[EM NO. 9
ETLE NO. %22 (j .

HLECTRONIC TEST i‘*‘»un\r
SPARK AND FLASH DISCHARGE
go {OORAVHIC ;Qw%m
LIPS, HMDHOVEN



INVESTIGATION OF PHILLIPS, EINDHOVEN, WITH REFFRENCE TO
ELECTRONIC TEST INSTRUMENTS,
AND SPARK AND FLASH DISCEARGE PHOTOGRAPHIC EQUIPMENT

3 - 8 December 1944

Reported By

Mr. G.E. BENNETT, M.A.P.

CIOS Target Number 9/7

COMBINED INTELLIGENCE OBJECTIVES SUB-COMVITTEE
G-2 Division, SHAEF (Rear), APO 413



SECRET

TABLE OF CONTENTS

Sutlect Page No,

Subjects of Investigation............cv0uns

(UY]

ContACt e, s st vt e eronsassooensssesennranssss
SUIMBTY . v s sesosovssssasssssssssnassassnnaness
tetlon Recommendel. e et sseerrsnrasccsnsns
Cathode Ray Cscillographs.iceeenveerivenanes
Vibration measuring equipment..............
Pressure measuring equipment...... oo

5 v el cleT:-F to ) of - T T T R R I

DN o o, W W W

=

*tacellaneous electronic test instruments..

spark and flash discharge photograpric
eq’JiI)I:}entl‘li..I.."‘I.ll.'..l"'.l".ll..l lO

Photoelectric CellS.ivreeresnrsnsensasssess 10
General obeervabionsS..veeervrrveeernsrssssas 10

General INteresteeeeseeesenesseseossasssnss 1)

Percsonnel of Team

. G.E. EENNLIT,
tablishment, Ferrbvorzugh, nants.
shot 1440, Ext. 174)

Royal Aireraft Es
(Alder

pY]



Target: No. 9/17. Phillps, Eindhoven, Holland.

Sublects of Investigatlion:

(1) Flectronic test instruments for phyelcal merzurerents.

(11) Srerk and flach discharge photogrephir equipment end
phetoelectric cells,

Contacte:
Dr. Holst - Director of Regesrch
Mr. R. Veldhuyzér - Messuring Instruments Depart-
Mr, Dorsman— - H " " ment
Mr., Dafees— - Photocell Development Depert-
Mr, de Lenge— - Compound " " ment
Mr, Van Veen ™ - Commerclael Department.

1. Sumgary

Informetion wees obtained on the followlinz instru-
mente:i-

(a) ecathode ray osclllogrevhs end electronic
ewltches.

(b) vipretlon measuring equinment.

{c) pressure measurlng equlpment.

(d) stroboscenes,

(e} mlecellaneous electronic test lnstruments,

Ncrie of thece instruments was avellebtle from
etock, but in most cases preproduction models existed and
production wes fully planned and coull cownrence lomediately
electrical power beceme &veilable., The flnrr precessed suffl-
ctent suitable men-pover and ehowed 2 keen desire to setle-
fy our reguirements, Thelr estimated dellivery perind for
emall numbers of inetruments was three monthe from re-in-
etelletion of the electricel sunply. The asveilebllity of
rew meterisls wes in penersl catisfactopry, bit there mizht
be & chortage of special meterlsls Zuch as Berylllum-cOopper
gheet.

Tre firm was prepared to supply any further in-
forzation on the development or manufacture of thelr lnstru-
ments on recelpt of an officlal requeet.

