it
possible to survey the whole ficld of mercury dis-
charges as functions of the various parameters
(dimensions of the tube, mereury pressure, current
and voltage). For instance, a principle of similarity
could be worked out, whereby the number of essen-
tial parameters could be reduced and it could casily
be predicted what the behaviour would be of a
lamp with certain dimensions and containing a
certain amount of mercury.

It was again Bol who succeeded in drawing prac-
tical conclusions from this study and arrived at a
very compact construction of mercury
lamps, which, howcver, only beccame possible
after II. J. Lemmens had worked out a method
of fusing tungsten leads to quartz, using only
one intermediate glass. Thesc lamps, only a few
centimetres in length and with an internal diameter
of 2 mm, were so designed that part of the mercury
remained in the liquid state. Owing to the con-
siderable heating of the wall of the tube these
lamps were cooled with water. The internal pressure
amounted to 100 atm and more. These lamps are
being used for cinema projectors, in television
studios and in scarchlights, in general wherever
there is no scrious objection against the installation
of a water-cooling system.

Another type, with a determined quantity of
mercury which entircly evaporated during the
operation of the lamp, had no nced of any forced
cooling. The cquilibrium pressure was 5 to 10 atm.
This type of lamp found extensive usc for road light-
ing. In order to limit the preheating time the lamp
proper, which has an internal diamecter of 10 mm
and a length of 35 mm, was placed in a normal
incandescent lamp bulb filled with an inert gas to
prevent oxidation of the leads. Notwithstanding
the fact that at this high pressure the mercury
spectrum shows, in addition to the much widened
mercury lines, a continuous background extending
into the red, colour rendering is inadequate, just
as is the case with the lamp with a pressure of
1 atm. This drawback can be remcdied by admixing
incandescent light, but then the efficiency of the
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whole is reduced. Later it was found pessible to
improve the colour rendering by coating the inside
of the outer bulb with substances which fluoresce
under the influence of the ultra-violet rays of the
mercury light.

Even when corrected with incandeseent light or
by means of a (red) fluorescing substance, however,
for various reasons these lamps are not suitable for
indoor lighting. In thix direction gas-discharge lamps
appeared in a different form. Starting from the low-
pressure mercury discharge, whereby the emission
of the visible mercury lines is only small and
mainly the ultra-violet resonance lines of 2537 A

and 1849 A are produced, these ultra-violet ravs

were converted into visible light by means of

fluorescence. Philips contributed much towards
the development of these “TL” tubex. By coating
the
suitable mixture of fluorescent substances (MgWo,,

(Zn,Mn),Si0,, Cd,B,0,-Mn, (Zn,BeMn),Si0,. and

later

inner wall of the dixcharge tube with a

also other substances,
such as halophosphates) it was
possible to produce a white light
with a spectral energy distri-
bution sufficiently  approxi-
mating that of davlight or of
incandescent light.

Such lamps as these. with a
gross output of 40 to 530 lm W,
arc being used more and more
for all forms of utility lighting,
such as in the home. work-
shops, offices, shops, ete.. and
for road lighting.

J. Voogd and others have
been  occupying  themselves
with the photometry of gas-
discharge lamps.

The

development  of  gas-
discharge lamps with their
spectral  energy  distribution

differing =0 greatly from in-
candescent light, their extensive
applications for road lighting
and the
rendering all called for a pro-

problems  of colour
found study of the properties
of the human cye and the
faculty of ~ceing under different
levels of brightness. In  the
Philips’ laboratory these prob-
lems were energetically tackled
by P. J. Bouma and A, A.
Kruithof.

Bouma revived

YOL. 13, No. 1-2

interest in the more or less forgotten work of
AA. Kénig (1891) on the subject of secing at low
hrightnesses and he strougly advocated the ideas of
Schradinger (1920) in regard to the use of the colour
space for colorimetric problems. Ilis division of the
visible spectrum into cight sections as a mcans
of judging colour rendering has come to be of
almost universal use, at least in Furope. For
the
analvsis a special photometer was constructed by

P. M. van Alphen.

the practical application of cight-section

II. Electrotechnies, radio and acoustics

From the manufacture of incandeseent lamps
a number of important electrotechnical products
have emerged which are related to the property
of the filament 1o cmit eleetrons, an effect which,
as already remarked, was discovered in principle
by Fdison and subsequently investigated quanti-
tatively by Richardson,

|

v
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Library of the Physical Research Laboratory.
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As a result of this investigation there appeared,
as we have seen, first rectifying valves and radio
valves with tungsten filament in vacuo, whilst
Philips followed the G.E.C. in producing gas-filled
rectifying valves with coiled tungsten filament.
An important improvement was the replacement
of the helicoidal tungsten filament in thesc valves
by an oxide-coated cathode (J. Bruynes).

With the introduction of the oxide-coated cathode
many morc uses were found for rectifying valves,
because on the one hand larger emission currents
were obtained, thercby extending the field of appli-
cation to heavy currents, whilst on the other hand
the lifetime of these tubes was so extended as to
be dependent only upon the chance of accidental
damage (breakage or breakdowns) and not upon
exhaustion of the thermionic propertics of the
filament (J. G. W. Mulder).

The field of rectifiers is an interesting example of
a case, often seen, where a phenomenon first found
as a small effect, so small that its cxistence might
be doubted, ultimately finds application on a
scale precluding any doubt as to its reality. The
currents studied by Richardson could at first only
be measured with a sensitive galvanometer. Now
a rectifying valve with an emission current of 100 A
is nothing rare.

Rectifying valves are now being made for high
as well as low \}oltages. Valves for low voltages
(some tens of volts) are used, for instance, for charg-
ing batteries and feeding cinema arc lamps (D. M.
Duinker). In X-ray practice, on the other hand,
rectifying valves arc employed which can withstand
voltages exceeding 100 kV, thanks to their being
given a suitable shape. Another important product
was the welding rectifier, characterized by a very
heavy current (H. A. W. Klinkhamer).

Within the scope of rectifier rescarch mention
is to be made also of the work donc in developing
blocking-layer rectifiers, and in connection there-
with the investigations with selenium (W. Ch.
van Geel, N. W, H. Addink).

With the advent of the triode as receiving and
transmitting valve round about 1914, radio entcred
upon a new cra, a development to which Philips
laboratory contributed in no small degree.

It is remarkable how often in the ficld of radio
practicc has been far in advance of the thcory.
The triode proved to answer its purpose well and
was already being applied on a large scale ever
before the relative problems, such as the calcula-
tion of the ficld between the clectrodes and the
behaviour of the electrons in that field, had been
really mastered; the propagation of the radio waves
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over long distances had been found practicable
long before scientists had got to the bottom of the
actual reason for it and before the clectromagnetic
equations governing the propagation along the
carth’s surfacc had been satisfactorily solved. In
the long run, however, it is essential to gain the
fullest possible insight into the theory of the
phenomena, and for that reason Philips have
always devoted much attention to their theoretical
investigation. Many other problems remained to be

A corner of the glass-blowing shop of the Physical Rescarch
Laboratory.

solved in connection with the practical application
of radio valves, and so in the new laboratory radio
investigations were divided among a number of
groups of rescarch workers. B. van der Pol was
charged mainly with the conducting of theoretical
radio investigations, whilst the more practical
investigations were carried out by E. Oosterhuis,
P. R. Dijksterhuis, Y. B. F. J. Groeneveld,
H. Rinia, B. D. H. Tellcgen and many others.

Van der Pol had begun in 1922 with the study
of the triode. It had been found that the flow of
clectrons to the grid and the anode, respectively
iz and iy, is a function of the voltages V, and ¥V
respectively at the anodc and at the grid with res-
pect to the cathode. A three-dimensional plaster
model was constructed with which this relation-
ship could be visualized. Then attention was paid
to the paths followed by the electrons under the
influence of the field and to the sccondary emission
caused by the electrons impinging on the anode,
the cffect of which can be demonstrated with the
plaster model. Further problems werce the distri-
bution of the electron stream between grid and
anodc and the effect that space charge has upon
the field; for the study of these problems a found-
ation had been laid by the theoretical investigations
of Langmuir and Epstein.
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The problem of the motion of the electrons, which
has always demanded attention in connection with
the construction of radio valves, was subsequently
J. A, Kleynen
J.L.1L. Jonker with the aid of a model employing
balls

of rubber. This device has proved to be of great

investigated by P, 1L and

small  steel made to roll over a sheet
value in cases where the mathematical approach
to the problem is too complex. Another means of
circumventing mathematical difficultics was the
measuring of ficlds of complex eleetrode systems
with the aid of the electrolvtie tank.

In conneetion with the phenomena arising in
the radio valve mention is also to be made of the
extensive investigation of fluctuation phenoms-
Bakker
M. Zicgler, which later on was extended to higher
frequencies by M. ). O, Strute, A, van der Ziel

and others.

ena (noise) carried out by €, J. and

I'urther, there was the investigation made by
the
emission of xolids, not only

IT. Bruining into sccondary cleetron
in conneection with

the occurrence of this emission in ordinarv radio

valves but also with a view to the construction of

special valves in which secondary emission is brought
about purposely in order to produce special effects.

Following upon the study of the radio valve as
such. its behaviour was investigated when cmploved
as an ampliflicr or as an o=cillator in a network com-
prising capacitances, resistances. self-inductances
and mutual inductances.

An cleetric network i< a system which ax a rule
is governed by a number of linear differential ¢qua-
tions. With the introduction of radio valves in the
network not only are negative resistances intro-
duced, which make it possible for oscillations to
be generated, but alzo non-lincar terms then enter
into the equations and make the problem more
complicated.

Van der Pol succeeded in working out a non-
lincar differential equation in a simple form (the
Van der Pol equation) which incorporates all
essential data involved in the case of oscillations
and the limiting of oscillalions in networks. This
equation,

v—e(l—e¥)p =0,

contains a~ parameter the factor e, which to a
considerable degree determines the behaviour of the
solution. It appeared that within a certain range
of values (¢ 2+ 1) the oscillation bears a character
differing greatly from the known behaviour. Van

der Pol named these relaxation oseillations.

As opposed to “ordinary™ oscillations ax may occur

VOL. 13, No. 1-2

when the system comprizes mainly C’s and L’s,
amd which have a sharply defined eyele, while the
amplitude  depends upoen various sccondary con-
ditions, relaxation oscillations may arise in systems
which are governed mainly by s and R's. In the
latter case the amplitude of the oscillations is deter-
mined by the system, while their frequency is highly
sensitive to external distarbances., Thus a system
showing relaxation oscillations, such as a glow lamp
shunted by a capacitor charged by a voltage source
via a resistor, can casily be svnchronized with a
periodical signal, a principle widely used nowadays

in television,

kY
i1

nd

Small steel balls made to roll over a sheet of rubber give
a picture of the paths followed by clectrons in, for instance,
clectronie valves,

With the aid of relaxation oscillations it is also
casy to demultiply (requencies (frequency dividing)
and to produce the sub-harmonies, in contrast to
the formation of higher harmonies, which can be
obtained by connccting non-lincar impedances to
a normal oscillatory circuit.

A~ Van der Pol pointed out, the concept of
relaxation oscillation is also of biological importance,
where the réle of “resistance™ is performed by some
diffusion  phenomenon  governing  the biological
process. lixamples are the reaction of plant foliage
to the alternation of day and night and the func-

tioning of the human heart.
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Van der Pol and J. van der Mark succeeded
in constructing an electrical model of the heart,
built up from a number of glow discharge lamps,
capacitors and resistors, with which not only the
functioning of the normal heart but also certain
pathological aberrations could be imitated. To
our minds the medical world was too sceptical
about the value of that model at the time. It ortun-
ately, however, medical scientists of the present day
are showing more and more interest in the results
of clectro-physical and elcctrotechnical work, as
for instance in neurophysiology. There are many
indications that in the near future closer cooperation
between the medical practitioner, the physicist
and the electrical enginecr, with mutual appreciation
for the experiences and views of cach, will prove
to be of great advantage to all concerned, including
the patients.

