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A CONTI UOUS-FILM CAMERA FOR THE 
O SCILLOGRAPH 

13y II oRAT IO \V. L A:\ISOX· 

AX oscillograph. :lS the llfimc im-
11. plies, is II device which ellH blcs 

one to observe the waveform of 
an electrical current and to note an;v 
changes in this waveform with the 
passage of tillie. This is :tCcompli.<;hC4'1 
hy coll\'ertill~ the vary ing elcdriClil 
current into mechan ical vibmtiolls 
which ure a morc or IC$~ perfect repro
duction of till: vll rinlioll" ill the ampli
tude of cu rrent. .\ srlO! of light refleded 
rrom such a vibrating s.'"!';tem, or the 
shadow of SOllie portion of tile system 

("tGlm: I . The 
ne"- CIIlllern with 

its I l'Cf'$SOrie! nnd 
Ihe Genernl lladi,) 
~lr ing oscillogrlll)h 

~ Engineer. Gell('ml II l1dIQ Complwy. 

itself. focu<;{'(i to 1l point. will \'i brale 
back and forth and will. fl.ccordingly. 
trace a straight line upon a yiewill,!-: 
screen. The It-'ngth of this lille wi11 II(' 
proportional to the amplitude of , ·i
bration butnQ ind ication of the waw
form will appear on the "iewing scrt-'t'li 
i)e('ause the coordinate of time i .. 
lacking. 

There lire two methods whereby II 

proper time elelnent, perpendicular 
to the diredioll of vibration. may be 
introduced. One of these (.'onsists of 
cl.l.using tile \' ibmting shado .... or spot 
of light to he reflectt-'(I, before strikillg 
the "icwillg screen, from 1\ single or 
multipl<--sided plalle mirror which i .. 
rotating" about .HI axis parallel to the 
lillc of vi brn tion of the spot. Tile 
shmlo .... spot or light spot will tht'n be 
given 1111 ndditioll al di spbcemenl. pro
portional to time, Ht right :Iugles to ib 
"ibration dill' to the amplitude ,·:trill
lion" ill tht' e1t."CtriCIlI current. so tJ llI L a 
wan·form. tllal is. a trace showing the 
relatioll of amplitude and t ime. will 
appellr on the \' ie .... ing scrC('n. If the 
current w3\'cfonn is 11 rel)Cated and 
su.<;tll ined one and if the rotation of I he 
mirror is synchronized at 11 proller 
speed. a sl:.l tionar.," trace will appear on 
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the screen. This methoJ is used in the 
Gellcral Hll.dio T\'I't: ~J: 18- 1. String' Os
cillogmph$ lind ill all othl'r ((mil of 
oscillograph making use of the rotating
mirror prillci pl c. 

1f the SCn'<:U UPOII \\ hich the \·ibm!,
ing line is lrlu.'ed is capable of rctnilling 
an installt:l.llCOUS picture of the slH~Jow 
spot or light spot, that is. if it i _~ of t.he 
nnture of :~ l)hoto~'1'aphic film. lhcllthc 
second mcLhod of introcluci llg lhc lime 
axis lIlay hc employoo. Th is collsisls 
merely of pulling :dong t.he !'crccn con
tinuously ill fI. dired.iotl pc q)CJI(licular 
to lhe line or \·ibration. thereby gi\'i ng 
the rC<luircd l rtlce of ampli t.udc vcrsu» 
time. 

This method is cm plo;'1(."(1 in the nCII 

(·Ollt.inuous-film cmnera which t.hc 
Gelleral n adio Comp:lu~' 11 ;'13 recclltly 
l)erfected to he used for obt:. illiug per
mallent oscilloh'1'Hphic r('(.'Orlis. Ob\'i
ollsly. records obt:li llCtI iu this manner 
Illay show either sustaiued or transiellt 
1lllenomcna. 

