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oscopc. I l r r ~  is sl~orrn a ordinnry lipllt, the spot  is \vhirli Ilalrllr~ oncr in r;~ch (d) Whcn the Jiglit is 
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E Y E S  F O R  I N D U S T R Y  
. . .  S T R O B O S C O P I C  T E C H N I Q U E S  . . .  

TH E ST R 0 B 0 S C 0 P E, in the last ten tion were stationary, or barely moving. 
years, has exerted more influence on the The operation of a stroboscope can be 
mechanical and electrical industries than understood by reference to the diagrams 
has any other single instrument. In the of FIGURE 1. Consider t.he white disc 
design, production, test, and application 
of moving mechanisms, the Edgerton- 
type stroboscope is rapidly becoming 
indispensable. 

\!?lat is a strohoscope? The dictionary 
gives the following definition: 

"Stroboscope, n. (Gr. arpoflos, a 
wlzirling + a~onds, watcher.) An in- 
strument for studying or observing 
a periodic or varying motion by 
means of light periodically inter- 
rupted." 

In terms of what i t  can do for the 
engineer, the viewing of moving objects 
by periodically interrupted light implies 
practical uses almost without limit. 
Intermittent viewing makes possible 
the optical illusion of slowing down or 
stopping the motion being viewed, 
although retaining all the characteristics 
of the original motion, so that irregulari- 

sIio\m here to  he a flywheel on the end 
of a shaft rota1,ing a t  a rate of 1800 rpm. 
Near the rim is painted a black spot. 
Let us view this flywheel in a darkened 
room, by means of lid11 which is flashed 
periodically 1800 t imcs per miriute (once 
each revolution of the f l  ywhcel). Under 
this contli t ion the fly wheel will appear 
to be stationary, because it is always in 
the same position when we see it. Since 
the retina of the eye retains each image 
for an appreciable Iraction of a second 
(the so-called persistence of vision) no 
flicker is scen, except a1 very low speeds. 

This property of apparently stopping 
motion has many important applications, 
chief among which is the measurement of 
speeci. The rate ol  flashing is equal to the 
speed of the flywheel. Consequently, if 
the ilashing rate is adjustable and i f  the 
flashing rate control is calibrated, the 

ties occurring at high speeds can be strohoscope becomes a lachornet.er. 
studied as if the object under observa- A furlher property of the st,roobscope 

FIGURE 1 (conf.): 
(e) If the disc is periodi- half revolution. (g)  If the flashing rate is slow motion. 
cally illuminated by a light (I) Four evenIy-spaced slightly less than the rotn- 
which flashes twice in cach flashesperrevolutionmake tional mte, the spot ap- (11) If the flashing rat,c is 
revolution, two diametri- four spots visible. Similar- pears to progress around slightly greater ttiar~ tlre 
cally opposite spots are ly, if the flashing rstc is n the circumference a t  a rotational rate, the slow- 
seen, because hetween times the rotational rate, speed equal to their differ- motion rotation is back- 
flashes the disc moves one- n spots will be seen. ence, giving the illusion of ward. 

)O RPM 

)O PPM 



 

FwunF. 2: TnF. 6:H-B Strohowc with '1\·pE 648-A Stroholux. 

1s 1ts ability to show rapidly moving 
objects in slow motion. If the frequency 
of light flashing is made slightly less 
than the shaft speed, say 1799 flashes 
per minute, the flywheel will appear to 
rotate at one rpm because, each time it 
is illuminated, the reference spot has 
moved l / l800th of a revolulion. This is 
shown in FIG HE 1 (g). Consequentl y, 
the spot progresses around the circum
ference at a rate of one rpm. If the differ
ence between rate of light fl ashing and 
rate of rotation is made greater , the fly
wheel "ill appear lo revolve more 
rapidly, the apparent rate of rotation 
being equal to the difference between 
rate of Yiewing and rale of rotation. 
lfthe rate of viewing is greater than the 
rate of rotation, the Ilywl•ecl will appear 
to revolve backwards, as ill FrcunE l (h). 

The practical significance o f the slow
motion effect is that, since it is a true 
·low-motion copy of the high-speed 
motion, all irregu larities can be seen: 
'ibration, torsion, chattering, whip, elc., 
tJ1at are present in lhe original motion. 

2 

TYPES OF STROBOSCOPES 
Earl y stroboscopes, instead of inter

mitten tl y illuminating the subject , used 
a spring-motor-operated shutter to in
terrupt the vision of the obscrYer. Thi 
type of instrument cuts down the aYer
age illumination of the subject and, 
unless of very e:.\--pensive con truction, is 
not uniform in speed and Liming. The 
Edgerton stroboscope, developed by 
Edger ton, Germesbauscn and Grier, of 
the :J Iassachusells Insti Lute of Tech
nology, consists of a light source which 
can be turned on and ofT at accurately 
spaced interYals by an electronic switch. 
The Edgerton system ha many ad
Yantages. Among them are: 

(l) The average illuminatio11 on the 
v iewed object is increased. 

(2) The flash is extremely short, last
ing onl y a few one-millionths of a sec
ond, so lbat extremely rapid motion can 
be arre led. 

(3) The flash ra te i controlled by an 
electron-tube circuit, which is capable of 
gi,·illg accurately spaced fla hing im-



pl~lses. Flashing rates can be standard- under thc trade names, Strohoirrc, a 
ized from external sources for accurate 
measurements of speed. 

(4) Since the object itself is illumi- 
nated intermittently , several observers 
can view it simultaneously. A shutter- 
type stroboscope is limited to  one ob- 
server at. a time. 

The General Radio Cornpany manu- 
factures several strc~boscopes based on 
the clesig~xs of Edgerton, C;ermeslrausen 
and Iirier. Threc stnck moclels are solcl 

strcrhos~opic tachornet es, Slroholur, 
a high-iri t ensity light source opera kerf 
from the Sl,rohotar.. and Stroholrrmr, 
a high-i tl tensity lighf source for slow- 
speed t~hserval ions. 1 t i s  not necessary 
ha t .  lhe room be darkener2 when usirlg 
tE~ese inst rirrnc?nts, since all rnorlelrs prcl- 
vide euough light t 9  override ronsidrr- 
able. s t~ad l ;  background El lumina tion. 
Descriptions and specifications are giu e11 
on pages 19, 20 atld 21 of this bookl~l.  

Q U A L I T A T I V E  M E A S U R E M E N T S  
An important use of the Edgerton rate of the Strobot,ac has advantages for 

stroboscope is the observation, by strob- some kinds of -\~orli. If the contactor i s  
oscopic light, of moving elements of  mounted or held on the shaft u~rder 
rnacIzines. Motion, to be obsewed by observation , the! rotational mot ion will, 
periodic light flash~s, mnst itself he of enursc, appear t n  be stopped. R y  ad- . . 

periodic, either rotating or reciprocating. jusling the angular position of  the con- 
tact during revolution of tl-te shaft, i.e., 

S L O W - M O T I O N  S T U D I E S  
the nashirlg ratc of khe strob- FIGURE 3:Phota~aphcourtesyStraB~morc Pa- 

per Company. With the Strobotac, the repeti- osCQ~ic lamp is equal t o y  or differs only ti ve desim on tl, is slled of phper at 300 
from, the of the object feet per minute can hc made to stand still for 

under observation, transient motions, the inspection of the printed pltttern. Inspection 
vibration, chattering, and other defects is made every thrce or h r  rn inu ta  without 

of operation can be clearly seen, 41- stopping the machine. 

though the fundamental motion of the 
object appears to be either cornpIctely 
stopped or very slow, ilJsually these 
phenomena do not occur when the 
machine is operated at slow speeds; they 
appear only at  speeds too high for nor- 
mal visual observation. Consequen~ly, 
they can be identified and studied onIy 
through Ehe use of the stroboscope. They 
may be defects in design, the result of 
faulty construction, or pcculiar to the 
way the machine is operated. Often they 
can be easily corrected, once their 
nature is known. 

E X T E R N A L  C O N T A C T O R  
The use of an external make-or-break 

contactor for controlling the flashing 



Zry "phasing" the flash. i i can he stopped related to the fundamental speed can be 
in any position desired, sn i ha t. phttaom- observed, Torsion, whip, seconrtary oscil- 
ena peculiar to any arigt~lnr shaft posi- lations, etc., stand out clearly. 
lic~n can be studied. A motor-driven contactor is also nse- 

When the rotational shaft motion is f r ~ l  for slow flashing rates, and for phas- 
stopped by a synchronized contact, ing the flash, i.e., adjusting its time 
transients and harmonics not integrally within the operating cycle. 

Q U A N T I T A T I V E  M E A S U R E M E N T S  

The flashing ratme cr~tltrol of the 
Edgerton stroboscope can be, provided 
with a scale reading directly in flashes 
per minu~e, and, when this is done, the 
instrument becomes rl tachometer, mhose 
accuracy depends primarily upon the 
accuracy and stability or the flashing 
means. 

~ U R E  4: \l\'lien the Stmbot ac is held in operat- 
ing position, the speeti scale (shown in inset) i s  
at t l ~ c  top where it can bc casily sccn by the 

operator. 

The Strobotac, whose scale, for con- 
venience, is calibrated directly in rpm, 
has a usable accuracy considerably in 
excess of that of many ordinary lachorn- 
et,crs, being better than 1(% when locally 
starldarrlizetl. The method of stand- 
anlbation is discussed on the next page. 