An important part of radio research is that con-
cerning the propagation of elsctric waves and the
interaction. between
First of all mention is to be made of the investiga-
tions relating to skin effect and to the penetra-
tion of clectromagnetic alternating fields in condue-
tors. The practical side of this subject was made
manifest in the manufacture of radio valves, where-
by the valve was placed in a high-frequency mag-
netic field for degassing various parts mounted in it.
It was of importance to be able to predict the degrec
of heating of the parts (plate, cylinder, grid) as
a function of the field strength and of the orienta-
tion in the field: this problem was thoroughly in-
vestigated in the laboratory by M. J. O. Strutt
and others. Of particular interest are the phenomena
taking place in bodies of a magnetic material,
for there it may happen that above the Curie point
(# ~ p,) the product ud (u = Uotr = permeability,
0 = depth of penctration) is small with respect
to the dimensions and below the
(# > wy) large. As demonstrated experimentally
by-J. L. Snock, this has remarkable consequences
when small objects of magnetic material are sub-
jected to high-frequency heating. Upon the field
strength being reduced the temperature remains
high, owing to sufficient power being absorbed
even when the field is weak. When, however, the
temperature drops below the Curie point the ab-
sorption of power rapidly decreases and the field
has to be made much stronger to heat the body to
a high temperature again,

these waves and matter.

Curie point

The radiation from aerials was investigated
both empirically and theoretically. As far as the
experimental work is concerned, extensive measure-
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in areas covered by various broadcasting stations
all over the Netherlands (R. Veldhuyzen).

Theoretically the problem of wave propagation
for a free radiating dipole had alrcady been solved
by II. Ilertz. When the dipole is placed over an in-
finite, perfectly conducting, “flat earth” the ficld
of the dipole and that of its reflected image can
simply be added together. Considering, however,
that the conductivity of the earth is finite and that
it has a finite relative diclectric constant, the
problem is much more complicated. For this case
Sommerfeld arrived at an exact formula as far back
as 1909, but this formula is not suitable for calcula-
tions. Therefore at the same time an approximative
formula was given for calculating the field strength
at the earth’s surface. In 1919 the same problem
was tackled once more, but in a different way, by
Weyl, and in. 1926 Sommerfeld showed that Weyl’s
result agreed with his own. But he then put his
approximative formula in a somewhat different
form. Much has been written on the question which
of the two formulac, that of 1909 or that of 1926,
“correct” one and what was to be decided
by experiment. Important contributions on this
subject were given by Van der Pol and his co-
worker K. F. Niessen (one of Sommerfeld’s
pupils), who arrived at a strict solution in a new
form, and further by the Americans Norton and
Burrows; the exact experimental determinations
carried out by the latter proved to be in agrecement
with the formulae given by Weyl and by Van der
Pol and Niessen.

was the

Another question of practical importance is
what part of the energy radiated by a dipole is dissi-
pated in the carth, since from that the efficiency
of a transmitter can be calculated. This mathcematic-
ally complicated problem was solved by Niessen
(1940) by employing Sommerfeld’s exact formula.

The problem of the propagation of the
waves over a spherical surface has been the
subject of an intensive investigation by Van der
Pol and H. Bremmer following upon Waison’s
work. Since in the formulac the dimensions of the
spherical surface and the wavelength are not bound
to certain values, these apply also in other realms
of physics, such as for the interaction between light
waves and droplets of water (the rainbow). A
remarkable theoretical result, for instance, is that
the radiation of the rainbow shows polarisation.
This can now easily be verified with the aid of
“Polaroid” spectacles; it scems that meteorologists
had never noticed it.

In the investigations referred to, the atmosphere

ments i J . e
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Bremmer contributed important information on
propagation in an inhomogencous atmosphere
(the ionosphere, “ducts™). In Great Britain the
investigalion of the ionosphere had been taken
up experimentally on a wide busis by Appleton,
who gave a lecture on this at Eindhoven in 1930.
The root of the problem. for which no solution had
then been found, lay in the relation between the
virtual height (velocity of light in vacuo X halfl the
reflection time) as a function of the frequency and
the concentration ol {ree electrons as a function
of the height above the carth. From the discussions
held at Eindhoven it appearced that, when ignoring
the magnelic ficld, this relationship is given by an
integral equation of Abel, 5o that the result can be
written explicitly.

At certain frequencies the reflection time is in-
{inite. Van der Pol saw in this a connection with
the mysterious “delayed echos™ which at that time
It is to be
noted, however, that Stérmer had quite a different

were puzzling many radio amateurs.

explanation for this phenomenon and attributed
it to charged particles coming from the sun
at a great distance {rom the carth (108 km and
more).

A remarkable effeet of the ivnosphere, discovered
the
waves of dillerent frequencies. In the empty
the Maxieell
the prineiple of superposition applies

at Eindhoven. is interaction of radio

space, owing Lo the linearity  of
cquations,
exactly, xo that two wave xystems mmay penetrate
ecach other without any mutual interference. In
the ionosphere, however, the interaction is partly
of a non-lincar nature, with the result that waves
Propaga‘l.nd through the ionosphere over a powerlul
transmitter become modulated with the frequencies
of that transmitter. Tellegen observed this at
Eindhoven in the case ol signals {rom the Bero-
miinster station, which were subject to interference

from the powerlul Luxemburg station.

In addition to this, for the greater part, purely
scientific rescarch a considerable amount of work
was dirceted towards the practical side of radio,
in connection with both radio valves and {urther
radio cquipment. Above all, as was only natural,
radio valves underwent repeated changes. There
was a universal rational dimensioning of the various
clectrodes. In many cases the filament was replaced
by an indirectly heated cathode. A second grid
was introduced, first as space-charge grid and later
as screen grid (Hull). so as to render the ig-Tyg
characteristic less sen=itive to anode voltage fluctu-
ations and, furthermore, with the object of reducing

the capacilance between the control grid and the
anode, which was found desirable on account of the
ever higher frequencies  at which transmitting
stations were working.

With the tetrode thus formed much trouble was
experienced from the secondary cmission of the
anode. Tellegen therefore introduced between
sereen grid and anode a third grid (suppressor grid)
to hold back the secondary clectrons. Thus arose
the five-clectrode valve or pentode, which at first
was used as output valve and subsequently came
to be al)p]i(‘d also in other circuits. On first sight
thi~ may not scem Lo be a very drastic change,
but it has proved to be an (‘xc‘(‘pti(ma]ly important
improvement, since now, with a very few excep tions,
all radio valves are pentodes.

Much work has been done in investigating the
behaviour of these and other types of valves in
various functions, such as for high-frequency and
audio-frequency amplification (A. J. Ilcins van
der Ven, J. van Slooten, 1I. van Suchtclen,
and others).

Considerable attention has also heen paid to the
construction of transmitting valves, partly in
connection with the employment of short waves
(15-50 m)

vxpcrimvnlal

for long-distance radiotelephony. An
transmitter was built (J. J.
Numans), provisionu]ly equipped with a “dummy
aerial”®, in which the cnergy nor‘mally radiated
could be dissipated. A milestone was reached in
the history of the laboratory in March 1927, when
this transmitter was connected to an aerial and
communication was established with what at that
time was the Netherlands East Indies. This soon
gained world fame, especially when, on lst June
1927, I1. M. Queen Wilhelmina uscd the transmitter
(station PCJJ) to broadeast an address to the
overseas territories.

In connection with the ever higher frequencices
that were being used, there was also the development
of the magnetron as transmitting tube. Philips
Rescarch Laboratory contributed much towards a
proper understanding of the working of this tube.
The treatises by K. Pos thumus on the functioning
of the magnetron with split anode still form the
basis for all theoretical exposilions in this ficld.
Lxperiments in range finding by mecans of radio
waves of 1 m and smaller generated by a magnetron
transmitter were carried out in the Iaboratory
before 1940 in the period 1940-745 this principle
was applied on a large scale clsewhere in the form
of “radar™.

The designing and manufacture of radio valves
calls for great care and special methods. As higher
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ILM. Queen Wilhelmina, accompanied by IL R.IL Princess
Juliana, addresscd Fler subjects in overseas territorics via
the Philips’ transmitting station PCJJ on 1st June 1927.

frequencics came to be used the conncctions had
to be shorter and so different methods had to be
found for constructing the clectrode lead-ins.
The solution was found by applying pressed glass
or sintercd glass (Lemmens) and special metals
for the leads. This development came for a large
part from the factory laboratories.

At first radio valves and some radio parts, such

1891-1951 19

as high-tension units, audio-frequency transformers
and resistance-capacitance couplings, used by
amateurs and set makers, were the only radio
products manufactured in the works. However,
with the increasing popularity of radio broad-
casting there was such a big demand for radio
receivers that it became worth while to start manu-
facturing complete receiving sets. Looking back
now, it is hardly imaginable that 25 years ago this
was regarded as being something out of the ordi-
nary.

Almost at once the need was felt for an apparatus
that could be worked without batteries by feeding
This
possible by employing the indirectly heated
cathode which had meanwhile been developed at
Eindhoven. '

it cntirely from the mains. was made

In the construction of radio sets, as alrcady re-
marked, a great many problems were involved
which had to be solved in the laboratory, in the
beginning cven in all sorts of constructional details
(Bol,C.J. van Loon,J. M. Unk). On the one hand
therc was a need of certain circuits which had to
be as efficient as possible while at the same time
being casy to make and to repair, and on the other
hand accurate mcthods of measuring were needed
for testing the functioning of experimental circuits.

Much attention was devoted to the coils. By
making these as loss-free as possible (according to a
principle evolved in this laboratory by H. Rinia)
greater selectivity was obtained and a “straight set”
could be built with four tuned circuits, which for
a long time answered the purposc very well. As
the “cther” became more and more crowded with
the increasing number of stations working within
the allotted frequency bands, so that short
waves came to be used for broadecasting, receivers
had to be built on the superheterodyne principle.

Of great importance was the invention, by

Metal leads and supporting rods can be fused into bases of sintered glass in an almost un-
limited number and in any order.
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Posthumus, of negative feedback, for which
patents were obtained already in 1928, This prin-
ciple, which reduced distortion due to curvature
of the valve characteristies. was very soon intro-
duced in the Philips receivers. It proved, however,
to have a much wider scope than this, so that at
the present day it is being employed in practically
all amplifiers and in all kinds of regulating devices,
cte,

For thuse cases where a highly constant voltage
(low internal resistance) is required for feeding
radio apparatus a sclf-regulating high-tension supply
unit was developed (Rinia, IL. J. Lindenho vius),
In connection with smoothing systems for the
feeding of radio apparatus mention is to be made
of the considerable amount of work done in the
ficld of electrolyvtic capacitors (Van Geel,
A. Claassen).

A difficulty encountered in the manulacture
of radio scts lay in the lack of uniformity of e¢leetric-
al networks, especially sinee there are both direet
and alternaling current mains, J. W, Alexander
constructed vibrator-converters capable of
converling direet voltages of 100 to 200 V into an
alternating voltage. Such vibrators are now com-
monly used with car radio sets for converting the
battery voltage of 6 or 12 \ into an alternating
voltage of 220 V.

Another problem lies in the feeding of receivers
in places where no mains are available. In the place
of accumulators and drv-cell batteries the thermo-
clectric generation of current was thought of,
but this is too unceonomical, This subsequently
led to the development of the air engine, which
before long will be able to take the place of the
petrol engine now used for this purpose.