'l'I1 is instrument, designated as tile 
'!'YN; 408 Oscillograph ('HlIlera. was 
d('signoo primarily to be USCflllS all ad
junct to the 'J'\'PE SS8-1. String Oscillo
grapll , bIll 'With propt'r arrangements 
it IIl1ly be nt..laploo for lise wi th othcr 
Olllk('s or oscillograph. The ins trument 
is intended to IISC 100-foot reels of 
stalldnrd 35-111illim('ter perror:lteJ mo
tion-picture film I)r pap('r, so that in
dh'iduaJ exposurt's of UIl." 1t'lIg1.l1 up Lo 
Ulis lunount may be tlltIde. If only a 
single w py of Ihe recoN I i ~ required . 
Eastman Xo. -l pcrfornlcd rccording 
paper may IJe purclutSCfl on l00-foot 
reels pro\"ided with IculiN" which per
mit loading o f tile CUlnera in day light. 
This paper. while qu ite <;e llsiti\'e. is 
much easicr to handle tim .. negative 

• In the C,l'lK'rnl It Jldio Tn'': ~3S-L String 
Q..c.illflgmpb. tile \'iUl'lIt'hf/. elem(!nl COII.i.t, of" 
.;ngle line tllllll>!e,1 fi lllUlt'nt I',,"\ng: through If 

maRnelic: lield 8upplie<!. hy a pennane"! magnet. 
The shadow Image or the CO:IlI~'T [l'Ortio n .... r th15 
,tring is throll II into !lIe rollltiuj.!·mirrQr Yit\\-ing: 
\xl~ or into the ulIlcra. 

film ~ lock and. if it is de\'clopw with 
Eastman x-ray de \'cloper, produces a 
conlras t)' nnd very satisfactory record. 

The cu mera cons isls of :l. rectangular 
aluminum casling hnving three !'ep:l.
rate compartmenls. The lower COnl

partmcnt on oTle side serves as a nmg:t
ziTlc for t llc uncx!>osed film or paper. 
This film passes o\'er a driving sprocket 
ll.lld t hrough :~ light· tight slit into the 
upper eompllrLmcnt, which sen 'Cil as a 
magazi ne tor the exposed film .. \ dupli
cate reel is provided herein wllie!. is 
llriven th rough II. slipping clutch fmd 

scn 'es 10 wiud up the eXIXlscd film 
properly. L\ S the film pa.sses up over the 
dri\'ing sprocket. it is momentarily 
exposed through a horizont.'I.1 slit rUII
ning transversely Jlcross th e filln . If 
the shadow spot o r light Sl>ot is then 
made to \'ibmte ill ;l horizontal p!;lIle 
to lind fro along this slit., a whilc trace 
ou II dark background or a dark t race 
011 a white background. rcspectively. 
will he produ<.w on the photographic 
paper. 

Independent sliding shutter.1i give 
access to these two eaUlera COlilpart. 
ments so that tile CXlXl.scd. magazi ne 
TUay he opened wiUlOut illuminating 
the other. If short rC<.'Ords. under four 
rect 0111)" lu-e required . it is uot n l'(.'CS

S.-'l. rr to usc the recl in the exposed 
lIlagllzillc since the paper will not curl 
up of ilS own accord as it is f(.-d th rough . 

The th ird compartment on the other 
side or the ellJ.nera contains the vnrious 
driving mechanisms. It necd no t be 
light-tight. The dl'i\ling sprocket is 
rotatoo dircctl;\' by :~ suitable hand 
crunk. but provis ion n Illy eas ily be 
mn.Je for sliustituting a motor dri \"(~ ir 
desired. The t.1.ke-up recl with ilS ~lip 
clutch is dri ven t hrough It chain a ll\l 
!'prockct systcm .. \ resetablc couutN i5 
proyidcd ror l'C<.'Ortling the tlmOllul of 
film that has been exposed. 