2. Action recoumended,

It 1&g recommended that
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(a) the firm be acked for full manufacturing detaills of
their method of damping tre dlaprhragme, tnelr heat treat-
ment ana the perforuance curves of the ilmproved vibration
pleck~-up units,

(b} an order e placed with tne firm for the following
inetruments providea thelr prices, delivery dates and raw
materisl reqgulireuments are ressonavtle,

(1) 10 off., electronic switeh, rype GM.U4580
{11} 10 off. presmplifler, Type CM, UET0
({111) 1 off, £,000 volt power untit, Tvpe GM.41G8
Liv) 1 off, projectlon unit (for use
with osclilllograpn Type
GM. 2156, Tvpe GM,4199
(v) 25 off, 'electrodynamic' vibration
detector (acsolite) Type GM.5520,
{vi) 10 off., electiromagnetic vibtration
detector (witnout zecnenical
contact) Type GM,5527.
tvil) 10 off, vibration detector {relative)
with adaptors.
(vii1) 10 oft, celiorating unit, Tvpe GM.HB2?2.
(ix) 2 off, gresesure indlcetor - amplifier
. and oscillograpn Type GM,3158,
{x) 2 off, preséure plck-up unit, 10 atoms.
n i 30 ;]
" f! H
# i ;8 H
fH H 1 Oo tt
] il 1 50 t

All unite to have gtandard 3rit'~h 14 am. sperking olug
thresas.

(x1) 1 off, plston movezent indlcastor, cepacity type
, (tor serc-engtne work),
of f. nign internelty strotoscope,

——
>
[
[y
~—
(B

Note, It should be emphaslzed wneu ordering tnat eil
1netrumer.is should lncorporste tre resuits of all
recent deveiopnenis,

(e A contract ce pleced on the firm for tre development
vicretlion excitar cownrising tre foliowlirng unite:-

D
—ly
m

V.L.F. zsecitiator downr to 0,25 e¢yclec rer second

witlh rAanc end motor driven continucus frecuenecy va: ig-
tion.

N welln pover gmplifier for empliticetion of trne oe-
cllislnr cutput, . Exclter unit of the 1nud scesker
tyce for use vith trne cscillator ené power smnlifer,
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5. Cetnode ray osclllograpne ard &c-cessorles,
71T Cathoae Ray osciilogrept T

The followlug typee of oscillogrephe had been pro-
duced during the Germen occupation:-

GM.21%2+ Unlvercszl nlgrn trequency osclllogreph.
Verticsl deflection azplitier - 1,000 ke/
sec., eeneitivity - & &V r,m.8. per cm,
plcture nelaht.

Tize base - 2 to 190,000 ¢/sec.

3c¢reen dlemeter - 2 ¢,

A.C, matpre driven, 110 to 250 voltse
Lo to 100 e/sesc,

GM.32155: Servliclug osclliogréeph.
Verticsel deflection amplifier - 25 to
100,000 c/sec.
Hensitivity - 830 @V r, m.»./cu
350 "
and 126 " "
Horlzeontal deflection amplitler - 25 to
100,000 c/sec,
Seuaitivlty = 70U aVv r.m.s./em.
Tiwe Bege - 20 to 20,000 c¢/sec.
Screen dlsmeter - { cm.
All meins driven.

G¥,31%6: Low frecuency osclllograpn.
Verticel deflection asmplifier - 0.1 to
10,000 ¢g/csec,
Sensivivity - 1 oV, r,m.c,/cm,
Time peee - 0.25 to 2,000 c¢./esc.
Sereen alemeter - 2 cm,
Al: aslirng driven,

Trnese tnree oscillogrepks were marketed py Mesers,
Mullard in Britaln prewar and no furtrer develovrents had
veen mede by Fnilive, A battery operated direct coupled
preaaplifier, Type GM.25/0, had however been develorped for
uee wlth the oscillagreph Type GM. 3156 giving & cocblaatlon
with & totsel galn of 350 COL times.

A new completed development, cslled & "phacsi~g' oecill-
ogreph, wes demongtrated sstisfscteorilv. Trle is on tne
geme general lines as the spove out nas coth vertical and
norizontel deflectlon amplifiere with a freguency range 25
1o 52,000 ¢./eec. snd sensitivities of 25 ana 3% oV, r.m.s,/
cm. detlection respectively in addition ts & hard velue time
bDace generator witn the frequency range 10 to 120,000 c/sec,
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4,2 Electronlc ewltch,

A two way switen, Type 4580, with & swltehiug frequen-
cy variable over tre range 3 tc U0,000 c¢./eec. and con-
telining twvo amplifiers each responding in the frecuency
range 0.1 cycles to 320 kilceycles/sec, wes demorstrated.
Tnis is & dietinet improvement on thelr prewar model btoth
in switchnling circults &nd amplifler responces ané it 1is
consldered & userul acceseory to trne cecillograph Type
GM, 2156 Yor two cnennel recording of pnyslcsl prenouwera
snd for genercl umeeccsurements of pnase differences.