In the development of radiotelephony there is
also the problem of conversion of the radio signal
into audible vibrations of the air, thus into sprech
or music. As a consequence acoustics, and espeeially
electro-acoustics, have become inseparably connec-
ted with radio. In 1925, when under the guidance
of R. Vermeulen Philips started making loud-
speakers, these were built on the clectromagnetic
principle, whereby the movement of an armature
is transmitted to a diaphragm. Then there appeared
the moving-coil loudspeaker, in which the cone-
shaped diaphragm is connccted to a small cylin-
drical coil through which the varying signal current
flows and which is placed in a radial magnetic
field. This magnetic ficld was at first produced by
means of a soft-iron circuit excited with direet
current. Philips very soon replaced this circuit
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by a permanent magnet. This development
involved intensive rescarch in conncction with
magnet steel, a subjeet which will be referred to
again clsewhere. The new magnetic materials also
made it necessary to give the magnets a different
shape, so that attention had to be paid to the de-
signing of magnetic circuits (A. Th. van Urk).

In addition to the work involved in the develop-
ment of loudspeakers, much work has also been
put into the development of power amplifiers,
which in turn led to great activity in the field of
line telephony (W. Six, II. G. Beljers, J. te
Winkel).

In connection therewith attention may be drawn
to the various measuring instruments develop-
ed in the laboratory, such ax a mcasuring bridge for
measuring losses in coils and capacitors, with which
phase angles can be measured with an accuracy
of 10 * in a frequency range of 103 - 10% ¢/s (J. W.
Kohler, €. G, Koops).

Further research work led to the development of
various Lypes of microphones, gramophone pick-ups
and gramophone motors, and {inally sound reproduc-
tion for the sound film and for broadcasting studios.
An important part has been played in this by the
Philips-Miller process, whereby a width-modu-
lated track is cut in a celluloid tape coated with a
lacquer, after which it is scanned by the known
oplical means, An advantage of this system was
that the recording could be played back at once and
thus corrected where necessary.

In this connection mention is to be made of a
system, developed by K. de Boer, for sterco-
phonicsound re production, both direct and by
means of gramophone records or a Miller tape.

Important work has also been done in the ficld
of the physiology of hearing. Particular mention
is to be made of J. F. Schouten's investigations
into the validity of the so-called Ohm’s acoustic
law, from which it appeared that in a mixtuare of
frequencies which are a multiple of a certain funda-
mental frequencey the latter can sometimes be heard
even if it is not itself present in the mixture (the
“residuc™ theory).

Further, I.. Blok designed various signal gener-
ators, which have been applied, inter alia, for
audiometric investigations,

Other developments in the technique of sound
reproduction will be dealt with in the last section
of this review,

The development of television began already
in the thirties. In its ecarliest stages a Nipkow
disc with 48 lines was used both at the transmitting
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and at the receiving end. Subscquently a cathode-
ray tube was used in the receiver, whilst the Nipkow
disc, still employed for the transmission, was per-
fected for televising films (Rinia). Later on the
Zworykin iconoscope, meanwhile developed in the
U.S.A., came to be used for TV transmission, first
for the 180-line system and later for larger numbers
of lines (Van der Mark, G. Hepp, A. Venis).
Experience was gathered in the construction of
amplifiers (J. Haantjes and others) and the build-
ing of transmitters (W. Albricht). Experiments

67083!

In 1937 already a transportable installation for television
transmission and reception was completed and taken on tour
for demonstrations over a large part of Europe. It could be
worked on the system of 405 lines or on that of 567 lincs.

were also carricd out with projection television
by means of lenses, cmploying a cathode-ray
tube with concave screen (M. Wolf), Complete
mobile television apparatus was built and installed
in two motor-vans, with which demonstrations
in Western Europe
Copenhagen, Stock-
Europe (Budapest,

were given in various places
(Utrecht, Brussels, Antwerp,
holm) and also in FEastern
Bucarest, Zagreb, Belgrade,
the outbreak of the war these tours came to an

abrupt end in 1939.

Warsaw). Owing to
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ITI. Chemistry

Tt would be saying too much to maintain that all
the chemical problems tackled in the Philips labora-
tory in the course of time likewise emanated from
the incandescent lamp, but for a very large part
such is indeed the casc, either directly or indirectly.

Disregarding the mectallurgy of the tungsten and
the making of the glass, in the manufacture of the
incandescent lamp chemical problems arise from
the action of the gases released from the wall of
the bulb and the metal leads upon the glowing
tungsten filament, whereby traces of water vapour
have a particularly disastrous effect. In the
dissociation of the water vapour by the filament
oxygen is combined with the tungsten and forms a
volatile tungsten oxide which is precipitated on
the glass wall of the bulb. The remaining hy-
drogen in turn reduces this oxide to metallic
tungsten. Thus, owing to this “Langmuir’s cycle”,
tungsten is continuously being transported to the
wall of the bulb, so that gradually this is blackened.
It is thercfore ecssential to remove water vapour
and other gases, and this is done by introducing
into the bulb a substance, such as phosphorus,
which combines with the residual gases into a
non-volatile and harmless product. Such a sub-
stance is called a “getter”. In radio valves, where
phosphorus cannot be used on account of its high
vapour pressurc and residual gases are moreover
obnoxious because in the ionized state they affect
the oxide-coated cathode and give rise to grid
currents, and in X-ray tubes, where residual
gascs increase the risk of breakdown, metals like
barium and zirconium arc used as getters.

Even though the bulb of an incandescent lamp
may not contain any gascs attacking the filament,
still cvaporation of the tungsten takes place. In
course of time this evaporation likewise turns the
bulb black and thus the yicld of light is reduced.
Furthermore, the filament itself is reduced in thick-
ness and as a result cventually collapses. The same
applies in the casc of the gas-filled lamp. The pre-
vention of the evaporation by the gas-filling as
such is offset by the filament being heated to a
temperature so much higher that the lamp has
about the same lifetime, so that the only advantage
gained is the higher efficiency.

The manner in which this evaporation of the
tungsten takes place differs according to whether the
lamp is filled with gas or evacuated. In a gas-filled
lamp the tungsten atoms come into collision with
the gas molecules time after time, so that they
have an opportunity to combine into aggregates
which move about in the gas in the form of sub-
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microscopical flocculations and eventually settle
upon. the wall of the Lulb. Owing to convection
this shows a preference for that part of the lamp
which in the hurning position is uppermost, thus
not the part through which most of the light passes.
With the vacuum lamp the situation is different:
the tungsten atoms travel in a straight line from
the filament to the inner wall of the bull. It can
be imagined that upon striking the glass wall the
tungsten atom is repelled like a minute metal hall,
but we know that ultimately it adheres to the glass,
s0 every Lime the atom strikes against the wall
it must lose some of its kinetic energv. Langmuir's
conception was that upon collision with the wall
the atom temporarilv adheres to it and is then.
as it were, again cvaporated, thus implving a certain
“adhesion time™. By accurate experimentation
this has been confirmed by Cla using. [t is true
that in the case of cadmium atoms only an upper
limit (10 * sec) could be found for this adhesion
time, but in the case of argon atoms on glass at
temperatures of 80 to 90 K adhesion times of
10" to 10 * sec were lound.

This matter of the evaporation of tungsten has
been dealt with at some-length because the investi-
gations carried oul in connection therewith formed
an introduction to further investigations into the
adsorption of tungsten atoms and the resultant
absorption of light. So long as the tungsten atoms
remain isolated on the wall of the bully there is
no appreciable absorption of light. but the position
is different when they form a continuous laver of
metal. In order to minimize the absorption of
light, therefore, before the mount is fused into the
bulb the filament is sprayved not only with the
getter but also with a litde salt, =ay Cal,. As
soon as the filament is heated to a high tempera-
ture this salt cvaporates and is precipitated on
the wall of the bulb as an invisible thin laver. The
tungsten atoms coming from the filament shoot
into this layer of salt, the particles of which Keep
the atoms separated, so that very much less light
is absorbed.

About 1920 little was known with certainty
about the effect of such lavers of <alt. Investigations
into their action carried out in Philips laboratory,
mainly by [J. ll. de Boer. extended over a period
of more than 15 vears. It has thereby been found
that the layer of salt is not to be regarded as a
homogencous mass but as an agglomeration of
minute crystal lamellae about 10 ® em thick lying
criss-cross onc on top of the other and thus forming
a very large active surface, tens of times greater
than the surface of the glass covered by them. The
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tungsten atoms arc adsorbed on the surface
of the crystals. The intensive study of the adsorp-
tion of atomx and molecules (e.g. cacsium and iodine)
in such layers of salt (D¢ Boer, C. J. Dippel,
C. I Veenemans) has vielded very important
results,

Metals like cacsium mav be adsorbed also on
the surfaces of metals, in which case they have the
property of reducing the work function of the
metal and thus increasing the clectron emission,
both the thermionic cmission and that brought
about by irradiation with light — photo-clectric
cffect. By oxidizing the adsorbed layer and again
precipitating  caesium  onto the laver of oxide
it ix possible to produce complex layers with an
exceptionally strong  photo-electrie effeet (M. C.
Teves). The study of this emission was of import-
ance for the construction of photocells, for which
there was a need in connection with the sound
film. The deeper insight gained into the nature of
these layers opened up new possibilities, such as
the cemployment of the “light transformer’ for
converling infra-red rays into visible light (ITeolst,
De Boer, Teves), the construction of the electron-
multiplving valve and, later. the television pick-up
tubes,

The investigations into the vaporization of Cal,
also led to other compounds, such as IL,BO,,
K,BI,, being tried out for the same purpose, as
a result of which the volatility of various compounds
was studied. Why, it may be asked, is NaCl for
instance a substance having a high melting point
and a negligible vapour pressurc at room tempera-
ture. whereas WCl; is a substance that readily
nielts and is casily evaporated ? From the point of
view of the theory of heteropolar chemical com-
pounds the answer is simple. The molecule of
NaCl is built up from a positive sodium ion and
a negative chlorine ion, which together form an
cleetrie dipole, =0 that two NaCl molecules exercise
a4 very strong attractive force upon cach other.
In the case of WCl;. on the other hand, the central
metallie jon is surrounded by six chlorine ions
screening ofl the charge of the central ion, so that
there is no great attraction between neighbouring
molecules. The theory of the heteropolarchemic-
al bond was formulated by Kossel in 1920,following
upon Bohr’s work. It ix mainly due to the work
of Van Arkel in this direction that a more or less
coherent explanation was established for the most
important facts in anorganic chemistry, an explana-
tion that i< of great value as a basis for chemical
thought and for cducation in chemistry. Tt is fortu-
nate that this was more or less completed before
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the conception of the homecopolar bond came into
morc prominence as a result of the devclopment of
quantum mechanics. Thus the one-sided-hetero-
polar aspect could gradually be introduced into
the new system without losing its value.

Tn connection with these investigations the
cnergy of formation of a number of molecules and
crystal lattices was calculated and the rclative
stability of various molecule models investigated.
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known that WCl; and hydrogen on the surface of
a heated tungsten filament may react onc upon
the other and form tungsten, which is deposited
on the wire. When a mono-crystalline wire is taken
(Pintsch wire) also the growing metal becomes a
mono-crystal. In the Philips laboratory it was
found that dissociation of WCl; atclevated tempera-
ture takes place also without hydrogen; attempts
were made to producc other metals in the pure

66806

Measuring the spectral transmission of various materials in the ultra-violet range. On the
right the source of ultra-violet radiation and the monochromator. In the centre, in a

screening cage, the measuring apparatus with photoelectric cell.