The outstanding advantages, other 
than accuraqr, of the Strolmtac for 
speed measurement are : 

(1) L11at it absorbs no power from the 
mechanism whose speed i s  being meas- 
ured, so lhal it can h liscd on low 
power devices where conventional tn- 

chometers would impair operation ; 
(2) that it can be used to measure hhe 

speed of machine elements inaccessible 
to ordinary tachorne~ers; and 

(3) that, because [he lid1 t flash is verj- 
short, ex~.rernely fast motion can he 
arrest erl rrit,hout hl urring. 

r i  Ilrese three factors alone npcn up 
fields of usefulness for the Slrol~otar: that 
other types of speecl-measuring devices 
have left untouched. 

Small electric motors, ddicate mech- 
anisms, and precision devices that slow 
down or stop when even minule amounts 
of pol?-or arc drawn from Ihem operate 
unimpaird when their speed is measured 
with thc Slrobotac. Thus, accurate 
rneawremcnts of s p e d  can be made 
under normal operaling concli Lions, which 
arc ns11al1)- the only conditions under 
w11ir.h the mulls  have any sipificance. 

T n  complicated machines. where the 



Frnr:nt: .i : I ' l ln~c)_~rapl)  rotirtesy Conli~rrrll:~l \Inchines. 
lnc. Ihnt i r t r . r~ l i t l  \lachincs nnrl i l s  ~ ~ r ~ c l ~ . i : l t r r l  l . ~ o ~ ~ l l  
Ce~nlpirn> [I-r t h r  Stz.ot~otac i r ~  tlrr rlr~izt~ of' tj:md .;nr\s, 
t.url? o u r  raws. and F)itr~c! filing rnacl~ines. ' l ' h i ~  p11ologrnl~ll 
S ~ I O \ V S  th11 St l '<~l~t>i i~( .  tlsrtl i n  w:itrl~ir~:: 1111, ; ~ r . t i o r ~  ot' a 
IIoAll l ) r ~ r l t l  s:l\rF rutting a .;la11 oI' I r iu~sy,nsr~~t  plastic 

S I ~  i ( : 1 8 !  f , i l l ~  ~~ct iorb or i , t i~ saw t,(*cth ~ITIC! to  ist)l:%!,c 
ririd [,I+ a r~a lyxc  v i l js )~  1 i o r i .  

Fisr21tb: h :  I ' l lntnrrrnj)l~ r o ~ l r t r s > .  CorltJ- 
ncr i td  ~ l i i r l t i n ~ .  l i t ( - ,  \11 Do.4II  rrlarltincsc 
firt! r r l i ~ i p l , ~ ~ l  nit l b  il Sp~etlmaslrr 1 nrirrlhlv 
Sppprl I ' I IIII~V. 'l'tir 5tr.ol)otac I* 11srtl io  
stl~ciy t111, rr~t>rl~:lnirx of tht: Sprrtltnnstrr. 
pr~rt icwl:u.ly lllr r a l t ' r * c > t  of \*arhinus t orqirr:: 
irl o~.drl .  rr cl~trarat :1ric1 t.n corhrrcbt rur+la\.;i v @  

s l i p 1 ~ i ~ c  nrlrl ~ i b m t i o r i .  

par1 to 11r rneust~recl is in a posil ion corn- from tlic lam 1, shi~ws d irrc*~l y on I ht. 
pIetely in:lr.cess:sible to mec1i:tnicnl con- reed. a stalir~linry irnayc of t h ~  r ~ ~ t f  i s  
t;~ct. a h ~ a m  or light from tlic Sl rol~olac obtainerl W I I P T I  [he reed frthrlue~~cy i s  

can ~rurrall!- be made l o  rrat-h El. and ~ q t ~ a l  to, a. a11 itilegrd mr~fliplt: of. thc 
~ . r ~ t ~ r ; t t ~  s~) (*cc~  measuremrrb I s nlntle. 1Iashing spertl of t hr lamp. T o  sl antlard- 

\.\ Ilmc I lie light from ttlc S;;lrol)ntac is  ize Ihe Sti*clbotnt., IIre scale is set al :16CIfl 
I ~ ~ s t ~ f T w i c ~ ~ l  1 o oyercomt: harkgro~~lld ii- rpm and a trirnmrr i s  adjustcd until  thc  
li~mir~nIior~,or~~hcrelar~t?al~casnretok~c reed appears to slat~cl still, This is re- 
i t l i ~ i l ,  t t r l  a I I S  peated at 900 rprn 11silig ariolhcr trim- 

S T A N D A R D I Z A T I O N  
?'IIP Strol)of at: operates from a GO- 

C?~'!P.* a-r pols-rr line. ancl illis rlfl~rs ,a 

( r o ~ ~ \  ~tiirri t ari(1 t.(*liable nlearis or sl nntl- 
:tr.c!izit~p l lir srmnlt.. F3elow thr sl rohi~sc.op- 
ic. Inllip i s  ~noi~t~lecl  a s l ~ ~ a l l  ~ntblnl ~ w d .  
w h i c l ~  is  ( Ir iwu PIPCI romagri(*lic~:~lly Sram 
the powcar lil~e. 'l'his rcrd -\-il)r.al es at a 
frec~11r1ic.y o f  120 cycles jlrr s~rnl ld. onr 
ibnl t io11  for each half c! t . 1 ~  o f  s ~ ~ p p l y  

f-oltar~.  Sirire ffie slrot~osropic Iic11l 
*Slrnlmtnc9 rnt olwrntior~ at othfr rrrqltd-nrir..; cntt hi- 

<~htmr~rtl (In ~ N - V I I I ~  asrnl~r. 

nler acljnstmrrll . :lrlrFiijo~lal rhecIis at 
intermetlial r ~ ~ o i u i s  can also he matlr. 
T-suall>- only an ndj~~stmnrt  at Ihe start 
of a set or mrnstlrelnerlts ant1 a rherli. n t 
the enrl arr s rq i~ i s~d .  

Ohv blisly. Illr a€-r:urac;v of I he scalr 
wllcrl SI anclartIixc*tl in I his way car) he 110 

l~rbter Idian tlint of the POIT-rr-line frr- 
clllenc!- b t ~ t ,  s i r i ( * ~  the ad\-vr~t  u l  1;2;11- 

chmnous r1rc.f ric. (.locli~ for hr~tnc 11s~. 
ricarl!- all powtlr compaiki~s Iic~ld thrit 
e t i i  i n  - Iiarmw 
limits. an0 thrtir nr.clrrar>- is more than 



Frc;vns 7 :  T'Iint,ogmph c ' r l i ~ i - f  r s y  R e m i n ~ t o n -  Frcrrnr.: 11: I'fiotogr~pli col~rtpay I ivitiinrf on- 
nnnd. Iric. :In applivntion o f  the Strol>otnc in 13011rl. Xnc. T,oobin,~dn\\rn an tltr lrst s ~ t - u p  of 
mnrlcrn productiorr Ir.;! irlg. ~Ir l j~~stin::  the? cut- I . " ~ c r ~ t r :  Y. Tile I I S ~  of f Fir Strul)rti nc farilitatcs 
Eers of elrctric slii~vcrs for aptitrlun~ operation. t.llt* liri:~F nrEjirstmcnt anti irtsltrrs i t 4  R C ' C I I ~ H C \ ~ .  

adequate for spcrtl measurements. The conlrolled power line. G r w  t rr  acctr racy 
ovrr-all sated :~cct~r;~cy of the Strohotac can be obtained over short,-sc;dt: inter- 
is I%,., or better, \$.hen the scale is vals if more standardiz~t~ion arl,jtist- 
st rurdardized in tcrms of a frequency- merits are made (see page 1 0). 

T Y P I C A L  U S E S  
I\merica's l e d  ing m;u~ufac t wers ant1 

users aC machines tlavt? applied t h ~  
stroboscope to the snlul ion oC hundretls 
of mechanical problrms. 13samples t akcn 
From their expericrtcc arr: exceIlent il lus- 
t rn t,ians of the stroboscope's 11  Lility . 
In the design and manufacture of  

srn;~ll motors, for instance, t.11ere are 
many uses fbr I h r !  Slrobntac. These 
rmctional I~orsc power nlolors are uscrl 
to drive fans. rlec! F ~ C  ~r~ixers.  refrigera- 
tors, automoI1ilc hen1 ers, phonographs, 
cen tri frrges, vacrlrlrrl cleaners, and other 
low-power meclianis~ns. Speeds cannot, 
he measurrd by urditlrzry means, becauso 
the load of a convcnl.ionn1 tacllomctcr 
~ ~ o u l d  alter oper;ii ing conrtitions. The 
Ytrobotac, h c a ~ r s t .  i l  requires no me- 
chanical or eleclrical connectiotl to the 
rnnlor, is the ideal Inchometcr for this 

tise. Speed can be rnrastlretl under an!- 
driving or load coonrlitions. Speed meas- 
uremen t s  arr! made Co delrrmine: 

( I ) Korrnal opera Ling s p e ~ d .  
(2) t.'ndcrvoI~age and o\-er\roEkige 

F~E:IT:IC t ~ f  is  tics. 
(3) Spccds a t  ~arious  cundil,ions of 

ovtrlor-ld nrrd underload. 
(41) 'I'orq~c! I-s. speecl char;lc t,cris tics. 
(.i) Ratings of speed, torqllc, irlput, 

and lo;ld. 
( 6 )  CriEicul speeds Eltrr? vihrntion 

oc(:~rrs. 
observing the oper;rtJion of tlie 

mot.or in slow rnolion, l~rush ilclion can 
be stucliecl, and chaltering canscd by 
cornrntl tator eccentricity as ~r-rll as vi- 
hation of frame and parts can oilen be 
clctec trtE. 