2,%. Catrnode rey oscillogrsph projection eaquipment,

Trile consists of a O to 5,000 volve D,C., power supply
Type GF.21%E, for use vitn an oscillograph fitted witk
ar, lutensliler tupe ana an optlcel projector, Type GM.41¢Q
deeglgned for attachment to tne cecillograph Type GM.3150b.
Iv projects the magnified cetnode rey tuce patiern on to
& screen cne to five zeters aletarice and would tnus ce a
valuauvle sccessory for lapcretory use,

Trie complete equlpment has peen in production.

Viorstion mearsuring eguirment

4,1 TFick-up unit - prewar, Type GM,.ER20,

Tne following information was obteinea on the de-
elgn and performance of tne selsmic electiromegnetic gen-
erétur type plck-up unlt manutactured vy rnilips prewar
z.d werketed oy Mullard in sritair ;-

(&) Materisle:-

oody - soft iron of commercisl purity,

demplog cylincer - copper of cowmercial purity
perménent meguet - ticonal or its equivalent
dlaphragm -~ cerylilum-copper.

{p) Fallure 2f tre dlaphrsgme under severe vicrsa-
vion naed ceen experienced and & tnorcush inveeti-
getion of tne causes made, It was clsimed trat e
fpeclal reat trestment snd menufacturing tecnnique
hiad peen developed wnieh resulted 1n an imcroved
claprragm. 1t wee found impcesitle to make tuese
detéelis avsilacle during ti.e viesit ana it wee trnere-
Tore &rranged tnet <ney pe forwarded on receipt of
8 o1ficlal recuest,

£
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4.2

4.3

A second source of trouple in the plck-up
whicn ned recelved mueh aivtentlion was the exlst-
ence of subeldlary resonances 8t compsratively
nlgn frequencles due to tne harmonic excltation
of tne dlephragzme, Tnis investigation hsd result-
ed in en improved plekx-up ineorporstiug disphrsgue
damped by the epplication of & thin coat of pnly-
styrene materlal, Complete detalles of this were
@lco promieed on recelpt of an officisl request.

{¢) The esensitivities of productlon unite were
matched by controlling tne lntensity of tne permé-
neut megnet atter assembly of tne complete mag-
netic clrcult,

It is considered tnat tne avove conetitutes a dis-
tinet lwprovement in the plck-up design.

OCther types

(a) Type GM, %F27

Thie 1s an electromagnetic generator type, but
1s not selsxic and nas to be fixed rigidly to
ground in tne lmmedlate nelgnoourhood of tne
viprating pbody wnlch muet conslet of & magnetic me-
terial.

(b) A furtner type, referred to as & relative
plck-up unlt, hes been developed for messurements
of relative motlions between two polinte, whirling
and surface unduletioue,

{c¢) The developtent of a smelier and lignter unit
a:,:0 & selemle unlt responding to frequenclies below

10 cyeles per second 1s contespleted, but not yet
gterted,

unite (a) and (b) supplemeut Type GM,5520 and widen
the fleld of applicetion of trnie yibration messur-
ing tecnnique, The production of &l: these pick-
ups 1incorporating tne results of all recent develop-
ments n&e been planned.

Asgoclated eLectronics

Tnese plek-up units are used in conjunction witn
the callorating unit, Type GM.5522, and cathode
ray oscillograpn, Type GM,31%b., No development of
Li:l8 equipment n&s Deen underteken since the wer,
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4,4 Vibration exciler

Tie Tirom's development of a vigration exciter for
vrne artificial exeitetion of speclimens for resonance in-
vestigetion wes discussed, and perts of the equlrpment
aemcnctrated, It conelsels of a very low freguercy cs-
ciilateor, S50 walt power amclifiier ana an exciter of tne
loudspeaker tyce.