Til order to use this camera with the 
Gellerill Hndio TYI'H 3S8-L String 0 ;;
ciUogru ph . the THE 'WU Cmncr:1 
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Frolln: I! A pllln vie'" of the 
alRlent Hlld the Q/tCilIogral.h. The 
... hile line ~h ... ,,·~ the l)Rtb of th" 
light benu. from the ga]VII/l()nI
rll'1'. to th .. mirror, through 
the e"IHJeu~ing len5 ROt! ~yll
ebrtHI<)U! ~hulll'1'. nnd j,1t.() the 
callie .... With the mirror turned a$ide, tin: 
light " liMeS hy into the \'iewing 00:" 

Shelf is required. This :dllllliuutri sllcl( 
is properly drilled for alignillg tile SC\'

erld purl s. It i ~ elLSily atUlched to the 
oscillograph 11n<ierJleatlL tiLe gal\'anoillc
ter .• \ s a part of tile shelf is .~ Hppli('(1 

a tWO' IX)sition plane mirror and mount
ing. This operoltes similar in principlt' 
to a Grunt-X camer:I, a turn of tire 
wrist -.en·ing to throw the image uf the 
yihrating deJllent from the rotating
mirror viewing [,ox into the ClllIler:., 
and vice versa. Simultaneolls "isunl 
observations and pllolograpllic rerords 
arc not possible, hut one may closely 
follow the other. 

.\ nother part of the shdf equiplIlcnt 
colI~ists of [, mounting carrying a 
c,dilldrical lens Ilaying a horizont ... ,1 
nxis. This lens i3 for tire purpose of 
condensing tile peneil of light rays from 
the gul\":loomcler into a narrow llOri· 
zOlltal bcum (OCllS(>(] IIlong the slit. 
thcreby iIlCN':lsillg lile intensity of 
illumination many (old. 

The TnI': 338-1. String Oscillogrnph 
is designed to be operated (rom J 10-
\'olt, 6O-cJl.~ . cu rrent. I n the majority 
of cases the frequency of such !\ source 
of current is carefully st:lbilized so llml 
it nray be used to dri"e synchronou~ 
clocks. II is ftcflucntly desirable to 
utilize this reguilltcd 60-cps. power 
supply as a refetcnce scale of time 011 

] he ll~c i llograplr re(.'Ord1'. For thi s pur-
1'01'(', till! T YI,t; ·107 Synchronous Shut
ter sen'es to provide trans\'erse time 
lines across tile film . The shutter COli· 

.. i~ts of an cncloSt.'d syncllronolls motor 
driven by tile 6O-cps. , 11O-\'oll current. 
The Slillft of this motor. alltl the spoked 
wheel carried thercolI, rotate !It an ex
art SPCl>(] of tell rcvolutions per second. 
This mot or is not sel£-slarting but is 
easi l.,· brought up to sy nchronous 
spced by rotating tile shaft with the 
finge rs. T ile shuttl' r j " so mountoo Oil 
the camera shelf tlrat, as the spokes 
eOTlle into a horizontlll posi tion 011 ol1e 
side. they momeillarily cast n shadow 
lllotJg till' sli t, thus giving a trallS\'ersc 
line on the film. 

A fi\'e-spoke wLeel is provided which 
will. of course. lIlark the film in O.M
SC(:Otld intN\'lll~ with one sl>oke short
(,DCtI to idcntif,,' O. J-St'COnd intcryuls . 
. i'I1odels carrying :L ten-spoke wheel 
h:we been prov ided to lIl fl. rk the film in 
O,O I-se(:ol1d intcn·nis. likewise identi
f.ying the O.I-second intervllk The 
former is to be reCOlllmellde~J except 
for timing \'ery high speed films. 
Through II reducLion gear system a 
separate spoke IIHlrks tire film along 
one edge at one-second iuten'als. This 
is ndvnnlageous in timing long ex
posu res. 
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Jo'lOl' IIE :i. Typicnl recQnJs ,nken with the string oscitlogrnph and esme"". The vertiesl timing line!! 
and lhe ",hill' ~pot (Io,,"el' right corner of OJ were marked at l ! iiOlh-seoond and I-second inter\<als by 
1\ synchronous shulter. A is the record of a watch tick; IJ I.lld D show t he ollCrntion of 1\ reloy; C sho"'! 

the starling And stopping of. vacuum-tuOe oscilL.tor. T ime increR!le:S from lert to right 