The above conceptions were also applicd to the
relation between physical propertics of homo-
logous organic compounds, as for instance
the relation between the boiling points of CH,
and of the compounds obtained when replacing in
CH, onc or more hydrogen atoms by atoms of
F, Cl, Br or I. Subsequently, after Van Arkel’s
appointment as professor at Leyden, this investi-
gation was extended by him and his students to
a large number of other compounds. Also worthy
of mention is the study of the dielectric hehaviour
of organic dipole molecules in solution, which led,
inter alia, to the “Van Arkecl and Snock formula”,
which was later investigated thcoretically by
Onsager and by Battcher.

The study of the volatility of metal compounds
had also important technical consequences. It was

state in this way. Perhaps the most striking result
was the preparation of titanium, zirconium,
hafnium and thorium from their iodides by
precipitating the latter on a thin tungsten wire as
corc (De Boer and J. D. Fast). In this way
titanium and zirconium, known as being greyish
brittle substances of a doubtful metallic character,
were obtained in the form of fine lustrous metallic
products. The rods, consisting of a few large crystals,
proved to be highly ductile, so that they could be
drawn into wire and rolled into foil. This is particu-
larly of importance in the case of titanium, consider-
ing the intcrest taken in this metal in recent years.
Ductile zirconium has found important applications
in vacuum technies. Applied to the anode of a
transmitting valve it proves to be an excellent
getter, on account of the almost unlimited capacity
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of this metal to adsorh oxygen and other gases,
The oxygen taken up in the metal has a negative
charge, as appears from the fact that in an oxygen-
charged rod of zirconium through which a direct
current is passed the oxygen migrates towards
the positive pole.

The knowledge of metals and their interaction
with gases proved to be of great value to the labora-
tory stafl’ when it was decided to manufacture
welding rods (J. Sack, P. C.van der Willigen),
in addition to the welding rectificrs and rectifving
valves already being produced.

The study of tungsten wire and the behaviour of
tungsten in processing led to extensive research
in the domain of recrystallization. A substance
particularly suitable for this is aluminium. which
is easily deformed and reerystallized at comparative-
600 C), while the process
of this reerystallization can be followed by ctehing

ly low temperatures (-

in aqaa regia after removal of the superficial oxide
with caustic soda or hvdrofluoric acid. This simple
technique, supplemented by crystallographic study
(W.G. Burgers, J. F. L. Custers).led to a deeper
insight into the essence of the formation of crystal
nuclei. This study is still being continued at the
present day by Prof. . G. Burgers in the inorganic-
chemical laboratory of the Technical University
at Delft.

Finally, in connection with applications in the
field of clectrotechnics and acoustics (Lransformers,
loudspeakers), extensive research has been carried
out in regard to the magnetic properties of
metals, particularly of iron and iron allovx (G. J.
Sizoeo, W. F. Brandsma. Elenbaasx, J onas,
Snock, Six, G. W. Rathenau. J. J. Went
. J. Meerkamp van Kmden),

Special products, the [ruit of vears of study in this
domain, were the rolled nickel-iron (“Fernicube™)
with strong anisotropic properties, for loading
coils, and magnet steels with exceptionally  high
coercivity and high value of the (M Byax)
preduct, which are widely used not only in loud-
speaker magnels but also in pocket and hicvele
dynamos.

Of importance for the investigations hoth of
magnetic and non-magnetic metals was the work
done by Snock in studying the magnetic alter-
cfleets of iron, whereby it was found that these
effects are related to the presence of traces of carbon
and nitrogen, which influence not only the magnetie
but also the elastic after-effects. Both these
arc governed by a sort of diffusion of € and N
atoms present in interstitial places to neighbouring
interstitial places,
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Other materials studied at the time in the labora-

tory are the ferrites, which since 1934 have been
further investigated by Van Arkel, Snock and
E.J. W Verwey.

Preparation of magnet steel, Emptying the furnace in which the
alloy has been melted by induced high-frequency currents,

This led, inter alia, to the view (De Boer and
Verwey) that a substance like Fe,0, derives its
conductivity from the fact that ions of one and
the same clement but of different valency are
present in erystallographically identical places and
thus make it possible for an electron to pass over
from one ion to another.

In the eourse of the resultant investigations our
research workers became familiar with various
problems of the solid substance, in particular with
oxidic svstems. of which the spinels form an inter-
esting sub-group. The latter were further studied
both in respeet to their electrical properties (Ver-
wev and others) and with regard Lo their magnetic
properties (Snoek). The study of the electrical
properties led to the development of semi-conducting
materials. while that of the magnetic propertics
yielded the important magnetic material “Ferrox-
cube™, which will be dealt with later.
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The previously mentioned work by De Boer
and others on the adsorption of atoms on crystals
was extended to cases where atoms arc built into
a crystal lattice, a subject to which much attention
was devoted in Germany by Pohl and his pupils.
What is particularly duc to De Boer is the disclo-
surc of the fact that the place of a lacking negative
ion in an ion latticc may be occupicd by an elec-
tron and that, at the cost of only a little energy,
this electron may be brought into a state in which
it acts as a conduction elcctron.

It was at that time that the programme of
work on solids was given shape, which later on
was to occupy the minds of such a large part of
the scientific staff of the laboratory and comprised,

Phosphors are cxposed to an clectron beam in a vacuum tube and tested
for their fluorescing properties.

1891-1951 25

among others, the investigation of luminescent
substances.

The luminescent substances (luminophores or
phosphors) uscd for converting the ultra-violet
light of gas-discharge lamps into visible light are
prepared according to methods evolved by Lenard
round about 1890. These investigations in the field
of luminescence are to be regarded as classical and
have not yet lost any of their value. They revealed
in particular the fact that the luminescence of sub-
stances like zinc sulphide is due to the presence of
extremely small admixtures of certain metals,
such as copper and silver (activators).

When it became cvident that large quantities
of luminescent materials would be nceded for light-
ing purposes Philips began to take up
the manufacture of thesc substances
and, at the same time, the study of
the phenomena of luminescence. This
study covered both the physical aspects
— such as the spectral composition
and the intensity of the luminescent
light as a function of that of the
incident rays, the decay of luminescence
as a function of time in the case of
discontinuous irradiation, the relation
between luminescence and temperature,
luminescence under the influence of
cathode rays and X-rays — as well as the
chemical aspects, such as the influence
of the composition and of the conditions
during preparation upon the lumines-
cence, and the influence of admixtures
(quenchers, sensitizers) upon the inten-
sity of fluorcscence. Often the chemical
and the physical problems arc so closely
intcrwoven as to be inseparable, so that
closc cooperation between physicists
and chemists or the combination of
physicist and chemist in one person
is essential for these investigations,

Important physical results lay in the
deeper insight thereby obtained into the
mechanism of fluorescence and phos-
phorescence, the transfer of excitation
cnergy in phosphors and the relationship
between persistence and quenching as
a function of tcmperature (F. A.
Kroger, H. A. Klascns).

Chemical results lay in the deeper in-
sight gained into the properties of zinc
sulphide and related compounds and of
substances such as Zn,Si0,-Mn,SiO, and
other manganese phosphors (Kréger).

Approved For Release 1999/09/24 : CIA-RDP83-00423R002000130013-1




CPYRGHT

26 PHILIPS TECIHNICAL REVIEW

In the foregoing some cases have already been
mentioned where organic compounds were studied.
Mostly these concerned simple organic molecules
which are very closelv allied to the inorganic
compounds.

But work has also been done in the field of or-
ganic chemistry proper, namely in that of compounds
with large molecules, such as gelatin, cellulose,
proteins and synthetic resins. Gelatin was thor-
oughly studicd because this substance serves as
base for the Philips-Miller tape (Dippel, Vermeu-
len) used for sound reproduction; this tape con-
sists of a celluloid carrier with a transparent coating
of modificd gelatin, covered by a non-transparent
layer of 11gS-sol in which the cutter of the recording

“sound track™.

apparatus traccs a

Artificial resins were originally studied with
a view to the possibility of using these materials
for making the bases of radio valves and loudspeaker
baffles, and later for making various parts and the
cabincts of radio sets from these materials, The
phenols hardencd with formaldehvde, which had
been named bakelite after the Belgian chemist
Backeland, were placed on the market by Philips
in a large number of varieties under the trade name
“Philite™.

A third group of organic compounds, the diazo
compounds, was intensively investigated in the
Philips laboratory when it was contemplated to
produce dve-line paper, in addition to the mercury
lamps destined for the dve-line process. With
the aid of these compounds in various carriers,
such as cellophane, paper. cellulose esters, ete.
materials for photographic reproduction were pro-
duced which, via conversion of the products of
dissociation through light inte a developable latent
metallic image, ultimately vield silver images with
a resolving power of 1200 lines per mm, which
appear to present interesting possibilities of appli-
cation (Dippel, R. J. II. Alink. K. J. Keuning).

Attention was also given to the study of colloid-
chemical problems. One result of these investiga-
tions, which was of importance for the manufacture
of radio valves, was a new method of coating
cathodes with a laver of oxide, covering them by
means of electrophoresis with finely distributed
carbonates of barium and strontium, which are
afterwards turned into oxides. Also the insulating
layer around the filament of indirectly-heated
cathodes is applied in this way (De Boer, Verwey,
II. C. Mamaker).

This concludes the review of chemical research in
the Philips laboratory prior to 1940, A number of
investigations carried out with metals and with
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non-magnetic and magnetic ceramic materials,
glaxs and semi-conductors will be dealt with in the
last section.

IV. X-rays

From the radio valve it is but onc step to the
X-ray tube. Any diode is in principle a source of
X-rays, and it does in fact become so when the
electrons strike the anode with sufficient encrgy.
With the X-ray tube problems arisc which are simi-
lar to those encountered with the radio valve, such
as the shaping of the clectrodes with respeet to
the nature of the clectric field, the paths followed
by primary and sccondary electrons, and the focus-
ing. To these are added the typical problems connee-
ted with high tensions, as for instance the efficient
distribution of potential differences. Since only a
small fraction of the clectron energy is converted
into X-rays and the rest is absorbed in the anti-
cathode in the form of heat, it is a great problem
how to carry ofl that heat: by providing for suffi-
cient dissipation of this heat and giving the anti-
cathode a suitable construction it has to be ensured
that in the focus the material struck by the elec-
trons does not melt.

Of physical importance is the measuring of the
intensity of the X-rays and the strength of the dose.
Much attention has therefore been devoted to
this problem by A. Bouwers, who took up X-ray
rescarch in the Philips laboratory in 1920.

In the construction of X-ray tubes one is. con-
fronted with such problems as the safeguarding of
the users of X-ray apparatus against scattered
ray= and high tension, the raising of the specific
load, the requirement of casy handling, and the
applications in connection with a proper formula-
tion of the optical requirements which the apparatus
has to answer; these applications may be of a
medical  (diagnostics and therapy). a physical
(examination of erystals with X-rays) or a tech-
nical nature (examination of materials).

An important discovery was the possibility of
fusing glaxs to metal, for which the chrome-iron
already mentioned was used. This made it possible
for Bouwers to build rugged X-ray tubes, which,
since the part where the rays are generated is en-
tirely enveloped in metal, afforded the maximum
of safety against undesired radiation and, moreover,
allowed of a simple safeguarding of the user against
high tension by earthing the metal shield.

Tubes came to be developed for still higher
voltages and for larger powers, hoth for diagnostic
purposes and particularly for therapy.

A special form of X-ray tubes which should be

|Ill
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mentioned is the rotating anode
tube, which was first developed by
Bouwers in cooperation with J. H.
van der Tuuk. The problem of the
dissipation of heat in these and other
anodes was thoroughly
by W. J. Oosterkamp.

Further, special tubes were designed
for crystallographic rescarch with the
aid of X-rays, ip.which the anticathode
was {n_adc’bT special materials, such as
mﬁlgfbdenum, copper, iron, cte., because
these arc required to yield approxi-
mately monochromatic rays of a known
wavelength.