'I'hr! Slrobolac is also used to stud?- the 
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opera t inn of ~ lec t f i r  f:~ns. \+ibri~t ion 
can br Ioa~leci, and rl~r air rlrrrerits 
nrolrntt the Ellades r:ln he sem t Ilrougli 
thr: llsr 13f chrmicziI "srnr,kcs" inlro- 
tlurrtI inl,o I,he air slrearn. 'I'llis Z~ch- 
niqnr: I I ; ~  Ied to a considerahla irnpro~e- 
rncnt in f;~n d e s i ~ n .  Singlr-flash phatcl- v , r:..- d 

, i' 

gr;~pl~s  :IF also hrll~ful ( s e ~  pngr 1-51. 
\ ar.ut~ tn cleanrr design I~;ts h ~ ~ n  

nnntlirr firlrl prolific in uses. l o t  c m l y  
lhe  motor, h ~ l t  all rno\.ing parts are 
stt~rlird: liTc twts ace mntlc will1 strob- 
osropic. sl rdies to  ticlarrninr \war, etc. 
11 hrn the cl~anrr vibrates t lw  cnrprt, 
i l ~ r  \-iI)nil ion pat tern can I)(! ohspr\*rd. 

In incll~slrial mail i t  cnarlce 11-ork, t he  
op~r;l l  jori uf gears, cams, drills. saws, FIGT IZK CI I mhore) : J ' h o !  t ~ r a p h  co~irtt-! l~t11.1 I ~ I I I I  1 1 r -  

err, l i r l g  is wafclaet] w i ~ h  ,he line;. Tllr 5trrrfmt:rr :1r1(1 S ~ ; t m h o l ~ r ~  ni<l t l 1 4 -  clvkicr~ of 
propellrr c.oirrjtrr~vr.i~l~h h\, s;l~o\\.it~g tllr pcrrc~r~nnnte 

51 rohot;lr. Ilisadjust ments, rnisnlfgn- n I i1ig11 sprrlIz I)! ~ n ~ n n s  of thr ?iIo\\*-rnn~ ion ribr.~. 
m~nb. n.r;lr. sourcps of noise and ~ ihra -  
tion, rl c... are easily tletec t Infore 
fail urr nf ~,llc rnachincs occurs. I:avernor 
ac:l i o r ~ .  I)PI l slip, ltrbrieation, rlr;lrnnccs, 
arltl t11e rtc~inn of springs 1:;1n ha rlirckrt3 
:inti  ~nttasl~rcd. 

I)rsi=ners of mechanisms lint1 innil- 
uir rnl~lc I rsrr; for I he strobrwcopt.. .\ m:~ni~- 
fact urcr of cent rirugal clu lclles rieter- 
mincs the precise rotational speed at 
which the jaws stwt to open. . p i  m:~kr?c of 
pneumatic grinciers was able to deter- 
rninp thr  spcnd at which ! he optilntlm 
grit id in^ clrr;l l i i  ies occur. .\no!,hrr iri 1 ~ r -  
esting :~ppFieat ion is t.Fie stlldy or slili 
bet\vcrn fricl ion-driven rn~rnhrrs. 

I ses in the atrtorr~ol.il-e irtdl~sl ry 
inclurlc sf ~~rl ies  of  spring surge, ~il~nrl inn 
studies l a determint: where cl:~rnpers 
should 1 ) ~  applied, v;~lve spring opera- 
tion, tlc~,crmination of the effect of ily- 
\vl~ctll mnss on sprcd vnria Lions, st.rrdies 
of pisi on ring i i ~ t  ion, and Ihr c~prration 
of  \ - - I t ~ l  t rlrivrs li)r ~ n e r n t  rrs. 'flie vilri- 

I.'tr:~-~rt.: I I ( r i g l t l ' :  Tllr! Strotmtar rnirl~lrs the 
13irsrl r*r~ginrr'r tn study Itivl sprtty frotn Ihr 
sti11.t to t l i ~ b  "Frrll-t,lewn" j j r a ~ ,  Drl'rrtivr orificcs 
pmcle~rt* irr~b=~~l:tr firel spray. lrnrlirlg to i trrt~ric~r  

cornlr~~stion. 



I .  2 :  I I I  t 1 1 t  I I : I ~ : I ' I I I ~  1 1 % :  I"t~ulogr.np!~ colirtcsy 11. 1:. l<(lgrr- 
I I .  l c c k i r ~  I i t  t ~ i  I I Inn. \l'lirm n iuol,lnn yarn spindlr is \ir\\-rtI r i t h  
I t .  I I I I n i t 1 1  4 thc stro!)orr.opr. t h e  "t~nlloorl" stands out cll'~i-- 

rnnki~lg :tn intpnrlnrit t w 1 .  I\- .;n !Fl:it its P Y H C ~  qllnpe can bc swn. xirlelr- 
Iln41 pIintocr~pJt. 

011s r'eviprc~c*~ t iltg 1-1aris of  r i u  ioterilal 
c.ornh~~s!ioi! cwginr car1 l l r ?  illt~rninatctl 
for slr~rl;v -w-llrn E !IP S~TO~OS(-IS~)P is flashctl 
frorn a coril acvlrrr on t hr c.rankshaf!. 
For st-trdying !he nctioll (JI 1)istons and 
ot 11c-r enclustkr? pnr6ts, a w i r t c I o \ r ~  i r ~  f he 
siclr or an rsl~orirnental criginr is ordi- 
rlarily used. 

The t~st i l r ;  i u(lrrstr>- has foitrd uses f{>r 
Zhc- Strohotat: that lead lo tlireuf sauiiigs 
i r i  I)~'utluction rnsts ant3 a c b f i n i t ~  rlc- 

arir~,  spider flexing, an(% cone prrform- 
anur nrr all suscrplihlt. to strohc~sropic 
rncawlren~prlt. Tibralion tests on aircraft 
rrrril-rrs are facilitntrd. Thr v i l~ ra t inn  
t ablr i s  made to slanrl still ~ l n t l ~ r  r h ~  
strohoscnpic I j~ht , ,  ant1 I ~nwan 1 c?ci vil~ra- 
t i o r t  can t h ~ n  h~ ohs~rverl. \Tanufactur- 
rrs of relays and olher aircrafr instru- 
~nerlls  and parts also usr tht. Slmhniar 
for vihrat icn~ tmts. 

Clrle pl~hlicuti l i ty rompany folrncl that 
rrrnw in  rrjec! etl produrt . (:nrcls, piclr- t he pscrpcss nf yrir~cling cornmu t a tors nrl . . 
rw. splljtilng frnmes, looms, ring travel- rlrctriral marllines coultl 11r ~ v a k c l i ~ ~ l  h? 
prs, ~ H C I  rayon hr~rkets cat1 h~ adjusted means of the  Strohntac \vitl~o~rt shut t ing 
Tor rv~c~i-e effivierlt operation bv rneans of down I he machir~c. Commlit at i)r slid 
I IIE slrobcrsro~~r. Fieeping spir~dles at brush art ion studirs in generators !lave 
r~r~iforrn a ~ ~ t l  at rorrect o p ~ r a t  ilig speerf h ~ e r ~  rnatlr. S~veral  ~ ~ l i l i t i ~ q  ha1.r f( )r~rirl 

nssl8rt.s rnasin~ittn procitlrt inn :tnrf 11ni- t ha t  tltr Slrollotac is r~sert~l  ftjr rrcldiriq 
form product. Thr Strohotfir has been nzrmhcrs nr r ) t P ~ ~ r  itlentifirafior~ marlis 
~~-icIrly user1 ill rrlills for this pilrg~clse,' 

I>rsigri~rs a rul manufarl tlrrri; of IPS- 
~ i l r  rnacliiticr> l t s ~  S ~ P T ) ~ ~ ~ ~ S I - ~ I I P S  as a11 
aid 1 0  clesjgri. 

Ilatlin maillrffic411rers ~ R V P  rn1111d the  
sfro1)oscnpr ~allrnhle in aclj~jr;~ i r r r  p o w ~ r -  
supply -\.i brat ors. Both f r ~ q r ~ r n c y  anrl 
arnplil ~ ~ c I P  of vihral ion can 2~ t r ~ c a s ~ ~ r ~ d .  
Anolher appl ivntion is foilnrl in the 
tlesign of 1 nt~d sp~akecs. \'clir-r: crd clear- 

*Fur a mrnplctc? diwt~wion of rltr usm nT the Srmhlar 
in  fllo rotton tcrt~lr~ i r lr l~lufrv.  s w  "Inlr~llicmr~l I ' s r  nf I t i ~  
Srrntrnt:~~." I)? IlnynlnrvrE \1'. >lilcl~a.n~. 7~rrrL- tTZrItI .  
I ~ c ~ ~ l ~ r r ,  19C. 

rln mF sling mat*hin~ parls t ~ i l l ~ o ~ i t  
s h i  tirag tloll-i~ the machirlr. 
1 Irasr~cernen i s  of I hc II~\T'PT :I I I ~ I P  alicl 

thc torq11~ auglc! of  synchror\or~s e l~rtr i -  
cal r n a d i i n ~ s  are rnnilr l-ry stoppiikg Frlilr 

rotor rnol ion strobrbsvopicall?. u nd 011- 
serving I hr rIisplacrrn~r~E of thr rol t ~r as  
the Ioa11 is applied. 