The accuracy of these lime markings 
is, or course, the accuracy wilh which 
the altcrnating-currcnt supply is main
tained at 60 cps. The addition of the 
synchronous shutler, which affords 
accurately timed small· interval ilUli
cations on the film, makes the whole 
equipment a vcry accurate I\lId useful 
form of chronograph even though 
lhe film speed of the hll1ld-drivCII cam
era lIlay vary slightly. It is readily 
Jlossible thereby to time intervals to 
0.002 second and with eare to 0.001 
second. Obviously, any other regulated 
source of current Illay be used to drive 
this synchronous shutter, as, for ex· 
ample. an eledricllily-dri\'en tuning 
fork. 
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With the No. 2 paper, the optical 
system of tile oscillograph provides 
sufficient iJlumin1l1 iOIl for satisfactory 
photography al any speed up to about 
80 inches per second, which ii> about as 
fast as the cmnk may be turn{'(j by 
hand . The camera ami oscillOj,rraph 
may readily be use<1 in open daylight, 
the condensed illumination from the 
gllivanornet,er lamp being sufficiently 
intense compured with ordinary illumi· 
nation. It is best. however, not to have 
a strong Jigllt sl,ining directly into the 
camera. 

The many uses of the emnera oscillo
graph wllich wilt suggest themseh'es 
to the experimenter may ill general be 
grouped into two classes: first, appl ica
tions wherein a record of sustained or 
tran.~ iClll wa\'efonns is desired; lind, 
se<X'llld, ch ronograph ic tests in volv ing 
the accurate measurement or compari
son of time intervals. Double-string 
records showing two indepelldcot phe
nomena mlL)', of course. be made as 
read ily as single-string reconls by sub
stituting the double stri ng-holder in 
the galvllnomt:ler. 

As examples of the form er class Illay 
be cited records showing the sound im
pulses produced by small moving Illech
tlnisllls such as clocks and watches. 

FIGUlu: {" The TYrE 401 SynchronoUll Shutter 

records of the sou nds product.-d by heart 
beats. and records showing the making 
aud breakillg action of relay contacts, 
etc. As eXlunples of the latter class !Day 
be cited tile timing of seismic WJwes ill 
geophysical researches pertaining to 
the location of oil . the accurate com· 
parison of two clocks, and numerous 
other time-measuring problems. Actual 
records showing some of these appli
cations are shown in the nccompnn;\'ing 
illustrations. 

T HE NE W O SCILLOGRAPH CAMERA 
cooverls I he oscilloscope model of the s tring oscillograph into 
a recording model. Two uoits are required , al l hough I,he thil'd" 
is a bighly desirable purchase. 

TYPE lOS Oscillograph Camera ...... . . .S L75.00 
TYPE 109 Cam em Shelf . . . . . . . . . . . . . .. 30.00 

.... rypE 107 Synchronous Sbutter ....... 60.00 

GENERAL IlADiO C0 1\'lPAN Y 
OH'ICt:S 1.,\lIO ItATOIU t:S ~'AC1·0It Y 

CAi\IIJItIU GE ,\ , M ,\ SSAC II USE TTS 
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T he General Hndio Compnny', frequellcy.sIHmli.rtls room. At the extreme ler l i~ a reb~' rack cnrr)'ing 
the staudard·frequeney a~.>I!lnbly "e U~ for ollr own r re<:l ucncy measurement~, and at Ihe ~dreme 
right are 1'''0 assemblieo being testM berore shipment to purchasers. The remainder is e~perillll'ntal 

equipment 
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A USEFUL SECONDARY FREQYENCY STANDARD 

CJ3y JOHN D. CRAWFORI)· 

CUnnEyr radiQ litern ture places 
II great deal or cmphllsis upon the 
truly remarkable degree of prcci

sioH in frequency metlsurcments which 
aile can aMain wi til Il primar;y stand
ard like lhe ones sho ..... n 011 the opposi te 
pltge. For a grc:ll lOallY purposes, 
howen~r. :J gOOfI M.'clmda ry slamlard 
y ields all the nccessary accuracy. 
rn lllflH,V college laboratories, in r:l(iio 
tranSlilillcr monitoring rooms, lind i .. 
bro..'ldcasting stations. ror examp!f', 11 

second:lrY st:llldnni ii usually sum. 
cient., ('specially wilen uSCfI wit.h mulli
\·ibrlllorii for cXlcml ing the fange. 