In the beginning all X-ray tubcs
were made in the laboratory, but later
a separate factory was opened. The
main features in the manufacture of
X-ray tubes are well studied and well
applied technology (getters!) and the
excrcising of cxtreme cleanliness in
handling the materials. :

Apart from the development of the
X-ray tubes themsclves, that of the
apparatus for supplying the high tensions
required for the working of the tubes,
as also that of the control desks,
forms a considerable part of Philips’
activity in the ficld of X-rays. Often
alternating voltage has to be trans-
formed into direct voltage, for which
special rectifying valves are nceded,
which formerly had a tungsten cathode but now
have either an oxide-coated cathode or one of
thoriated tungsten.

Side by side with the aim towards higher tensions
and greater powers, provision was also made for
cases where a relatively low voltage and a small

investigated

67064

One of the first experimental X-ray units of very small dimen-
sions (1933), a forerunner of the “Centralix” and “Oralix”
apparatus.
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One of the first practical exccutions (1937) of a cascade generator, for 1.7 MV
direct voltage.

power suffice. Small X-ray apparatus was therefore
developed in which the tube and the transformer
arc incorporated in onc single unit. Such units
serve as portable apparatus for diagnostic work
and, for example, as X-ray apparatus in dentistry.
It has even been possible to produce a complete
X-ray apparatus so small that it can be carried
in the pocket, and yet it yields a satisfactory beam
of X-rays.

From investigating current sources for high vol-
tages Bouwers arrived at the principle of voltage
multiplying by mecans of a cascade circuit.
Subsequently it appeared that this principle had
alrcady been recorded by Greinacher and that it
had also been applied by Cockeroft and Walton
for nuclear-physical research in the Cavendish
laboratory. As a special feature of Philips’ develop-
ment in this field is to be mentioned the elegant
solution of the heating of the filaments in the valves
by high-frequency current (A. Kuntke). A number
of high tension generators of this type, for tensions
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Small rectifier in eascade connection, ronsisting of selenium
valves and eapacitors. Connected to 220V alternating voltage
it yields 1200V direct voltage. with which, for instance, a
radiation counter tube ran be fed.
up to 2 MV, have been built at Iindhoven fur insti-
tutions in several countries,

Once it became possible to generate high tensions
it was only a logical sequence to take up also re-
search innuclear phy=ics. Bouwersand . A 1leyvn

designed an ion-accelerating tube with which the

VOL. 13, No. 1-2

the working of thix apparatus, scientific nuclcar
research work was carried out with it. In the course
of that work Ileyn discovered the (7, 2n) reaction
with the clements Cu and Zn, by which reaction
the nucleas is struck by one neutron and yields
two neutrons, this being accompanicd by the for-
mation of a radioactive isotope of the same atomic
namber but lighter than the basic isotope. In 1939
A, II. W. Aten, Bakke~and ITevn studied the
transmutation of uranium and [harium by ncutrons.

In this connection mention is also 'id‘ijc@a(le of
a neutron tube without a separate ion solree-
constructed by Penning, whereby deuterium ions
are accelerated in a gas discharge and the target
is placed in the discharge tube itsell. In order that
sufficiently high veltages cun be applied and the
{ree path of the ions made large enough, the tube
i= filled with deaterium under a very low pressure
and the discharge space ix placed in a magnetic
{icld =0 as to constrain the electrons to follow long
paths. just as in the case of the manometer deseribed
curlier, thus making it possible for the discharge

to e maintained under the low pressure.

Installation for X-ray therapy, working with a voltage of 00 kV, supplied
in 1911 to the Academic Mospital at Groningen.

ions of deuterium, formed in a separate ion source,
could be accelerated to an ecnergy of 1.2 MeV and
focused upon a target of bervllium or lithium. Thus
a powerful neutron source is formed by means
of which materials placed in its vicinity can be

made radioactive. In order to gain experience in

V. Mathematics and theoretical pliysics

With the growth of the laboratory more and
more interest was taken in theoretical-physical
and mathematical rescarch. Whereas on the one
hand, besides  development  work  for  practical

applications, experimental physical rescarch 1s
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necessary to obtain a deeper insight into the prob-
lems, so on the other hand fruitful experimentation
is only possible when at the same time the necessary
attention is devoted to thcoretical physics. This
implies that the necessary mathematical apparatus
has to bc mastered and where possible further
developed. This applies morc or less to cach of
the groups already dealt with. Both the study of
gas discharges and radio rescarch, as well as the
physico-chemical studies and the work on X-rays,
had cach in turn their own mathematical problems.

In regard to gas discharges there was the mathe-
matical treatment by G. Hertz of the diffusion
of electrons in an clectric ficld. The method followed
by Hertz has served as an example for many theo-
retical calculations in this field (Druyvestcyn,
Penning, De Groot). This brought us a step nearer
to the ideal: to explain the various forms of dischar-
ges with the aid of a small number of data concern-
ing clementary processes (the probability of execi-
tation. and ionization in the case of collision of
clectrons and atoms, ete.), in much the samic way
as the kinetic gas theory relates the measurable
quantitics, such as pressurc and temperature, to
the clastic collisions between gas molecules.

Further it has alrcady been scen, for instance,
that with the aid of considerations of similarity
the phenomena in discharges in mercury vapour
of high pressurc can be reduced to one single aspect.
Once he had become familiar with this method of
calculation, and following upon a publication by
Nusselr (1916), Elenbaas was able to apply similar
considerations to the phenomenon of thermal
emissivity through natural convection. The nced
for this arose from the manufacture of blocking-
layer rectifiers in connection with the dimensioning
of cooling fins, but also other problems of convec-
tion can be considered in this light, such as the
heat dissipation of horizontal cylinders, which
brings us back to the gas-filled incandescent lamp
designed by Lengmuir.

The part of the work programme that lent most
stimulation to the practising of mathematics was
radio. Mention has already been made of important
mathematical problems which arose in connection
with the propagation of waves. Van der Pol
took up the study of the wave equation and the
potential equation, not only in three dimensions
but also in the cases of fewer or morc than three
dimensions.

As is known, the propagation of waves can be
treated in two ways, either as a whole, by the solu-
tion of a “wave equation”, or by an approximative
solution of the behaviour of a narrow beam or “ray”.
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The latter method is well known from the theory
of light; the image produced by a lens is not usually
studied by starting from the representation of a
wave but by investigating how the rays of light
are refracted by the lens. In the case of radio waves
Bremmer has investigated in how far results
can be reached with this geometrical-optical
approximation.

In addition to radio, particularly the theory of
atoms has formed grounds for cxcursions into the
ficld of mathematics. It is remarkable how closely
the mathematics of these problems are associated
with the mathematics encountered in the field of
radio and acoustics. In 1925 Schrédinger showed,
for instance, that the motion of an electron under
the influence of an clectromagnetic field has to
be described by a wave cquation which shows a
certain resemblance to the cquation representing
the propagation of light or sound in an inhomoge-
ncous medium, and that the classical consideration
of an clectron as a “particle” describing a “path’
is to be compared to that conception as geometrical
optics compare to wave optics. The quantity used
by Schridinger to play the part of “field strength”
or “deformation” of the medium, and which he
denotes by W, has the property that [¥2| is a
measure for the probability of finding a particle at a
certain place. Owing to the'similarity between these
problems and thosc of the propagation of waves
encountered in radio and acoustics, thcorists in
the respective ficlds soon understand cach other
and find interest in the results of each other’s work.

In dealing with the problems connccted with
oscillations in networks or the propagation of radio
waves one mostly has to do with more or less com-
plicated differential equations. Heaviside showed
that in many cases the differential symbol, d/dt,
can be regarded as an algebraical quantity (usually
represented by D), with which ordinary arith-
metical operations can be carried out. In this way
he was able to derive deep-lying results by simple
means.

This operational or symbolic calculus was
at first received with much scepticism, but later
Carson (1926), for instance, found it to be justified.
What Carson’s formula amounts to is the furnishing
of a function f(p) corresponding to a function h(x)
by the Laplaec transformation:

f(p) = p f " h(x)dx.

The shape of f(p) depends, of coursc, upon h(x).
This function f(p) is said to the be “image” or the
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“granslation’ of the function h{x) and it is denoted
by the symbol:

I(p) h (x).

—

The functions x°, ¢, sin x and cos x, for instance,
have as their images

n! p P )i
. s and .
ptopit1 pPil Pl

from which it is to be noted that often the image is
a simpler function than the original. Thus relations
between different originals can be deduced via
simpler relations between their respective images.

Van der Pol and Nicssen have worked out a
great many images and from them derived new

relationships between functions. Mention has already

In the course of development of carrier telephony it was
necessary to investigate how the behaviour of eleetrie filters
is affected by losses. This behaviour is governed by the
Laplace differential equation. \ graphical solution of this cqua-
tion, with given boundary conditions, is ebtained by stretch-
ing a film of soap between three-dimensional curves eorres-
ponding to the boundary conditions, The case illustrated here
relates to a bandpass filier (frequency limits w; and @,);
k is a measure for the losses, a a measure for the damping.
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been made of the problem of the acrial over the
flat carth, and for that, too, the symbolic calculus
was employed, with the further help of the methods
followed in the theory of the functions of a complex
variable.

Thesc results were obtained with the aid of the
onc-sided Leplace integral, with the integration
extended from 0 to oo, Later, Van der Pol and
Bremmer went deeply into a symbolic calculus
based upon the two-sided Laplace integral
(integration from —~o Lo +ov).

The space available does not permit us to enter
into details regarding other mathematical work
in connection with radio and acoustics. We can
only refer to the numerous publications by Strutt
on acoustic and antenna problems, Niessen’s
calculations on acrials and cavity resonators, C. J.
Bouwkamp's work on radiation propertics of
antennac and acoustic and cleetromagnetic diffrac-
tion problems, that of F. . L. M. Stumpers

Philip~-Miller tape (upper picture) in which a sound track
(10 times enlarged) has been cut. W hen light passes through
the tape a diffraction spectum is obtained (lower picture) from
whirh the Fourier analysis of the recorded sound can be read.
Tn thi~ case (xinusoidal signal) the spectrum consists only of
components of the zero and first orders.

and Th. J. Wevers on frequency modulation,
Tellegen's studies of network synthesis, from which
the “gyvrator” subsequently appeared as a new
network element. and finally Kleynen's investiga-
tion= of electric fields in radio valves, ete.

As regards mathematical and theoretical-physical
contributions outside the realm of radio, reference
is to be made to the investigations of J. Ilaringx
into problems of applicd mechanics, the publications
by Bouma and G. Heller on the geometry of
colour space, and those by Nicssen on diamagne-
tism and by Verwey and J. Th. G. Overbeck
on the theory of lyophobic collvids.
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THE PERIOD 1940-1951

In the foregoing scction an attempt has been
made to give a review of the scientific rescarch work
undertaken in the period 1923-1940, and incidentally
mention has been made of the technical products
that emanated from that work.

The development of this rescarch suffered a
check when on May 10th 1940 enemy forces in-

air-raid warnings, cte., all tended to create an atmo-
sphere adversely affecting work. It would be wrong
to suppose, however, that scientific rescarch was
thereby brought more or less to a standstill. On the
contrary, many investigations not dircctly concerned
with practical applications were widened in scope
and in some fields important results were reached,

| S || | S
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Ground plan of the Physical Rescarch Laboratory as it has been since 1942, 4 high-
tension room, B material-testing department, C television studio, D horticultural glass-
house, IX small greenhouses with artificial climate, " one of the chemical departments,
G one of the battery rooms, IT library, I installation for carrier telephony, J engine room,
K glass-blowing shop, L ceniral workshop, M room for testing transmitting valves. The
wing K-L-M adjoins the main diagram at a-a on the right. Most of the buildings have

either one or two upper storeys.

vaded the Netherlands and shortly afterwards
Eindhoven and the Philips’ works camec wunder
military occupation.