A-t nu~nllct.  of uses hnvc? hcen frtilnd i t 1  

the prinling incluslry, including the 
checkirlg rrlgistrr a ~ i d  I ~ P  arcumry of 
cnttirtg nnil p~ lnc l l i r l~ .  



O P E R A T I N G  H I N T S  A N D  T E C H N I Q U E S  

E X T E N S I O N  O F  R A N G E  Sl~cterls t111 to 100,OOC) rgnl call he 
H i g h  S p e e d s  meas~rred easily 1 . b ~  this mrt hod, if  cart. 

:ilthough the filrrdamental spccti range is faken. 1 Jighrr sl~nerfs are ~lossihle. and 
of the ~~~~h~~~~ (600 lo 1.),,100 rIlm) the uppw l in~i t  is (1et~r111iri~d IISII~IIT 

covers the majority or qlee(1-m~asuring by the Inca1 condi I ions. 
problems, speeds above and bclou+ this 
range can be tnexst~reti through the use 
of mulkiple relat.ionships, as s11omn in 
~:IC;I?RE 1 (d). 

llcasucerner~t of  speecI ahow 1.1,413(1 is 
simple. I f  the  spertl to IIC rneasurctl is, 
say, 501000 rprn, the Stitrohotac can he 
set a t  any irltegra1 subtnul tiple of 50,000, 
!,hat is, a t  T,O,OOC) + 4, 50,000 + 3, or 
50,000 + 2 rpm, and a single image will 
be seen. Thc illumination of the subjecl 
will, aS coursc, he retluced, because, a t  
50,000 + 11 or 12,500 rprn, the subject 
is illuminated only once in 4 revolutions, 
and conseqt~clltly the  ayerage illnmina- 
tion is only one-frmrth that ohtainecl 
when s~d>ject. spcetl and thc lamp 
spccrl are equal. 

'The salculat.ion of the speed Trorn 
suhrnulliplr: scale actti~lgs is not dificult. 
Let R bc the speed of the shaft or other 
clerncnt Lo be rneasr~r~c.i. Let P, he the 
liighcst Strobotac rentling at which a 
starldstill si~iglt: pal ten1 is o1)t.ained. 
Let I*'? l-lc tllc rrcxt 1011-er st:[ t ing for a 
similar gat tcrrl. Then 

R = F ~ F ~  = In + l ) F 2  

L o w  S p e e d s - t h e  S t r o b s j u m e  

The rneasurrtnc~~l or sprc~ls below 
600 rptn is a more dific~rlt. problem. 
Thn lirnitatiol~s arc! not so rnllch in thc 
St,rohotac as ill  Ihe human eye. That 
property of td~c cye knowri as persistence 
of vision rest1 I I s in  the ret r?r~t.irm of irnagrs 
on the retirra for an appreciable fraction 
of a sccond, \Then the rat c of repetition 
of successive images is above ahout 1.5 
per secror~rl, the eye creates the illusion 
of cot] li nbrous rnolion. 'I'Fris phmomeno~l 
is thc hasis of not only stroboscopic 
work, I>II t also orcli~~ary mo2iu11 pictures. 

'I'Flc Irnver speed limit. of Ihr Slrot)of arm 
600 spm, is solne~~hat, helou- the specrl a1 
wl~ich flirker is ohscrvecl. \ t  GOO rpm, 
and helot\-, flicker is reatlily ohservablc, 
and a tlnrliellet! room is usually neces- 
sary so that lhe eye will not f 0 1 1 0 ~  fl~r: 
rnntiorr of t hr! s~thjcct hct \trer?rl IIashes. :I 

r ,  special model OF tflc Strobotat., J YI'I.: 

hR1-IjL, is available for this applicatiorr 
and has arl extra !ow-speed range of 60 
21, 1.1 10 lym. 

wllece 11 is t,Iw harr~o~lic uurnber for tho I:or best residt s ttr1dr.r geilel-a1 ligl~t- 
lirst. sct t iog. i~ lg  c.o~lcIifiotis, howcvcr. the TYPE 

* .  1532-:I St robolunle sl~ould he used. This l he11 t t  = 
Fl - Fa, powcrf~~l  low-spretl light st, tlrce gives a 

arid R = rtFl hrillin~il, intellst! light flash that over- 
111 makill: I he measurcme~lt, F1 need rides lwt*ligroutid ligh tirig a~lci impresses 
11ot tleccssarily be the highest setting at a sl~arp imagc 011 the eye, \Y i th  [he 
which a st atjolzarj- palter11 car1 he St l*oI)ol ume. swcltl rela t ivaly 1011--spcctl 
oblainerl. Ilut the 11igll;cr 15, the greater merllar~isrns as ?,rill t irlg prcsses. loom 
the diKerence F, - F2, and conse- s11z1ll Ics, packagi rig irnacl~inrs. and heavy 
qticntly the Inore nccnrat ely it can be grinding atlcl crushicrg mmncf~ir~ery can be 
determined. sucrcssfrllFy \va t,cllctI irl slow mat ion. 



't'hr St robolt~mr: is flashed from the book supplied with the StroboLnc lists 
'~YPE 03 1-13 I A SZrc)i)ol ar or From a con- the single- and double-image points 
tartor.. between 600 and 3600 rpm. 

c1esiral)lr: as a flashing solrrcp. Cn oh- 
servi~~p tile motiot~ of Ioorn shuttles, for 
jnsl a1~(~? ,  I he ~ o n t  a d  or, (*IosF~lg an elrc- 
trical circuit once per. rr\.olution, car1 l~ 
a~ta~het l  to lhe main drive st~aff of [he 
loorn. J3y means of a mntrnl mout~ttd 
1116: contactor hcacl, t h ~  time of Itash 
(:all bt. spt at ally aligular 13ositjo~1 aml 
f hr! prlsil ion of ISlr!  sl~tilt le wit11 respc(:I, 
to Ihe angular posit ioli of the shaft can 
ht! determ irlecl. 

The (;ellera1 Rarlic~ ~ ' Y I B E  1,535-.\ 
Cont actor is dcsignecl for this purpose 
a1~1 for casy and converlicrl I, al.tac11- 
merit t,o ~ l l c  shaft. 

A D D I T I O N A L  S C A L E  
S T A N D A R D I Z A T l O 1 N  

As previously mentioned, the scale of 
the Slrohot rtc can be shndxdized at a 
number of points besides 900 and 3600, 
and, greater accuracy than 1% is 
required over narrow ranges, a few points 
in the vicinity of the dcsirsrl speed can l~t! 
spolted 11y means of the reed and a scale 
correction applied. lT7le1-1 this is done, 
the accurac?. over a small range is essen- 
Itially that with which t,he scale can be 
read. 3Iultiple reed images are obtained 
at many points but, because of the diffi- 
culty of interpreting complicated pat- 
terns r'lircctIy, i t  is recommended that 
only single- and double-image patterns 
be used. Single-hage points are obtained 

1200 
a t  scale readings of - , where n is an n 
integer. Double-image points are seen 

at speeds or i200 2,  whcre n is an 
T i  

U S E  O F  S T A N D A R D  
S P E E D  D I S C  

Another convenient method of speed 
standardization uses a synchronous mo- 
tor, on whose shaft is rnor~ntd  a disc 
carrying a spot near its edge. For bcst 
results, a black spot on a while disc, or 
white on black, should be used. A table 
of patterns and corresponding speed 
ratios is given in the instruction book 
for the Strobotac for n motor spccd of 
1800 rpm. This method, like tlte reed 
method, is accurate to the lirni~s with 
which the scale can be read, if the polver- 
line frequency applied to thr! sl;ncIn-c- 
nous motor is con~rolled. 

Precise speed measurements involving 
the use of several standardization points 
over a small speed range ;are often 
required in calibrating or tesling instru- 
menb. Among these use is the calibra- 
tion of aircraft tachometers under CXh 
Specifications. 

S P E C I A L E Z E D  T E C H N I Q U E S  

Special techniqrles are often helpful in 
stroboscopic work. An example is the use 
of a window set in h e  enclosure housing 
a fan, engine, pump, compressor, tur- 
bine, or other encIosed mechanism. 
.JIanufacturers of air conditioning equip- 
ment have used this technique l o  rneas- 
ure the speed and to observe the charac- 
teristics of fans in ventilating ducts, 
where opening the duct would alter Ihe 
operating conditions, The study of pis- 
ton ring performance is also carried 

odd integer, h table in the instruction out by means of a window. An interesting 



F ~ c u n ~  14: Pl~otogrnplr courtesy Rnltl\vin Sot~~hwarl i  Division, Rnldwin T,ocomotive Works. 
Stroboscopic p l ~ o ~ n g m p l ~ s  of cavitntion in hydraulic tnrbine runners. (hvitt~tion, shown by the 

clourly nrens, indicates evcntunl pitling of the blade and decrrt~srs over-all efficiency. 

example or the window technique is pro- 
vided by the work on cavitation of tur- 
bine \~.liceI blades carried out. at the 
1. P. o r r i s  Department, Rald\t.in 
Sou th~wrk  Division, The Raldw in Loco- 
moli ve \Vorks. Cavitation results not 
only in A loss of eficiency, btit. also in 
serious pitking of the metal blades. Tn 
the past, cu t-and-try methotls h~:~vc been 
used to elimina teor reduce cavitation, but 
stroboscopic methods have now provided 
a quantitative solution to  the problem. 