La st. fall, J. K . ( 'lr.pp, a General 
H<tdio cliginecr, published datal show
ing that under lLorllml conditions, a 
General Hadia Tn>!,; 3.6 Qllartz ['late 
operllting ill tile broadcast band, 
wOll ld Iml.inlaW its rrNIUCIl<:l' to wit hin 
dO 10 parL~ per millioll, wlleu llS('ti ill 
UIC 11(:\\· TYI'~: 5i,j Piezo- Elcelric o.~ 
e illulor. lie h:l.'I continued t.he work 
with other kinds of plales and finds 
thllt. Ii group or I'pecially mounterl 
lOO-kc. plates' C:III be relied IIpon to 
within ± 4 parts per million, I horle to 
be a ble to publish his re",-Ilts in an 
eu rly issue of the L'.rpfrimimtcr. It is 
sllflieient. for prl'5ent pllrpOReS, how
c'·er. to realize llml il frequency stu
bilily of from four to len parts per 
million clin be expected from commer
cially 1I,'ailahle S('(:ondflry '<lamlllrds. 

H a mulli"ibrator ii ('onlU!cled to a 
IOO-ke. pic1.O-c1t.·dric o.-;cill:ltor, a long 
series or harnJollic frequc ll cies Cll n be 
made {I"n ilable O\'('r :1 wide balld of 
frequencies. SUPllV.'K' that and tllis 
is 1I <;lIall:-' lhe IIIO.,t ('OIl\'ellielll tl r-

• F..dilot. Gnlrrnlll",/,,) I:,r/H',immh-,. 
1 JIl!l>ell K. ClapP. " 'I'hl" F1'<'f'II"II~~' l:illiluilly 

.. f Piezo- EJectrie \lol1'l"I'>-." (lM('r~{ Jr/llho ":.r_ 
ptn'mtllUr, \', ( I(;lohcr Il lill XfH'ellll,l'r, 19:10, 

I ,\ ~ WOU I'-S 11 IUlIlllof'r "I nlHlur lldl1iiJo III'(: 

IHf'I1l\l(ed, rite Tlew 1II1l·ke, (luartz plllll' ",ill be 
forw.aUy II I1IlQUnce..!lLn(\ l'lttlil"J,'ed 

raug(,lUenl - the rlllllti"ibrator is made 
to operate at a funda mcntal ffl'<)tlclley 
of 10 ke .• its teHllt IlIIrmOllie being Un
der tile control or the IOO-kc. oscil
Intor. There will thcli appelLr iu the 
llIult;\'ibrator output circuilll:l.flllorlics 
of 10 kc. all the way to ti,e SOOth , In 
other words, the pie'1.o-elet,tric oscil
lator Hnd the mullh·ibrat.or yield 1'lIdio 
frequencies al 10-kc. inlervals from 10 
kc. to about !SOOO kc., and the fre, 
queney of elicit is known with the 
5:lIne perceutllge accuracy as the fre.
fluency of the lOO-kc. oscillalor is 
known; ill other words, lo within f('Uf 

to It-n PI'lr13 per million. 
The importance or a system of ba r

monies, even ly spaced at to-ke. inlcr
vals, el'llllloL be overemphasi7..cd. To 
lhe brO:ldcaster it means that he ('lin 

monitor the frC<luelicy of his OWII or of 
:Illy olhcr station and, if tile Il:ltlio 
CommissiOIl shifts Lis frequency :15-

sigll ment. to another chan nel. lhl'rt' is 
no need for bllyillg another set of mOlli 
loring crysta ls. T o the (rldio inspector 
it. mea II:; t.Iml he elil l measure the rrc· 
quency of :1IIy statioll which he call 
hell r. To the radio laboratory it me:tIls 
thut :\ re liable SOHI'C(: of standard ftc· 
qllencies is avn ilahlc for calibration aud 
frcquclley measurements work. 