Tre cscl:letor le &n R-C tyre, speclally 3Jecigned
for mecnanical vipration work, witn freguericles continu-
cuely verisble, by hand or ©y & motor drive, down to 0.25
cycle/sec. lies electrical design is completed &nd the
aesign of the ampliflier and exciter sre vroreedirg,

Aun equipzment ot tnls nature has numerous appllications
1o vicration inveetizatious and it le conslidered tnat
the development should be encouraged.

Fressure measuring eculpment - Tvpe GM,31RE

An equlpmeut 10T tre measurement of hydreaulle and
pneumatlic pressures using & variabie caspacity type plck-
up unit wes discussed anda demonstrated,

5.1 Capacity type plck-up unit - Types GM.hnb2 and 55b4

Trie consiste of an &alr dletectric condenser wnose
cepacity of z2bout 10 pie, 1s varied by about 5% by the
epplication of pressure to & dlerpnragm., It 1 Jdesigued
priwmeriiy for use on single cylinder sero engines and
ite wmalin featare 1s temperature compensation without
reccarse 1o water cootlug., It was clalmea Tnst vhe unit
was acecuretle and in every way satisriactory over long
pericas a2t & tempeisiures of »OUYC, Tnis perforxzance is
#ltained vy including in tue uaat a second concenser
whoae capaclity verlss with tempersture 1u such a menner
as to neutrallse tne tompera.ure eensitivity or tne *
"measuring” condenser and by usiug a metal wnien wilil
withetand these temperatures for the dliaphragm,

5.2 Assoclated eiectronles

The plek-up unit cepacitiss form vert of a capscity
‘bridge, the remainder comzprlsed of fixed condensers
noused 1n tne pick-up 1284, The bridge 1s energlsed
with alternating currsnt st 2 frequency of LED ¥ilo-
cycles/sec. In such & wey that a long lerzth of ceble
m&y be used from the vick-up head to the assoeclated
equipment, a



The high frequency carrier le modulated by tre
capacity varlatione of the measeuring condenser ard the
modulated slgnal 1e emplified and detected before
aprlication to & cathode ray osclllograph incorporated
in the equipment. In this wey response to steady and
slowly varying pressure ie obtelned without the use of
a direct coupiling in the amplifier. The eaplifier le
sleo designed to pacs modulatvion fregueiacles up to 15
kilocycles/gec, te respconee 1e such that 1t corrscis
for the hyperbelic capacity varlatlon with pressure.

5.3 Flston movement indlcator, Type GM.U302.

Thie ie & roteting condenser type deslgned for a
maximus rotational speed of 6,000 r.p.m. Tne equlp-
mant 1s such that the varietlons ln pressure 8s &
funetion of time or plston moveaent msy be cbtained,

5.4 The bacls equipment wes designed prewar but im-
provemante in tne temperature compensetlon of the plek-
ap 2nd the amplifier response are the resu.t of gecred
developument work during the Germen occupstion. The
equipment had been used on an englne &t the Shell Fac-
tory, Delfc,

Trhe maln disadvantsge of the lnstrumeat is the
comparetively large size cf the plck-up unit which makeg
ite universel aprlicetion to aerc englnes lmposslble,

It can, howevsr, be uced on some types of englnes and
ter cther pressure measurements and ls considered a
veluable instrument, eepeclally if tne clsim for lte
performance &t hlgh tempereture 1ls correct.

5.5 The appllication of the cespacity and plezo-clectrice
tecnniques to meesurements of detonsatlion are urder con-
sideretion by the firm. .

Stroboscore.

A high intensity stroboscope hse been developed
since tne war end & preproductlon model we: demcnstreted.
It incorporates & new deslgn of lamp end gilves seven
different lntensities up to & zaximum of 2 2illlon
lumen. The flash has & duretion of 10 ulcroseconds and
ite freguency ls contlinucusly varieble in tre raage 2.5
to 250 gvcles/sec, Tne design allows synchrinlcetion
of tre fleeh with an external contact "nd single flashee,
The inctramast L3 fully developed and reeiy -°r produc-
tion. 1t 1s consldered & very usefual teonl for the en-
gineer ©oth for visual snd chotograrhic work.
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£.2 Trhe firm has no stroboscoce elmilar to the General
Radioc Strobotac and does not manufacture a emell lamp
on the lines of tne strobotron.