A skctch of tlie apparatus is shown in 
Y I G U ~ E  15 and a photograp11 showing 
the cavitation areas is reproduced in 
F I G U ~ E  14,. Photographs mere taken by 
firing the Strobolux frorn a contnctor 
mounted on the turbine shaft.." 

When parts are so inaccessible ;is to 
require the Strobotac to be placcd some 
distance from the object, thereby greatly 
diminishing the available light, painting ,, //4/ 
the parts t.o give black-and-white con- 
trast is sometimes as 's reducing FIG,,, 1s: Co,lrtesS nRldwinSouthwark Divi- 
the background lighting. sion, Baldain Locon~otive \Vorks. Sketch of t . 1 ~  -. - 

J)isplaccments in \ribrating part,s can apparalus used to ohtain the cavitalion pic- 
tures of FIGURE 1.1. ?'he still-watcr clintnl>er is 

often '' measured the , avoid scvpre distortion of the i l l la~c. 
*For n complcte disnwion of the rncas~trcmenul, 5 

I<. E. l3. SI~nrp, "Cnvilalion of tlydrnt~lic 'l'url>ir~m. 
4-3. M.F:. rrnnaaetirrs,  O C ~ O I W ~ .  19m. I;. \I.. IKrnttit, aid of a microscope and cross hairs. 
"Cnvito~iou Stuciy." Iloldtcin So~~th l r r~rk .  Scptr-ir~lwr. 
1P40. This technique has ken  used by auto- 



mnti\.r! C I ~ ~ ~ I ~ P P ~ S  in rneast~rinp crank- 
shaft i\-Ilip ard vil~ratio~~." 

Iri additior~ lo the mnrr nh~io~rs, uses 
of t Itc skobosc01)ci i l l \ -r  rl\.ii~g titllcr sprnrl 
n~easure~nrr~ts  or s i r l ~ l d ~  slo\~--ri~otiorl 
rjhser\.atioll, rsir*ilsii)rls af t IIP  f t ~ d a -  
l11erlta1 tcrhrticlric* n.ilF nccur t o  tlrr 
~sperienrrcl Irser. 

\ rnor l~  thrse is tlic measz~rrrnrr~t (11. 

st 11rl)-  of wlraf. rniglll be terrnccl scuo~ld- 
ar?- rnrltior~s. . l n  esnmple of this is 
t ralisient or vibrat irlr mot iorts in si)ri~lyrs, 
unrelated t o  tlw T~~ncIarnentaP mr,fion. 
IF a coilrrt sprir~g ~ihratin:: in sirnplt* 
I~arnionie nrol iorl is *'stoppedb' st roho- 
scopicalll;, parasilic motions rarr llicri 
IIP  SPPIl. 

\riother amrigPmP~\t pro~idtts a si111- 

ple torqw mrtcr. I f  t ~ c j  shafts arc !.on- 
r~~cterl  h~ nrl elastir cc>ul>liug anri the 
rotatiorla1 mol ion is stoppwl hy the 
st 1-cd-mscopu, lhc posit,io~l of  a pointer 
or1 the spririg c ~ o ~ ~ ~ d i n g  will change as 
t I IP  clriwn s I I : ~ !  is  ioa(!r:l. 'l'l~c :~(I(liiioti 
cd n scale rnakrs l~r~ssihle rnc;~surernt?~lls 
r,T lorclue. Otl~rr  r ~ l e a a ~ ~ s ~ r n ~ ~ ~ l  s of direr- 

atl l ial cIispPaccmtr~l car1 I F  rnarlr !by a 
similar psucedurc. 

r .  I his principle was t~seti h>- a manu- 
fat1 11TeT of ~ ~ C ~ ~ C ) T H P ~ ( ? T S  10 IllPRRIIrF! hf! 
Ilo\'nr tlissipatccl i r ~  t lip f ar11~1rn~l rr 
grars. 

I+'rt:tmn~ 16 s h c ~ ~ w  n l>rass ti11)c ~ ! ) ( 3 1 1 (  

13 irlclrrs lorig. coupletl to th t -   lotor or 
sliart at ( 3 1 1 ~  r1ii1 while thc otlht*rctlitl rt111s 
iu  a I)r:lring ancl carrirs a drrlra-t ypr 
dial. l\'ithin this t h e  is ;I strniphller~gtI~ 
nl' O.O:37-i11r'h steel pi:lr~r, wire, rigidly 
at tac.l~c*(l aL the motor c ? r ~ c l  nntl fisrct at 
thr othrtr cud to a small: shaf! t tinl hrr~is 
fscctg ir i  a bearing wiflriri illr rilrl of t h t ~  
t 11i)r. ?'Iiis dlaft carrirs n sniall rl~hlrn~ 
wilh arl index mark or1 ir.; ~lrril)latv.! 
wl~irh j ~ ~ r l i r a l ~ s  [lip ~ F I ~ ~ I I ~ I I -  t!isl)l:it*~&- 
I H P I ~ ~  arairtsl the scrtl~ otl t f i c u  ;tctjat.~rlt 
riinl atr;trht.rl to the bras.; t i ~ ! ~ t i .  ' I ' I IP  
short sIla11 the11 passtss I hl-otrgh t h~ 
outer I~t*aririg anrl a c*oirl)lir~g 1 0  the 
rotatirlp rnem!>er or) \ . c . I ~ i c ~ F ~  [ h e  p o ~ ~ c r  
Ions is to I I P  meas~~r.rrl. Tlbus ii  is s w i ~  
t hnt whrn the mot or is sf al ioriary, 
~ ~ T J I I : I I  rotati011 c)f t lic OIII p ~ t t  c o ~ ~ p l i r ~ ~  
n ? l ; ~ S i  rrst~lts irl rotation of t h ~  i r l r l ~ ~  ( l i d  
as l l t ~  piann is l t v i s l ~ ~ l  :*gai~isl its 
rrsl oriug torque. 

\\ lirri tit(: rnol or is slartcrl. tllc* ;t.c.c.t*I- 

or:~I iou ~ I I I S  8 high ~ O I ~ ~ I I P  0 1 1  1 ]I(* w i r ~ ,  
\r.liic-h  night hc b r t ~ k ~ u  excr l~ l  thai, t lle 

ir~des dial 113s its c o t  i o r i  wit11 rtlsl)~c*t, 10 
I hr other dial lirnilrd I c r  180" 1)y rrirarls 
td stop piw. The IoaA Is  rlri\-ca~i dirrrily. 
t h ~ r ~ h r r .  \\-hen slarting or ..;loy,l)itlg. 
I;r~rler nl~~rl ing contlit iorts, lto\\-c*ver. t l-le 
StroIlr)tnt, is adjust~d to g i v r  a st atirrrl- 
ar!' irnnge of the dials, i 1 1 t i 1  the l)ositiot~ 
of tl16: inrlex wit11 rt!sl,cc-t lo  t l l t  dial 
m;lrli(ltl i l l  degrccs ul' arc is rt~aclil!. 
ohscr\rctl. 

1'1c;i 1t1: 16. Clr~so-u~~ of t lfr ttrrc lqtrh 1111,tt.r.. ' I ' l ~ r *  
t i 5 0  { l r ~ ~ n i  di:tI<, n r ~ c  cnl+rying a n  i111l4,v. t 1 1 t h  

crtl~rbr. :I sr:~lr. arc shown twt v pian t I I P  t \\R vr~rti- 
r - i ~ l  rt111pt)rtq. Pl~otogrrlplt rotrl*tc.~y I3ttrllutlr 

Storkwcll C o t n p ~ ~ ~ y .  



. . 1 he torsiori ~neter is easily ralibratcd 
iri a stationary collclitiorl hy cornpal-itrg 
applietl torclt~es on the out ptit shafl lo 

, . 
rcs~ll t i r i~ dial rratlings. I he res~llls 
shollltl givr ;I l i ~ ~ c a r  curye. I'nwer meas- 
ttrrmcr~ t s ;trcb I h c ~  madr by observing. 
wit11 thc Strohotac, tlic. reailir~g of the 
torsio11 clial a i ~ l  the speed of rolatio11. 
(:alcul;~ t io11 of  po\\*er frrjrn the pr*odr~c-t 
of torql~c :111d s p r ~ d  is t I i ~ 1 1  n simple 
matter. 

'rht rrlrlil)mr~lt illust rat crt li;~s heell 
rtsed to rntlasrlrt: polrcr 1losst.s as srnnll as 
0.003 1lorsrl)owrr at speetls of' 600 rprn, 
with arl ac.cb~lr;lc-y of f .SC;. \\'ith srnallcr 
~cll~ir)mrn t rrsing a fillet wire, r hrrc 
scrms lo 1)r 110 rtwon \~11y [his arrarlgr- 
rnrnt rariliol hr llscd for mcastlritlp \-cry 
1nllc.11 srnallr~r amounts of gowrr. 

111 ingrr~ioils application o f  t he Stroh- 
0 1 1 1 ~  has l)cbrr~ macle in ror~junction 
rj-i t h a shadow projector type of cnontour 
comparator. Small irrcglllaritics in the 
rno\irlg parts of  a fIyl)all tnrliorneter 
were l>~ilig me~srlred ~lrldcr stal ic- rotl- 
c l i  tiorla \vi th t h e  compnrnlor, when it 
nccurretl to t lip engineers \vorkiup on the 
project that an iuvesligat ion under 
dynamic conditions could hc made ~ i t h  
st robosropic- light. To ac.complis11 this, 
I he incandescent lamp irl t lie cornpara- 
tor \?-as rcl~lnred hg the S t m b o l ~ ~ s ,  

FIGI:I~II 1R. Virw of 
f l i t 5  irnngc appear- 
inp in thc grolnnd 
_nlii<< srrr.cSn oI' t i i f *  

r-ott!p:~rnlor. 