Thcrc is :\lIolher fe:lture of th i'l 
system which is now illlporl:lnt :1IL11 
which will become increasingly so as 
the :lrt of frequency slilJldartiizulion 
makes Prob'TCss. n.v t~' ing in :Il1othcr 
mnltivibralor with :1 fUlI( lamenlal fre
q uenc .... of HIt) ke. it is possibl e. \.0 .Ie
ri ve a frt.'qlleuey of 5000 kc. wlli (l" 
Hilly be cllccked against thc weekI," 
!'tandard·rrecpleney transmission of the 
U. S. Bureau or Sl:lllll:trtl;;. The "<nne 
scheme is \I'>ed by .Mr. Clapp ill the 
GenNal Ib dio frequency lahoralory 
ror compa.rillg primar .... st.andlltd ~ II itll 
WW\' , lIle reSlllts of \Illieh were de
i:ieribed ill til e las t E.l'pcrimelllCr . 

[ 7 ] 
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GENERAL ORDER 106 
'By CHARLES T . BVRKE* 

A HECENT General Order ( 1U6), 
1"\. of the .Federal Hadio Commis-

sion dealing with the mainte
nance of u station log, requires check
ing llnd rceording of lhe transmitter 
frequency at SO-minllte inlervals. The 
purpose of lhis llIcasureUlClll is pre
sumably to rc\"cal large change.'; ill 
frequency, due to loss of control in lhe 
case of pil'7.o<OlItrol transm itters. or 
failure to maintain the transmitl('r 
frequcncy when a monitor is being 
USftI, or ciwllgcs due to such (;Ol1till
gcncies us failure of the telliperature
con trol devices. 

While the Gellcrnl nadio Tn'.: .)32 
Statioll PrC(IUcney Meter is not suited 
for usc as It secondRfv sta ndard in 
present-day practice, it is very well 
suited to the measurement of small 
(requency drifl'i since it may be rcnd 
to about 20 c;rdcs, th;It is, frequency 
differences of 20 cycles mar he ob
served, although the instrumcnt will 
not retnin calibration of this onler over 
any great period of time. 

The frequency IUeler should be 
checked at hltervnls agninst the piezo 
oseittator (Illllstcr o."Ci\l<1tor or moni
tor) wlJ(~n the piezo oscillulor is known 
to be opera ling under standard condi
tions. 1t will then constitute an excel
lenl means of obsen'ing drifts in the 
transmitter from the monilor fre
quency or loss of control ill II mastcr
oscillator s~·ste lll . 

The T\'I'~: S3)l Station FrC{lllency 
1\.leter consisUl of the usual resonnnee
circuit t:n:>e of Wtl\'emctcr with some 
additional fcalures. A large fixed 
condenser is shunted across the vari
able, so tlwt the cll tlre scule of the 
meter CQvers only O.3C'~ of the station 
rrequcne~(. wilh the sta tion frequency 
in the center. Therc are ten .s<:ale di-

• Engineer, Gene",1 R.ntlio ComJIII IlY. 

visious per kilocycle. In addition to the 
spread sCH le. another feature contrib
utes to the aeeUf:lCY of selling of the 
T\'PE 532 Stntioll l"requcnc~' l\leter. 
A slnnll auxiliary CQndCI1$('r ma~' be 

TY"l'E: .53~ Stlltion I'requency ~-'eter 

connected ncross tIle main ('OJldenser 
by depressing n push button. The 
capacitllllce of this {.'()mlcnser is suffi
cient to sh ift the resonant frequency 
of the meter from onc side of the trans
mitter peak to the other. T llc frequ(-'11C\' 
meter is ndjustcd until the gnlnHlon~
cler reuding is unchanged wl1('11 the 
hutton is dcpressC(1. 1'his metlloc:l of 
locllting the ceHter or peak of the 
resonHIIC<: curve is milch more nccu
rate than ntternptillJ;:' to set to the tup 
of the CUT\'e by ol;"cT\·i ng maximulIl 
galvanometer deflection. 

The price of tile THE 532. Station 
J-'reqllene~' Meter is $130.00. _ 

GENERAL RADIO COMPANY 
CAMBRIDGE A, MASSACHUSETTS 

"''''~''CI ,,"u. 
CCl"CO~CI . .. ~ . 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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