Miscellanecuse electronlc test inetrugents.

{1 Univereal measuring bridge, Type 4140 &and
T,000 cycle cscillator, Type 4250,

No further development during war,

7.2 Valve voltmeter, Type #4132,

Meins overated with ten ranges from O to 10 aV up %o O
to 200 volts; frequency range 25 cycles to 15 kilocycles/
sec; input 1mpedance 1,2 megohms,

Tnig was a new development reedy for production and
seemed to be a good instrument,

.3 Audio frequency oscillator, Type GM,2307.

Frequency range 30 cycles to 16 killocycles/sec. In-
corporated Ilmprovements, such a2 higher stabllity with
meins ana temperature fluctuatlons, on the prewsr model.

It was stated that an order nhad alreedy been pleced
for a nurmber of these instrumente. _ ‘

Spark and flssh discharge photographlc ecuipment.

Trhe firm had dcone no work on this type of egqulpment
and d1da not manufecture speclal compeornents for such
equipment. -

Fhotoelectric cells.

No rhotoelectric cell development had taken place
during the war, the present types being similar to those
rarketed by Messre. Mullard prewar, Thne only aprilication
of protoelectric celle in which the firm was Interested
wae sound recroduction,

Gereral observations.

It wea zppsrent Trom the keen intercst shown in the
sutject dlscussed thet the firm ettacked much lmportance
to tne application of electronic technicuaes to physlcal
mezcuresents and were awere of the Tuture fields of
erslicaticrn. Trelr knowledge was sound, althcugh Some-
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11,

what out-of-date due to lack of facriiiilas, luring
: i}
Joraan occapation, to keep Lu toucn with current de

veloptents,

3

I ¢t

Treir appreclation of the speclal natuare of the
problem, differing frow that of standard redic prectice,
wit apparent from their work on the development of nigh
qualtly components, such ag svitches, resictancee and
condensers, specially designed tor use ln measuring
instruments.

10,2 Tne firm's orgsnleation for tnie type of work:
1e good. Ite besle feature ls gpeclalisatlion on de-
velopment work, cech particuler technlique, e.g. gelec~
tromegnetic or capaclty, belng the responsitility of
& partlicular greup of speclallsts, The organlsgetilon
aleo allowe of small scale production of thece
instrumente,

10,3 Speclaliet tultion in this work is given by the
firm's own educationsl organlsatlon.

Geruen interecst

It wae apparent to Philipe that the Gerzans were
in grest need of electronic weasuring irstruments.
Very few, however, had been dellivered. Appreclable
development hed proceeded secretly during ihe occupa-
tion and it wac steted that none of the reculting
improvemente had been lncorporated in instrumente de-
livered to the Germens.

The followiny specific information weas obteained i~

(&) Oscillograph, Tyre GM.3156 - large orders
had been placed and & few instruments de-
livered.

(b) Oscillogrerh, Type GM.3156 and Meesuring
r gtp Py
bridee, Type 4150, were belng menufectured
in Germany.

{c) Pressure indicstor.

25 had bteen delivered to Germany &nd were
uced wainly for measurementrs of Dblast from exX-
ploeivee., An uncatisfactory deworstraticn of
its application to englne indlicetlng, using a
plck-up which wes noil ccmpensated for telperé-
ture sencitlvity, was given on & €lngle cylinder
englne at Mctoren Fatrik, Brandenburgh.
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‘Tre exicsting German enrgine indicator uses a plezo-
electric pick-up unit and 1s male by A.E.G., Stuttgart.

(a) Tre development of the stroboecore had been inliti-
ated by the Gerrwans, but no instrumente had been deliver-
ed. '

(e) It appeared that mcst German test instruments were
tTade in the development laboratory.

(f) A very high priority wae given by the Germans to
tne manufecture of valve voltmeters and audio frequency
cecillators, '
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