It is not the place here to enlarge upon the course
of affairs during the period of occupation, which,
as far as Eindhoven was concerned, lasted until
September 1944. As everyone will realize, the state
of tension arising from war conditions and the
frequent acts of injustice, coupled with more dircct
causes such as scarcity of foodstuffs, clothing and
means of transportation (bicycle tyres), and further
a number of air attacks on the works, repeated

though carc was taken to kecp them secret from
the occupying forces. The long working hours
imposed by the encmy administrators were further
turned to use for the exchange of cxperiences in -
all sorts of domains by organizing lectures, courses
of instruction, ete.

After the liberation of Eindhoven in 1944 it
took some time beforc a return to normal conditions
could be established. In the first half of 1945 the
northern half of the country was still in. ecnemy occu-
pation and even after its liberation there was no
regular contact with the rest of the country owing
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to the lack of railway communications, In order
to help university students, with permission of the
government in Febraary 1945 a temporary academy
was sct up at Ilindhoven where a large number of
Philips’ scientists assumed the réle of professor,
and this continued up to November 1945,

In this connection it may be well to point out that
relations between the Philips luboratory and the
higher ecducational authorities have never been
confined to that special occasion. Long before that

there had developed in the course of time a more

VOIL. 13, No. 1-2

tricted.  The of Philips Technical
Review, begun in 1936, had to be stopped in 1942,
and publications in the Dutch journal “Physica”

publication

could only be made in the native language.

It was not until 1946 that journals and books
began to come into the country again from abroad.
On st January 1946 Philips Technical Review
appeared again. Meanwhile, in October 1945, the
first number had been issued of a new publication
under the name of Philips Rescarch Reports,
containing scientific articles which bear a decidedly

Department for analytical chemistry in the new part of the Physical Research Laboratory (1950),

[ P YRGIRPTC lemaLL rcldllonslup between Llu- ldlmra-

University at Delft, purtly on account of the fact

that «quite a number ol scientists

course of time left our laboratory to take up a

professorship.

During the occupation one began to [eel more and
more the lack of literature from Lhe outside world,
so that as far as scientific work was concerned

have in

Philips (_‘]ldl'd(‘lll' or v.luch owing to their volume

clsewhere, Furthermore
part of the material suitable for publication which
had been collected during the years 1940 to 1945
was published in book form.

Mcanwhile the need of more spacc was being felt
in the laboratory, which in 1929 had already under-
gone a considerable expansion increasing ten-fold
the amount of floor space originally available

one had the feeling of living as iL were in a vacuum.

The possibility of publishing was also greatly res-

in 1923. A new wing had already been built in 1942,
for the administrative staff and the library, but
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until 1945 the latter had been housed clsewhere
owing to the risk of fire due to air attacks. In 1950
a second floor was built onto the oldest single-storey
part of the laboratory first erccted in 1922, and that
new floor was destined mainly for chemical work.

In 1946 a change was made in the management
of the laboratory, Prof. Holst, whose 25th year of
directorship had becn celcbrated in the laboratory
in 1939, retired from that function. As adviser to
the concern, he has still at the present day a word
to say, be it indirectly, in the course of affairs,
whilst at the same time he is devoting himself to
the interests of the Technical University at Delft,
where he holds of the Presidency of the Board
of Governors. The direct management of the Philips
laboratory was placed in the hands of a triumvirate
formed by the physicist Prof. Dr. . B. G. Casimir,
the clectrotechnician Ir. H. Rinia and the chemist
Dr. E. J. W. Verwey.

For reasons which will be understood, in this
section it will not be possible to do full justice to
all the rescarch work which has been undertaken
in the Philips laboratory in the course of the last
decennium and which, in part, is still in progress.
Neither will it be possible to mention the names
of all those engaged in the various investigations
in the laboratory.

More so than in the preceding sections, here atten-
tion will be paid to materials and products and their
applications.

Materials

It has been seen that in the period 1923-1940
scientific interest was directed for a large part
towards gascs, particularly as carriers of clectric
discharges. In addition, in various ways more and
more interest came to be taken in solids. Mention
has already been made of the investigation of thin
crystal layers adsorbing foreign atoms. Activity
in the field of radio demanded a closer study of the
dielectric properties of glass and other insulators.
For illumination cngineering, too, glass had become
an important material, as a result of the demand,
for instance, for ultraviolet-transmitting glass and
for intermediate glasscs for combining glass with
quartz glass. For the fusing of glass to metal suitable
kinds of glass and alloys were required. In the tech-
nique of lighting fluorescent substances camc to
be applicd more and more, so that the phenomenon
of luminescence had likewise to be studied in the
laboratory. Further, attention has also been drawn
to magnetic materials, such as magnet stecls and
ferrites.
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Generally speaking it may be said that round
about 1940 interest was centred upon solids and
the problems relating to the solid state, both from
the point of view of purcly scientific investigations
and in respect of practical applications. In the follow-
ing a number of materials will be briefly dcalt with,
but since it will be mainly the results that will be
brought forward it is well to point out once more
that in many cases these results arc due for a large
part to purely scientific rescarch. As an cxample
may be mentioned the investigations into “induced
valency”, which led to improved mecthods of
preparing semi-conductors and luminescent materi-
als, and the insight gained into the structure
of “spinels”, which resulted in a greater variety
of “Ferroxcube” products.

Luminescent substances

The investigation of luminescent substances
begun about 1935 led not only to the results already
mentioned but also to a wider knowledge of lumines-
cent tungstates and molybdates and of some acti-
vators such as Mn, Ti and U in different states of
lonization.

Of particular practical importance were the
silicates activated with Ti and magnesium arscnate
activated with tetravelent manganese. With the
latter substance, which shows a strong red fluores-
cence, it is possible, for instance, to improve con-
siderably the colour of the light from the small
high-pressure quartz mercury lamps.

The investigation of sulphides gave a better
insight into the part played by “fluxes”, such as
NaCl, used in the preparation of luminescent sub-
stances. It appeared that it is the Cl-ions that
make it possible, for instance, for monovalent
Cut-ions to be “built into” the lattice. The same
can be reached by introducing into the lattice,
which consists normally of bivalent ions Znt
and $, trivalent cations such as AP,

Results were also achieved in respect to lumines-
cence brought about by bombardment with cathode
rays; a deeper insight was gained into the phenome-
non. of saturation with increasing current.

For some purposes, such as radar, it is not the
fluorescence but rather the phosphorescence (per-
sistent after-glow) that is of importance. It was
found possible to obtain a fluorescent screen
with long persistence by making it in two
layers, the first of which gives a blue fluorescence
under the influence of the cathode rays, this blue
fluorescence then being suitable for producing
a green phosphorescence in the second layer.
For other purposes, such as the televising of films,
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substances with a short persistence are
desired: a “field” produced on the fluorescent sereen
by an unmodulated clectron beam is imaged onto
the film, whilst behind the film is a photocell. This
converts the light passed through, which is modu-
lated by the variations in density of the (ilin, into a

signal which is passed to the transmitter.

VOL. 13, No. 1-2

ceramic materials (ferrites), because these have
proved to be of great importance for high-frequency
technique (radio and telecommunications).

Of theoretical importance was the interpretation
of the losses which the magnetic ferrites show at
very high frequencies (107 to 107 ¢fs): these losses
ascribed to the effect

were gyromagnetic

67068

A simple hydrogen liquefactor has been constructed for the examination of
sulids at low temperature (20 'K). The hydrogen gas is fed in under high
pressure and precooled to the temperature of liquid nitrogen, after which,
through expansion, by employing heat exchangers according to the Linde
mcthod, it becomes partly liquid (Joule-Kelvin effect). This installation has
an output of about 2 litres liquid hydrogen per hour.

Many other important applications of lumines-
cent substances which have been investigated in
the laboratory have to be passed over here.

Ceramic materials and glass

Ceramic materials are obtained by sintering
together small particles which in themselves have
a crystalline structure. We do not refer here to
the more common materials like porcelain, steatite.
ete., about which little research work hax been done,
but to special materials. as for instance those with
a high diclectric constant., such as rutile (Ti0),), and
titanates such as BaTiO,. with which important
work has Dbeen done in recent vears.

Particular mention is to be made of the magnetic

prophesied by Landau, and this conception was
confirmed experimentally.

Of practical importance was the resultant know-
ledge gained of the fact that the less the initial
permeability of the substance in the low-frequency
range, and thus the greater its crystal anisotropy,
the higher is the frequency at which the gyromag-
netic losses heecome pereeptible.

The
hardness and relatively light weight with a very

ferritic materials. which combine great
small clectric conductivity and favourable magnetic
properties. such as low losses in a wide [requency
range, are now heing manufactured by Philips
under the name of “Ferroxcube™ in various compo-

sitions,
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In addition to the ferrites, of equal importance
are the ceramic semi-conductors, which will be
dealt with below in a separate section devoted to
semi-conductors.

¢

Tmproved quality and saving of space are important advan-
tages of the magnetic material “Ierroxcube” as compared with
metallic magnetic materials, Lefi: can containing a bandpass-
filter coil for carrier telephony, the corc of which consists of
nickel-iron wires and the jacket of dust-core material. The can
is necessary on account of the small effective permeability of
the dust-core material. Quality factor @ = 220 at 60 ke/s,
volume 210 ecm?®, Right: coil with core and jacket of “Ferrox-
cube”, Q = 600 at 60 ke/s, volume 44 cm?®.

Glass is a material of fundamental importance
for the manufacturc of incandescent lamps and
radio valves. Apart from the obvious physical propQ
ertics, such as the softening point, cocfficient of
expansion and specific gravity, there arc many
other properties to be considercd, such as the di-
electric constant, diclectric losses in high-frequency
clectric fields, clectric conductivity, spectral trans-
mission, cte. Considering the large number of in-
gredients from which glass is mostly made, and
consequently the numerous possible variations in.
composition, it would scem to be an almost impossi-
ble task to gain a clear insight into the cffect of
the composition of a glass upon its physical proper-
ties. Yet in recent times considerable success has
been attained in this direction, particularly due
to the better theorctical knowledge acquired as
a result, i.a., of the work donc by Zachariasen.
It is now possible to form an idea of the internal
structure of glasses and from that to predict their
propertics. Even though the rcality proves to be
more complicated than the theoretical model,
the latter anyhow points the way to approximating
the correct relations of the phecnomena and for
investigating those relations which are most prom-
ising for gaining the insight desired.

In cooperation with the glass works the following
practical results have been obtained: soft glasscs
with small diclectric losses, glasses which have small
dielectric losscs independent of frequency, glasses
which under the influence of X-rays do not dis-
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colour or which, on the other hand, very readily
change colour, and glasses which are transparent
to ultra-violet radiation.

Metals

Metals form an important and extensive group
of materials. The investigation of tungsten and
molybdenum and of metals like titanium, zirconium,
hafnium and thorium has already bcen mentioned,
as also that of alloys such as chrome-iron.

The investigation of magnet stecls has likewise
alrcady been referred to. The very important
“Ticonal” (an alloy of iron, titaninm, cobalt, nickel
and aluminium) with a high valuc of the product
(BII)max and great coercive strength, was further
improved by making it anisotropic by cooling in
a magnetic field or by some other means.

The nickel-iron with anisotropic structure ob-
tained by rolling, for use in loading coils, has also
been mentioned clsewhere. Extensive investigations
have been carried out as to the manner in which
the texture of this material could be influenced by
a suitable thermal and mechanical treatment.

Another group of products is formed by the weld-
ing rods, the coating of which has been the subject
of particular study. Special mention is to be made
of the new method of contact welding, for which
purpose the rods are given a special coating with
a high iron content.