I * ' I < . I  I ~ I  17. \'irw of' t I1t1 t : ~ { * l ~ o ~ ~ ~ c t c r  1 i i o 1 1 r i t ~ ~ ~ 1  i n  
t lic contour cnrnpnr;~tn~. \\ i t t i  Strobol~~r I ~ I I I I ~  
I ,  t,ovr. I'llotopaph cor~rtcsy I<arl~nur $1 ark\\ ell 

Corr~pr~r~y. 

which was flashtil a t  a rate sligl~tly 
slo\\re~ than the rotational sl)ped of tllr 
tachometer. 'l'he irrqularities at ~lormal 
o p r a  t ing sperds pro\.etl 1 o he somewhat 
clifferr~~t from [hose at slow spcctls. 

TI was fourlcl I)ossil)lc to rnrasurt! t hrt 
I I ~ I \ Y : I ~ I  t rcl rnotio~ls a~it l  to improw the 
porforrnaric*c of thn  tachornctcr l)y 
srt I irlg ,r)ropcr prodort ion toler:~l~crs. 



FIGURE ] 7 shows the trobolux lamp 
installed in the shadow comparator, and 
the image seen on tbe grouud-glass 
screen is reproduced in Frc HE 18. 

An interesting example of the appli
cation of this technique is provided by 
the time-signal recorder in the General 
Radio laboratorie . Here, a primary 
standard of frequency operating a 1000-
cycle synchronous clock is operated 
continuously . To provide a check of the 
operating frequency at convenient inter
vals, the clock reading is compared with 
standard time as transmitted by radio 
from the U. S. aval Observatory in 
Washington. The clock, in addition to 
the conventional dial reading in hour , 
minutes and seconds, is provided with a 
second dial carrying two hands, one of 
which rotates once a second, and the 
other len times a second. The clock faces 
arc shown in FrcunE 19. To read these 
two rapidly-moving hands, a stroboscop
ic lamp is nashcd by a pulse from the 
received t ime signal. ince the t ime ig
nal pulses come at one-second intervals, 
only a few pul ·cs a re necessary to regis
ter the reading on the eye. A precision of 
reading of two ten-thousandths of a 
second (0.0002 second) is possible by 
this method. 

The same principles could obviously 
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be applied to t iming falling bodies, pro
jectiles, and other moving objects. 

T ngenious methods have been devised 
by a number of investigators to suit 
their own particular problems. Among 
these applications are the dynamic 
balancing of rotors, the rating of clocks 
and watches, and tbe calibration of watt
hour meters. One of the mo t inlcrc Ling 
is Lhal used by Profe sor Philip Bucky 
of Lhe chool of ..\lines, Columbia Uni
vcrsiLy, for problems in stru cLure by 
means of small scalar models. By increas
ing the pull of gravity on the model in 
the same proportion as the linear dimen
sions have been decreased, unit, slresses 
in the model and the s lruclure are made 
identical and the eli placement, at any 
point on the model represen Ls to scale 
the cUsplacemen t of a corresponding 
point on the protoLype. To simulate the 
increased pull of gravity, the model is 
spun in a centrifuge so that the centrif
ugal field is substitulcd for the gravita· 
tional field. To observe and to photo
graph displacemen ls a stroboscope is 
u ed, flashing once each revolution ofthc 
centrifuge. 

The stresses in transparent plastic 
models have also been studied in the 
centrifuge by means of polari1.ed strobo
scopic light. 

FIGUilE 19: Photograph of the dials of the five
handed clock on which readings arc taken b-y 
stroboscopic flashes in t.hc Gen<'ral n adio lab· 

oratories. 



P H O T O G R A P H Y  
Stroboscopic photography ~nakes pos- 

sible the recortlirlg of  machine operations 
in slow motion for recorcls nr for cletailcd 
analysis. &lovies of Ihe apparent slow 
motion uf rotating or reciprocating 
meclia~~isms call he made with a stroh- 
oscope (such as 111e Slroboltlx) and an 
onlitiarg mo-\-ic: camera. Similar-ly "still" 
phntugral~hs ran be taken \vhen the 
pat tcrri or machine element appears to 
hc stalimlary. _\Io\lies taken in this \rap 
are, as a rtile, not particularly uscful 
Tor erlpineering purposes, except, as lhey 
may give a record of a condilion which is 
I ernporary and diflicul t to reprucluce, or 
is boo u~~stable for direct visual atia1)-sjs. 

SLill photographs made by the liglit 
from rep~ating flashes depe~~d,  of course, 
on the viewed oh,ject having no random 
variations in speed or cotlfigr~ratior~. ,411  

outstanding example of this type of 
photography was carried o u t  by cn- 
ginecrs of Bald\\--in Soutl~wark, Inc., in 
cor~~~ectior~ wit.h Ihe sttldies of cavita- 
tions i r i  hj-dranlic turbine rr In ncrs, de- 
scribed on page 11. These photograpl~s, 
t,a ken uridcr t.he most di%cuI f, or working 
collditions, sliom what can be acwlm- 
\,lidlcd Ily irrgennity and patietlce. 

S I N G L E - F L A S H  P H O T O G R A P H S  
Single-flash photopaphj- by means of 

a stroboscopic lamp has many t~pplica- 
tions in engineering work. The yarn 
balloon of E'IGURE 13, the loorn shuttle 
of FIGURE 2'5 are both examples of this 
technique. They provide a record of the 
i n s t a ~ e o u s  position of machine ele- 
ments that can he studied and analyzed 
at the engineer's con\+enience. Slotion 
need not be repetitive for this type of 
photography, many examples of vhich 
have appeared in the press by G jon Slili 
and others.* 

\Ytlile thr Strnbotar, Strohol[~s, and 
Stroholume am i n t ~ n d m l  primarily for 
~ i w ~ a l  o h s ~ ~ * v a t  ion of  rnnct~allic~al pllp- 
~iornena, these i~lstrume~tts car] ha I I S P C ~  

cluile sllrt.es~full!- f'nr t a k i ~ y  sirlglr-llash 
pirl [lrw wllerl the area to bc illurnillate<i 
is relatively srnall. l?lr Strobol~ls when 
11sec.I [i)r si~~glt-flash \vork sl~yrl)lies about 
ten times as murh lighI, as il d o ~ s  \vhen 
flashed ronti~iuousl~- from the Strobatac. 
The duration of a single flash from the 
Stmhuliix is ahout I / :$o,000rll serv)~lA. 

% ntso thc wllcction VF striking sinwln.flnslr pllolos 
taken by Iid~crtnn. Grrn~tuliaasen, allrl Gritr i l l  I ~ I O  
hook, KI.RSII, ~,r~blisl~wl by I lnlr. (.:oslr~~bnn, nnd Flint. 

Frcvn~ 20 (below): TYPE 631-3 Strobotac and TYPE 648-A Strobolux. 'I'he Strobolux 
tamp is st~pplicd with a 10-foot cx~ension cable and can be rema\~ed easily frotn i t s  case. 



When single-flash pictures are to be 
taken eyer an area not exceeding approx- 
imately tm-a feet square, and when the 
motion to be photogfnpI~ed can be 
stopped in liol over 1 J30,OOOth second, 
the Strobotac and the Strobolux can be 
ust:d c ~ ~ t i t  r su t i~fact~orily. Where more 
jig11 t is reqr~irerl. the srrlar~-lamp St robo- 
lume. which ferrnishes I O t imps as m11r.h 
light, shr,i~ltl he 11set1. 

1:oc appl icat,ions where Yery short 
exposurc i s  necessary iin order to stop 
eslremcl;l. fasl motion, a specially tle- 
signed light source, calle~i tlie ITicro- 
Ilndi, is avnilahle. 'Che flash duratiorl of 
[his l a n ~ y  is of  the ortfcr of one or Iwo 
millionths or a second. I t  has hecri t~sed 
successfi~t I T  in  phot,op~.aphing projec- 
tiles in iIight a~icl llte propaplio~i of 
fract~rrcs in materials. 

TI lc 1)rincipal problem in high-speed, 

single-flash 1)ho tographg is the s;vrb- 
~Iironization ol Ihe flash with tlie opelt- 
itlg antt closirlg of the camera shut,ter. 

There are a number of satisfactory 
rnellzocls of tripping the  iIash. For the 
SlrobnIus, the tripping circr~i ts are i ti 

the Strohot at:, arlcZ t l ~ e  t~j-o im-,trurnerj t s 
must he usecl in  corn bitin1 ion. A make-or- 
]>real: con tact is the  simplest tripping 
mechanism, and sev~ral  \I7ays irl which 
the coniact can be synchronixeri ace 
give11 in the captioos to t'hr! photos. 
SF1lc.r~ Ihr: Slroboluma car1 E)c Ilasheti 
~Iircrfly h y  R sil~glt: rl~ctriral vontact, 
t1.w Slrohotac is ria!, ~~ecessar!-. I.'~c:r:iir;: 
23 is a11 esanzplc of Stsol~olumc: I,l~otoR- 
ra~>11 y . 

The Alicroflash wiIl trip sat isfa(:- 
toril!, with an)- of these m~thods  ar~tl i n  
addition it is et~uippcd n+ith a tnicro- 
pl~orle and huil t-in ampli lier for t.ri pping 

Frr: r m ~  21: \-ic?\ru of the hlici.nflas11 si?t 11p and scad?; l i ~ r  npetation 



by the sound associated with the phe- 
nomenon to be pllotographecI, as, for in- 
stance, the explosio~l of the cartridge in 
brillet photography. 

MULTIPLE-FLASH P H O T O G R A P H S  
Often, rather than a single-flash 

photograph, several images of a non- 
repeating sequence of operations is 
desired. For simple subjects, several 
flashes recording the scene on a single 
plate or film are satisfaclory and may be 
better for the purpose than motion 
pictures. A familiar example i s  the golf 
cIub photograph of F E G V ~ E  26, although 
there are many applications in engineer- 
ing work. 

The k~c>hnig~ic: of mult iple-flash photo- 
graphs is similar lo that for single 
Ilashcs, exceyd lhat. the firing means is 
arrarlged 10 give a series ol flasl-les. 
Ilearls rnt~sl also be arranged to  initmiate 
and l o  en(? the IFashing sequence. 

The rnovi ng object shszlld preferably 
he white and the barlrgrouncl black, i n  
order t31at successive images of the 
ohject be registered on practical1 y un- 
exposed portions of the. film. Each new 
image will then he registered as clearly 
as the preceding nnes. 

Multiple-flash photographs have the 
advankage of giving a complele record 
of a sequence of mobion on a single fiIrn. 
From such a record motion anaIyses can 
be made. and d o t s  of disalacement. 

F'l<l [> HI5 2 3 :  51 1 ~ 0 k ~ ~ ~ 1 ~ 1 1 ~ 1 ~  ~ ~ l l o l o ~ l ~ ~ ~ p l ~  of' ;I \\ urp 
knit tr.r iu operxt ion. 

vrt:uitrc ' 7 1 :  Jlicruflash photo oC a rnvitnlirrg 
rnotlel propelIrr under tt:st in a water t r t n r z ~ l .  

Col~rtesyLla~~i( l? 'a~lnr  \lclrlcl J3asin,U.S. Navy. 

FIC~JRE 23 (h lo~u) :  FrncBnrr: of an experi- 
mcnt~L bottle under a water pressl1l.o of .520 
pounds per squarc inch. The fracture sLart,cti 
at t h e  ccrli.rr of' t,hc rndiaiing pattern. The 
Jlicrofl~sh was tripped by a crystal plmno- 
graph pickup wit11 r~r:cdlc bcririnp apainst t.hc 
glass. Cn~rrlcsy I-Tart Fnrrl 15rnvirc Company 

and T I .  E. Edgerton. 

velocity, and acceleration can be drawn. 

2 j : \licrofla.sli i ~ l ~ u ~ n  ul' :t pro- 
jcct.ile in fliglit,. Cnu~'i.c:s?: Corr~I~irtnrl  Inspect ion 

Doard of t h e  Uniteti l i i n ~ d a m  and Canada. 



Ftcurtr;: 26: l-'tiotoji~+aplr ct~ut-tctsy I T .  I';. Iltlger- 
ton. Milltiple-llrlsl~ photoprrrplt sI~o\vin:: t lr~  
p n t l ~ r n  matle by n golTcIu1) a s  it,  moves through 

t hr- st rt~ke. 

U L T R A - H I G H - S P E E D  
M O T I O N  P I C T U R E S  

For the detailed analysis of non-cyclic 
mol,ion, or motion in whicll the cycle i s  
t,oo long to be obscrvt?d visually with the 
s tmboscope, the continl~ons film camera 
in conjunctjon with the power strob- 
oscope ofl'ers ti ready solution. 

The power stroboscope, as its name 
implies, is a high-power nnit,. It is 
(!ilpablc of producing flnshcs a t  speeds 
11p to 1.500 per second or 30,000 per 
minute. Conseqncntly, t11c rnergy per 
seconrl, or power, that must br: supplied 
to the lamp is many timcs g r ~ ~ ~ l e r  than 
thn t of slower-speed nni ts. 

The c~unera used wilh this equipment 
Ins no shutter, the length of exposure 
being regulated entirely by the length of 
the stroboscopic flash. 1:riirning the 
photographs for projection is ;lccom- 
plished hy means of a ramm~lt:~tor 
~nountetl on the sprock~t which flashes 
the lamp once for each fr:~rnc! of tr;lvcl 
of thc film. Although the filrn is rnovir~g 
cont itn~ousl>-, no blur rest 11 ls, hecause the 
film travel during h e  short flash i s  
negligible. 

>leans are provided in the ramcra for 
focl~sing the lens on the object and 
prad~icing a timing record on the film. 

Motion pictures talrcn in this way at  a 
spccd of I500 frames pcr second can be 
prqircterl at the standard r:ila of 16 per 
s~cond, giving a rtldr~clion in npparctit 
speed of approximately 100 :1, or t lie?- can 
be analyzed frame by framr: arid the re- 
sr~ l ts  plotted as sho\m in Frcr:ilr;: 77. 

As wi1.h other types of stroboscopic 
phologr:lphy, hest results are obtained 
if  l11c snhject is prepared for maximum 
contr:ist i~tld ahscncr: of mirror s~irfaces. 

FI(;L I{ F: 27:  ~ ~ l > l 1 t - i t b < ~  1 ~ t l i ~ ( ~ ( i - f h ~ ~ '  
1';1sI.t.rlt.r I:ol*por.ill.ior~. I'lo t ol' t lit! 
tlntn ol>tninrrl I'r.c~lrl rt high-spccd 
t ? l ( > t , i t ~ ~  pi~ . t .~ t rv  I.(TOI*(I ol' it 1 1 1  O- 
rrlatit nut. I,r~yq,l.i-. ' I ' l~ is  t ypr- af 
ari:~lysis is ~ISII~III?, III~)I.I~ II<V~'II! tlian 
a r ~ =  ill? actt~;il p l ~ o l i ~ g ~ ~ ~ ~ ~ ~ l i s .  s i r~( : t>  
irrt-zt~laritips i ~ n d  dvftv*I.i\ r >  ~ I ~ P I Y I -  

tion arc ~ t u ~ l t -  t~\~i<Iv111 :h! a ~I;IIICC. 



T Y P E  1631-B S T R O B O T A C  
Descriptwn,: The Strobotac is a small, 
porlable stroboscope. The light source is 
a Strohotron neon lamp mounted in  a 
parabolic reflector. The lreqtrency of a 
vacuum-tube relaxation oscillator deter- 
rnirles the flashing speed which is varicrl 
rnall~rall y arlcl indicated on a riircct,- 
reading dial. The speed caritrol is pro- 
vided with a slo\v-rnotio~~ drive to 
facilitate precise settings. If desired, 
the flashing speed can be controlled by 
an cxterr~al contactor or by the a-c line 
frcqueney. 

The Strobotac is small and light in 
weight. Controls are arranged so that 
the instrument can be helcl in the left 
hand, while the flashing speed control is 
varied witb the right. Speed is read 
ciireclly frorn a drtlm-type scale at the: 
top of the instrument when held in  the 
pr~sit,ion of normal use. 

When a larger area is to be illumi- 
nated, or sufficient light for some types of 
photography is required, the Strobotac 
can be used to cox~trol the flashing speed 
of Idle, TYPE 648-X S'rrolmlr~x. 

terrns of n f~.c(~ucr~cy-cont.r-ullcd power line. 
Controls Tor this ~t~rttldnrtlizatic~n aci,jr~stment 
are inclr~rletl. 
I)urrrtior~ of Flash: Bet\veen 3 and 10 micl+o- 
seconds. 
Tamp E i j e :  The T r r ~  631-PI Strobolron 
Lamp is guaranteetl fur 230 l~or~rs of opernlion 
if used a t  flnslling spccds bclow 5000 per. 
minut.e. and for 100 l ~ o u r s  if used a t  Iiigl~er 

TY I,E ~ 3 1 - 1 3 ~  is a special morlel, which speeds, wit11 hot h of tlicro gunrar~tccs lirnil~rl tn 
60 days after date of shipmmt frotn ollr plant. 

has a'' ildditio'la' ratlge of '' ' '' Heplaeernmt lamp? can hr sopplird. See pricp 
rpm, selected by thro.rvir~g a switrh. Cali- list belo\v. 
hx-atic~n accuracy is riot, gllarar~ l red  for P O Z C C ) ~  S11pp1~: 11 5 vol[s. 60 C \ ~ P ~ C S .  I'ricrs for 

I his morlel. operation rrorrl l i n ~ s  oi'other voltnjiu:, H I I ~  frc- 
qucncics \till he qtlotrd on request. 

S P E C l F l C A T I O N S  F O R  T Y P E  631-3  Pozuar I r tp l~ t :  2.5 \ \7att~.  
T'clcrr rrm T ~ I  bes:  TYPE 631-PI Stroholron, 

Rnnge: The Zundnmuntul range of flashing onp hK;-t,ype, and one 6N7-tvpe arc rccluircd. 
s~eccl is from 600 to 14,400 Per minotc. The A complete set of tubes is f~~rnis l~ct l  wit11 t l ~ c  
speed is rend directly frorr~ a scale graduated in instrument,. 
rpm. 13:: us in^ multiples or t11c fl~d1iThg speed, Mountir tg:  hluminum cast? with carr?,ing 
the range ol' rneast11.ernp.nt can hc cslended I~~nrl lc .  Cnrrl and p l11~  For rbnnnr*rt,inrl t,o l l ~ r  
above 50.000 rprn and, by multiplc images, powrr line are intludcd. C:rimntrtc nprrating 
spee(ls sotns\\-l~al l~clo~v 600 rprn car1 be meas- ins+r,uctions are furnisllrrI, 
urht>rl. 
~ ~ ~ ~ ~ ~ ~ : j = ~ l , ;  dial rentling 900 Dimensions: 755 x 8814 x 37,6 ir~rl~cs.  o\.(!t.sll. 
rpni w l~rn  the Strol)otac is standardized in Yet  IF'eight: 10 pounds. 