Tt is partly in connection with this that extensive
investigations have been carried out into the dif-
fusion of gases in metals. This subject had be-
come of real importance as soon. as the manufacture
of water-cooled metal transmitting valves and
metal X-ray tubes was begun, and it proved to be
of particular interest in conncction with welding
problems, cspccially as regards the penectration
of hydrogen into the mectal of the welding bead,
causing porosity, cracks and fractures. In this
connection mention is also to be made of more
fundamental research, as for instance that concern-
ing ageing phcnomena such as occur, inter alia,
in welding.

The absorption of gascs by metals has parti-
cularly also been studied in the case of metals
like zirconium and titanium, which are used as
getters in X-ray tubes and transmitting valves.
Incidentally reference is to be made here to the
coating of anodes of transmitting valves with
zirconium to give them a black surface with good
heat-radiating propertics and also to reduce sccon-
dary-electron cmission. Investigations of a more
technical nature in the field of metals led to new
methods of shaping and improved methods for
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determining the properties of samples of metal,
an example of the former being the so called “lost
wax” casting of metallic parts of instruments and
apparatus which would be too costly if the ordinary
methods of processing were followed, whilst an
example of the latter is to be found in the micro-
hardness meter.

This section on metals will be concluded by a
short reference to investigations concerning oxi-
dation and corrosion. Interesting aspects are
presented by the method of hardening alloys by
A studyv of corrosion at high

internal oxidation.

temperatures revealed that small quantities of

molybdenum oxide may have a harmful effeet.
the
at high temperatures and the solderability of non-

Investigations into non-oxidizing  property
oxidizing metals were particularly of importance
in connection with the development of the hot-air

engine.

Semi-conductors

Between the insulators of an inorganic and an
organic nature, such as glass, poreelain, amber.
polystvrene, on the one hand and the metals as
good conductors for electric current on the other
hand, there is an important group of substances
which as compared with metals show little conduc-
tivity, e.g. iron oxides, copper oxide, selenium, ger-
manium, ete, These are of interest because they
possess typical properties lacking in the other
Lwo groups.

Their principal property is a large, negative,
temperature coefficient of their resistance, a proper-
ty found in practically all representatives of this
group. Some of them alko show photo-conductivity.
in that when exposed to light their resistance is
reduced. Others, when provided in a certain way
with clectrodes, appear to have rectifving proper-
ties, which means to say that when the current
flows in one direction the resistance is many times,
say 1000 or more times less than in the other diree-
tion. There are also certain materials whose resis-
tance appears o he dependent upon the electric
potential gradient.

Although these properties have been known for
a long time it is only during the last 10 to 15 vears
that it has been found possible to utilize them.
Obviously a high temperature coefficient of the
resistance offers many possibilities. Mention may
be made, for instance, of the measuring of tempera-
ture and of radiation; furthermore, owing to the
negative sign of Lthe coefficient, there is the possibili-
ty of suppression of current peaks and application

in delay devices, regulating apparatus, ete.
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A peculiar feature ol these materials is that often
their specific resistivity is not a property inherent
in the material, as is the case, for instance, with a
metal, but that it depends to a large extent upon
the antecedents, =uch as the temperature and
the gas atmosphere applied in the preparation, the
presence or not of impurities and many other
factors,

In the ficld of oxidic semi-conductors some
extensive ervstal-chemieal investigations have led
to Lthe production of semi-conducting materials
answering  high  requirements  of  reproducibilicy
and stability. Such a material is being marketed in
various forms ax “N.T.C. resistors” (negative tem-
perature coefficient resistors).

Much attention was paid also to selenium. The
resistance of selenium can be varied by the addition
of foreign substances. Thix investigation has led
to the production of rectifiers suitable for low vol-
tages, e.g. 18 V, and, by connceting them in parallel,
for high currents, On the other hand very small
reetifiers are being made for currents of a few
milliamperes, as used in the amplifving technique,
for example. for modulator cells, which play an
important part in carrier-telephony, and in series-
connected small cells for rectifying high voltages.
By a certain treatment of the surface of the
~elenium and choice of the electrode material it is
possible, Lo a certain extent, to determine the
voltages which are to be applied per rectifying
unit.

During the vears 1910-1945 there has been re-
newed interest in the cryvstal rectifier, a com-
ponent used in the carly days of radio. It appears
that in the range of ultra-short waves, which has
become of such importance, this element in a more
perfected form offers advantages over rectifying
valves, Extensive investigations are procceding in
Lthe laboratory also in this field and have already led
o a rapidly inereasing manufacture of various types
of crystal rectifiers.

There are indications that the possibilities of
applications in the field of semi-conductors are
means cxhausted, and that, by the
very reason of their abnormal properties, we are

not by any
only at the beginning of a development of great

importance for electrotechnical engineering.

Products

This review will be concluded by referring to
some products which have particularly come into
existence in the last ten to fifteen years as a result
of luboratory work, The reader is not to expect
a catalogue with detailed descriptions. Many of the
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products which will be mentioned have already been
described more or less fully in recent volumes of
this journal, whilst a description of some others
will shortly be appearing in our columns. Suffice it,
therefore, to mention in a fcw words only the most
important products.

Sources of light

In the ficld of lighting we have already referred
to the “TL” lamps, which as such have already
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Further, there is the low-pressure mercury lamp
without any fluorescent material but made with
a glass which is transparent to ultra-violet radiation
(2537 A), viz. the so-called germicidal lamp. Other
special sources of light are the flashlamp for the
illumination of Wilson chambers and for other
photographic instantaneous exposures, and a point
source of light in the form of a gas-discharge lamp
the light of which can be modulated up to high
frequencies.

Glasshouse for biological investigations.

long passed the laboratory stage of development.
Further investigations in connection with these
lamps are being carried out in regard to their colour
rendering, for instance with new phosphors used
Particular mention is to
be made of the application of “TL” lamps for irra-
diating plants. Since 1949 the Philips laboratory
has had a large horticultural glasshousc at its dis-
posal, in which various plants are being cultivated,
and also a dozen smaller glasshouses illuminated
exclusively with artificial light. With the large
variecty of phosphors available it is possible to
investigate how the growth and flowering of plants
are affected by the spectral energy distribution
and the intensity and duration of radiation.

in their manufacture.

Radio, television, etc.

In the field of radio conditions had already reached
such a stable state before 1940 that the normal
devclopment of valves and apparatus no longer
belonged to the work of the laboratory, so that
attention could be directed towards new develop-
ments. In the first place mention is to be made of
the new valves for ultra-short waves (decimetric
and centimetric waves). Development of these
valves had already rcached an advanced stage
abroad during the war years, so that in 1945 Philips
had a great deal to catch up with, Extensive investi-
gations had alrcady been carried out with radio
valves in the metric wave range. Special tubes were
developed based upon the velocity modulation of
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lectrons  (the  velocity-modulation  valve, the
clystron, the multireflection tube), employing a
humber of Philips’ own inventions.

An important improvement of heated cathodes
s the L-cathode, which contains a reservoir
filled with barium oxide and enclosed by a porous
wall of tungsten acting as the source of clectron
mission. With the aid of this cathode a disc-seal
riode can be built for wavelengths down to 8 em
vith a clearance of only 40 . between cathode and
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Cucumbers cultivated entirely under artificial light. The light is supplied by “TI.” lamps.
The temperature inside is prevented from rising too high by causing tap water to flow down
the pane of glass in front of the lamps. Half-way down hetween the “T1,” lamps is a TUV
lamp, the ultra-violet radiation from which prevents the growth of algac on the glass.

grid. This new type of cathode offers important
possibilities for many other applications as well.

An intensive study is being made of the special
circuits for generating ultra-short waves, by em-
ploying cavity resonators, and of modern means
for conducting high-frequency energy with the aid
of wave guides.

After 1945 the development of television had to
be taken in hand again in the laboratory on account
of the greater interest being shown in it everywhere,
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67080
Tubes for centimetric waves. From left to right: a multireflection tube with a contin-
uous output of 20 W on a wavelength of 12 em; a receiving tube of the “lighthouse™
shape for amplification of wide frequency bands (gain 10 at a bandwidth of 50 Mc/s,
noise figure 10 db at a wavelength of 10 ¢m); a magnetron yielding pulses of 1000 kW
at a wavelength of 3 em; a velocity-modulation valve with a continuous output of
100 W at a wavelength of 3 em.

Atfirst a system of 567 lines was used, with 25 frames it could quickly be changed over to different num-
per sccond. In the audio channel [requency  bers of lines. This proved to be of great value for
modulation was applied. As a result of many judging the relative merits of various systems.
discussions on the question of the number of lines  When, later on, the Netherlands Television Commit-
the transmitting apparatus was designed so that tee advised the adoption of a system with 625 lines

67074
Some [. cathodes (with a cigarette for comparison of size). The I, cathode has a porous,
metal, emitting surface and can withstand heavy loads, say 100 A per cm2,
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67087

set-up for taking measurements of a velocityamudalation valve (on the extreme right)
at oo waveleneth of 3 em. Here wave guides are nsed for conducting the energy,

and 25 frames per ~ccond the installation wa~ made
~uitable for that sv<tem.
hath to the

problems encountered at the receiving emd and to

Further. attention was devoted
those arising in the transmis-ion. A~ far as reception
i.\ ('(ill('(“[']]l‘ll. l)ﬂ‘('(l ul){l’l lll!' l'(‘.‘llll“ ll]‘ (“[N'ri']l(‘“l\
already mentioned a =vstem of projection television

was~ worked ant with the wid of a Sehmidt optical

svatent. using very small projection tubes with
the ~creen coated with pho-phors =uitable for the
taken

against discoloration of the glass of these tubes

purpase. Special precautions had  to be
under the influence of cathode ravs and Xeravs.
[n the optical syv~tem proper. use was made of a
correction plate made of gelatin, for which a

~epurate method of manofacture had to be developed.

67082

Left: two pich-up tubes for telesision Gin icono-cope and an image iconoscope).
Right: a picture tube fur projection television,
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Of course attention had also to be paid to direct-
view reception. One of the most important results
of the work done in this connection was a consider-
able improvement in regard to flicker of the image
by employing phosphors having a long persistence.

As regards TV transmission the most important
advance made was in the construction of new
pick-up tubes based on the principle of the image
iconoscope. Further improvements lay in the
television cameras and in the studio lighting.

Except for some short interruptions there have
been regular experimental television transmissions
from Eindhoven ever since 1940, for which purpose
a studio, a control room and dressing rooms for
artists were fitted out in the laboratory building.
These cxperimental transmissions have helped
much towards arousing the interest now being
shown in this youngest branch of technical develop-
ment both in the Netherlands and in adjoining
countries.

Next in order to radio and television is the work
the

Ever since 1935 there has existed a department

done in field of teleccommunications.
in the laboratory (organically not belonging to it
but as part of the A.F. telephony department of
the works) wherc apparatus for carricr telephony,
i.a. a 17-channel system, and for A.F. telegraphy
have been developed. About 1940, in cooperation
with the laboratory, a modern carricr-telephony
system for 48 channcls was developed,
in. which the new core material for coils,
“Ferroxcube”, plays an important part.
This system is already being used on
an extensive scale in the Netherlands
and in Switzerland, whilst it is to be
installed also in Denmark in the ncar
In this connection a word of
due to the
officials for their

future.
grateful recognition s
Netherlands P.T.T.
close cooperation. In 1945 the carrier-
wave department was transferred from
Eindhoven to the Philips’ Telecommuni-
cation Industry at ITilversum, whilst a
rescarch group for telecommunications
established in the
Development in IMilversum s

was laboratory.
work
proceeding further in the direction of the
improvement and reduction in size of
clectrical and mcchanical parts, with the
aid of results reached in the laboratory.

Special carrier systems have been
developed which are suitable also for
short distances. IMurther, by developing
such things as repeaters, a super-group

1891-1951 41

through-filter and other filters, the laboratory
has alrcady contributed much towards a system
now in coursc of development at Ililversum
for incorporating some hundreds of channels in a
coaxial cable.

In this laboratory work is continuing on new
methods of modulation; for instance, a simplified
form of pulse-code modulation has been studied,
the quantum modulation, which makes it possible
for conversations to be carried satisfactorily over
long distances in spite of a high noise level. In
addition, the possibilitics of applying new materials
and components for telccommunication apparatus
arc being studied.

In this connection mention is to be made of the
new switching tubes with ribbon-shaped electron
beam, which promise intercsting applications in the
ficld of telecommunications and electric computers.

Special mention is to be made of the system of
facsimile transmission worked outin the labora-
tory, by means of which documents can be transmit-
ted and photographically rccorded at the rate of
5000 cm?/minute.

Of importance for meteorology is a newly devel-
oped radio sonde, in which extremely small radio
valves with low current consumption are employed
and with which experiments arc now being carried

out in conjunction with the Royal Netherlands
Meteorological Institute at De Bilt,

Dr. A.T. Philipsin front of the camera of the Eindhoven television transmitter.
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A product which certainly has ~ome connection  the pi=ton ot one evlinder ix caused to act as the

with radio. considering the need of a supply ~ource  tran<fer pi-ton for another. is of importance in

in places where no clectricity i= available, hat which  connection with future possibilities the consequences

represents the outcome of a development of 1= of which cannot vet be fully predicted.

Laperimental installation for carrier telephony,

own. ix the air engine already referred to in this

review. From a clore study of the heat exchange

between flowing gases and metallic walls and of

materials ~uitable theretor. and further of the
thermo-dynamics of the eveles it has become possible
to build a light high-~peed motor with good thermal
efficiency. A\ new principle. ofapplication for~y~tems

with more than one ovilinder. according to which

In the ficld of acoustics there are (quite a number of
new products to be mentioned. Fiest of all the im-
proved ~ound reproduction by means of <tereo-
phonyo which has led also to the construction of
~mall microphones. The ideal microphone. with small
dimensions compared with the wavelength. also lor
high audia-frequencies. appeared to be most closely

approximated by the condenser microphone,
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Taking measurements in the testing of an experimental air engine. Encrgy input by
electric heating, energy output via a loaded dynamo. Connected to the desk on the left
arc thermo couples measuring the temperatare at various points (inside and outside).
A Farnboro pressure indicator records the pressure in the cylinder as a function of time;
the phase of this diagram is checked with the aid of a capacitive pressure indicator (con-
nected to an oscillograph) and a stroboscope.

Tall for acoustical investigations (i.a. stereophony) and large-screen television (almost
3m X 4m).
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which can now he made in a <ize of about 20 mm.
and for special purpose~ even as small ax 7 inm,
In the Philip~ laboratory the neeessuary attention
has also been paid to the development. started in
Denmark. of the magnetaphone for recording
and reproducing ~ound. Thi~ development obliged
the manufacturers of gramophone records at lust
to relinquish the demand that it should be possible

to play their records both electrically and mechanie-

l‘.\;!('l’illli‘lll.ll clectron mil‘r(lxt'n]n' with

allv. a< a re<ult of which considerable improvements
bhecame pos<ible in the tichd of electrieal gramophone
reproduction by means of anicrogroove records,
Thus the gramophone record may retain it= position
as an instrument of reproduction.

Physiological ~tudy and the resultant connection

with the medival world led to the con~truction of

hearing aid-.
Iixperience gained in the amplification of signals
the

ol veryv low frequency. elose Lo

limit  of

VOL. 13, No. 1-2

audibility. led further to the designing of a vector
cardiograph. some specimens of which have been

given to medical experts for testing,

Miscelluneous

Among the X-rav tubes there is a new one for
contact therapy and. further. new high-powered
X-rav diffraction with accessory

tubes for

apparatus.

+ D | paonr i

T o R o — > - o
'*Wniﬂnumamml“p .

¥

*

an aceelerating voltace of 100000V,

With the experience gained in the field of tele-
vision it has been possible to construct an X-ray
pirture intensifier. by means of which the intensity
of the ~creen picture can be incereased o such an
extent as to allow ol sereening patients in a room
not blacked out. A number of these intensifiers are
now being tried outin Philip=" Medical Department.

A~ an offshoot. <o to <peak. of the development
of cathode-ray tubes. aided by the experience

acquired with high tensions and in collaboration
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Microgram of influcnza virus (specimen not entirely purified) magnified 21,000 times by
the electron microscope. This virus occurs in the shape of small pellets as well as in a

thread-like form.

with the Technical-Physical Laboratory of the
Technical University at Delft, an
microscope with a magnetic electron-optical
system was constructed. An apparatus for 100 kV
has been marketed, and in the laboratory an experi-
mental apparatus for 400 kV has also been built.
Recently, following upon previous experiments
by Burgers, an cmission-clectron microscope has

clectron

been developed, with which phenomena at the sur-
face of metals (recrystallization) can be observed
with a magnification of 1000.

For the detection and measurcment of X-rays
and other kinds of rays, radiation counter tubes with
accessory apparatus have been made, and a special
electrometer with vibrating capacitor has been
developed, which can be connected, for instance,
to a dosimeter for X-rays.

Finally, nuclear-physical rescarch has led to
the construction of neutron gencrators with ion-
accelerating tube (maximum voltage 1.2 MV) and
alsoasynchroeyclotron, with which, forinstance,
deuterons can be accelerated to an enecrgy of 28
MeV; this 'synchrocyclotron has been installed
at Amsterdam.

TFurther, an cxperimental betatron with air
coils has been developed, with which electrons can
be accelerated to an encrgy of 9 MeV.

67065
Portable radiation counter for detecting beta and gamma
rays, fed entirely from built-in batteries. The counter reacts
perceptibility to the rays from the luminescent paint on the
hands of a watch.,
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The <vnchroevelotron installed in the Tnstitute for Nuclear Researelh ot Amsterdam. This
evelotran produces continnnnsly deaterons with an enerey of 28 million electranyolis.
[nthe backeround the elecirontgnet, hetween the poles of which, where there is a maximum
flux den<ity ol 138 Wh n'c are the two Dees (not visible in the photograph) inside
which the deuterans deseribe spiral orbit<. Betwern the Dees s an alternating voltage
with a peak value of 15 KY and a freipuency of about 107 Me <. The modulator (in the fore-
around on the right) varies the frequency periodically by an amount of 12,0 <o a~ to keep
at least <ome of the deuterons to the desired orbits,
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Conelusion

In the foregoing an attempt has been made to
give a review of the activities of the Physical Re-
scarch Laboratory of Philips’ Industrics in the
course of the ncarly forty years during which it has
formed part of the Concern now celcbrating the
sixtieth anniversary ofits foundation. It goes without
saying that these activitics could not have bcen
achieved without the build-up of an extensive
organization for the equipment of the laboratory
and the workshops. In many cases these workshops
have made substantial contributions to the reali-
zation of various projects.

The writer is fully aware that many sides of the
development of the rescarch work have been
inadequately treated in this review. Due to lack
of space, several subjects have received but scanty
attention or have not been mentioned at all.
However, the reader will be able to supplement
this summary by referring to the Abstracts of
Scientific Publications regularly appearing in Philips
Technical Review and to the subject index given
with the last number of each volume.

W. de Groot,

1891-1951 47

A betatron, with which clectrons can be given an cnergy of
9 million clectronvolts, The clectrons travel round in the
annular glass tube scen in the middle. The particular feature
about the rest of the construction is that no iron yokeis used
for the magnetic field.
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BOOKS WRITTEN BY SCIENTISTS OF THE PHILIPS’ RESEARCH
LABORATORY *)

G. Holst. Eleetrische lichthronnen en hare eigenschappen (Eleetrie sources of light and their properties;

in Dutech onlv). Huarlem. e Ereven Boon. 1920,

A. Bouwers, Physica en technick der Rontgenstralen (Phy-ie- and technies of X-ravs: in Dutch only),

Deventer, Kluwer, 1027,

Al van Arkeland J. . de Boer, Chemischie binding als eleetrostatisch verschijnsel (Chemical binding
as eleetrostatie phenomenon: in Duteh). Amsterdam. Centen. 1930 (Supplement 1937).
id. id. Chemische Bindung als elehtrostatische Fr-cheinung, Leipzig. Hirzel 1931,

id. id. La valence et Pélectrostatique. Paris. Alcan. 1930,

J.H. de Boer. Electran emi-<ion and ad=orption phenomena. Oxford. University Pres<. 1935.

id. Elektronencmission und Ad-orptionserscheinungen. Leipzig. Barth, 1937,

W. Uvterhoeven, Elektrische Gasentadung=lampen. Berlin, Springer. 1938,

A. Bouwers, Elektrische Hachst=pannungen. Berling Springer. 1938,

A F.van Arkel. Moleculen en hristallen (Molecules and erv-tal-r in Duteh). The Hagueo Van Stockum, 1931,

W. G. Burgers. Rekristallisation. verformter Zostand und Frholung. Handhuch der Metallphssik 111,
Leipzig, Akademische Yerlag-gesellschaft. 1OtT.

H. Bruining. Die Sckundir-clektronenemission fester Kiorpers Berline Springer. 1912,

P S Bowma, Physical aspect- of colour. 1947 (also in Duteh. Freneh and German) edited by NV, Philips’

Glocilampenfubrieken. Technical & Seientific Literature Department.

. J. W. Verwev and J. Th. G Overbeek, Theory of the stability of lvophobie colloids. Amsterdam.

Elsevier Publishing Co.. 1918,
Jo 1L Snoeks New developments in ferromagnetic materialse Amsterdam. Elsevier Publixhing Co.. 1948.
I, A. Krivger. Some a~peet= of the luminescence of solids. Amsterdam. Elsevier Publishing Co.. 1918,

J. M. Stevels. Progress in the theory ol the physical properties of glass. Am=terdam. Elsevier

Publishing Co.. 1918,
H. Bremmer. Terrestrial radio waves. Amsterdam. El-evier Publihing Co., 1919,

Balth. van der Pol and 1. Bremmer. Operational Caleutus. based on the two-sided Laplace integral,

Cambridge. University Pre-<0 1950,
W. Elenbaas. The high-pre-<ure mereury vapour discharge. Amsterdam. Noord-Hollandse Uitgevers-

maat=chappij. 1951,

*) This list does not include book< the contents ol which are not directly related to the laboratory work, a number of
contributions to manual~. and ~uchlike.
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R 160: The discharge of a series of equal condensers having arbitrary
resistances connected in parellel. . . ... ... ... H. Bremmer

R 161 : Resonant circuits coupled by a passive four-pole that may violate
the reciprocity relation . . . . .. B. D. H. Tellegen and E. Klauss

R 162 : Dielectric measurements with two magic tees on shorted wave

guides . ... ... ... H. G. Beljers and W. J. van de Lindt

R 163 : Minimum-cost transformers and chokes, Il .. ... .........
.................. H. C. Hamaker and Th. Hehenkamp

R 164 : On the mechanism of high-velocity target stabilization and the
mode of operation of television-camera tubes of the image-
ICONOSCOPE BYPE « « « v v v v v e e v vt e P. Schagen

Vol. 6, No. 3, 1951

R 165: On the theory of electromagnetic waves in resonant cavities

H. B. G. Casimir

R 166 : Segregation in regular ternary solutions, Il .... J L Meijering
R 167 : Microwave diode conductance in the exponential region of the

characteristic « v v« v v v v i G. Diemer
R 168: Visibility of approach and runway lights . ... ... J. B. de Boer
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