'I'v PC' Codc Worrl I'ricr 
-- - 

h31-11 ' Strobotac. .  . . . . .  . . . . . . . . . . . . .. 
63t-1'1 f<c.pt:~cemcnt Lamp. . . . . . . . . . . 
631-Iil, litro1,olar with exrre low-speed 

rarlgc . . . . . . . . . . . . . . . . . . . . . . 

BlthVO $1 23.00 
5ESS:t 6.2.5 

Hf<UIY , 155.00 



the ~meftllness of the St,robotac to appli- 
cations r~qtriring considerably more I igh t 
lhnn the Stroholron lamp is capable of 
supplying, Specifically, it  should he used 
I\-here larger areas are to be illuminated, 
where pl~otography is r~qnircrl, ;tnd on 
hrigh tly Iigh cd ;lrc;ls. 
, . Ihc Sbr01)olus cr~nsists of :I power 

supply : ~ n d  gas-fillctl lamp, cnpnbie of 
prodrlcing ;lI,ouL 100 t,imes ;-is m~lch light 
its !,lit: Sl.robotnc. TIIC Ilitdlir~g source is 
n TYPE 631 -13 Sf,rol)r)lnc. Tile (1 rical,ian 
of fl:nl~ is s~ificien l.ly sllort. lo permit 
single-llnsh pf ~of.ogmphs or srnnll ol?jects 

The entire nssembl?. is liousecl in a - A " ~ l ~ p t n l  cnlrincl, including Llrc I:~tnr, ilnd 

A U X I P 1 A R Y L 1 G H T S 0 u R C E its 9-inch relleclor. 7'1te lamp is rtmo\-- 
F O R  U S E  W I T H  S T R O B O T A C  able and is fbrnislicrl with :i 10-foot 

I)t..ecriptiort : 'I'hc Slmholuu estends ext~nsion cable. 

S P E C I F I C A T I O N S  
R R ~ I ~ P :  1:p fo 100 flnshcs pr!r smontl (6000 per Paw?rr I r ipr~r:  150 \vaLt.;. tnaxitnurt~. 
~r~ i r i~ t tc ) .  Sinclr: flnsl~cs Tor srnnll area plio~og- 
rrttbtrv cnn nkn hr ol,i;linctl. ~ ~ C I I I ~ I I L  TI#!IP: f)tlc 5%3-tvl)t: vncll~rnl t u l r r :  , u . . 

and onc 64%-l'l l n n ~ p  nrc r r t l~~ i rsd.  I t o t l ~  fire 
.,iccrtrnry: 7'111: Rccuracy i~ fflnt 01 II1e S O U ~ C C  stryjplirtl \\.it 11 I t~r! ias~~.irrnn~t. 
c*orlt rollir~g ~ l t r  [Inslting spccd. Scc spccificat ions 
Ior 'I'YI*~: hR 1-15 S~rol)o lac. /icct*ssoricf.u Rrqrr i r~r l :  Sluu~ hc usnd t v i ~ l t  
nrrrntinr~ n j  Flnsir : 10 to 15 ~rticroscmntls n t  a Stvrol~ol :tr. 

t~r~rrrinl nprrrls; ntbo~r~ 30 microsrconds for 
sirtclc f l~~s l~cs  nnrl low sf~cerlu, :lfc~tr r~ t i r tg :  'I'ltr: complcle nsscmhl y is 110uscd 

L ~ t ~ t p  l;;,ft?: ' rh~!  cxpcct~(1 lifc or ihe TYPE iu n s1rct.t ~nr:tal t:nse. 'l'tlc dclacl~nldc It~rnp t t r ~ d  
its 9-irwti rcflcctdr nrc ~tlourr lctl i r ~  OTIC sidr, 11ir: hS8-1'1 3,nmp is nhou t 100 llo~lrs whcn opcc- powcr supply in ttre other. (:ta1)1~4 for connec- nted ir~tr-crnit~en! l y at rn011rrale Ilanhing 
tior1 to lhs poivcr linr a ~ t i r t  lo  1t1v SlrnI~otac are 

spcctln. I~cplnc~~~nrrt Inrnpq can be supplied. 
st~pplitvl. t ( > r t * t  IIIT \+ ii I1 i t f l  ~ I I < L S ~ I ~ - I  i o ~ t  I ~ o o k .  Prr price l i < t  t~r:lo\v. 

lbs tc~r  S'rtpp!y: 11.5 volts. 6fl cyclss. Prices $or D i t t a ~ r r ~ i o t r a :  13 Y I I! < x 13!< inc!tc*u, o\.rrall. 
op~ra l  inn r~~otn  lii~r.; r l r  nt llvr \.oltngr$ and frc- 
tltja*ricir-?r \r ill Ilr r!llc~~t.rl oti rcqtjcst, . \ -~t  Jr f f * i ~1 t  f : 25 po11r1(1*. 

T Y P E  1 5 3 3 - A  H I G H - S P E E D  M O T 1  O N  P I C T U R E  E Q U I P M E N T  
Spt~rr: tIo11.; 110t. ~ ) l ~ ~ ~ t i f ,  n ~lr.;r-r.ipl inn oF t lii-: rr111iprnr-nt I l ~ r r ,  l ~ u  t <p-i lic.:ll iorrs nntl pric.v.r \\+ill l)c 

rt'tlrnistlcd on rtmr~irr.ct. 



T Y P E  1 5 3 2 - A  
S T R O B Q L U M E  

~ h ? ~ ~ r i ~ ~ i o r l :  The strr)hol~~rnt? is a hi&- 
i 1 1  t t~r ls i  1 \? lighf sourr?e for low-spcrtl st roI)- 
osropic' ~)hsrrvatint~s at relalivttly low 
s~~rptls. Tn.o irnportarl t esarnpl~s are l hr 
aria1 ysisanrl adj~ts~rner~ t orshr~l Ile~nt~t io11 

i n  Iootns and of regisltxr i l l  prir~l illy. 

The St.rt,holtimt: cbari he I l a s l ~ n l  Tr.orn 
ari  sternal ror~ laclor. arltl 1 t c t 1 t c : c n  i s  

!>art icularl y usefrll where 1 1 1 ~   not i o t ~  to 
I 

ti011 of' a shaft, srich as a r ra r~ l i s l ln f~ ,  a lam11 Iltrr,i~gli ~i-hich the capacitor is 
c~amsl~aft ,  or countershaft. on olir rrltl il iscliar.g~.t to pro<! t~ce  the flash. 'I'hr 
ofwltir'h acontactorishelclorclarny~erl. disr.1iar.g~ is iriitiated hg a hiqh-vnltag~ 
I t  car1 ;~lsn be flashed from a 'I'Y I ~ E  Stl*ohotrou Irippritl from an est~rrial 
hRI-RSlfl Strclbotac. 'l'he 'hip11 i~tter~sit !. corltac*tot+. 
a id  short rluration of the flash rnakr 'l'hr ~tll irr assernbly is xnourllerl i r ~  a 
t i l t 1  Stroboltrrne adaptabl~ as a liglil anlallrnrlalc-ast~\~itl~ha~iclle.Lam~)nr~~l 
.;ollrt.p for sitiglp-flash phntopaph! i n  its ho l~s i r lg  arr rernnvable froni p o w r r  

rr.;eirt.h prrticrts. whew t h ~  mot i o11  of' si~ppl? assrr~ih ly for IISP at elld ol' 10- 
thr s~rb jec t  is oftpri too f js t  ti) t)r (i)ot c.al)!r. .. 
r t t r p l ~ r t l  h>- roll\-cntictnal "sp~~cl l ig l~tc .  I'laqhing ralr.: up to 1 3 0   PI- n i i ~ i ~ l f ~  

Thr r l r ~ r ~ r ~ ~ l  s nP t ht. St rotlolum~ a-P arr ~,or.ihl~ !'or .;Ilort prrinrlq. O x  ~rload 
o hi&-vol t apt? t ra~~sformt?r ;irr ( l  r ~ c f  i- I)rra krr. oprns \s--hell maxim 111n 1;ak 
lirr: a capatnil or, ~ ~ h i r ' t ~  is c-hargrtl 10 oprrat it19 t i rn~  has brr-~~ rcarhrtl at an? 
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TYPE 1530-A MICROFLASH 
HIGH-SPEED LIGHT SOURCE FOR PHOTOGRAPHY 

Designed specifically for 
ultra-high-speed photog
raphy, the \licroflash is 
capable of stopping such 
high-speed motion as pro
jec tiles in fligh I a nd pres
sure waves in gases and 
fluids. The uuralion of the 
light flash is of lhe order 
of c nc or two micrescconcls 
(millionths of a second) . 
The t echniquE' of micro
flash photography is not 
difllcull with com entional 
camera equipme11t. 

l ·sed widely by the 
laboratories of Lhc armed 
services, the :.\Iinofla h can be applied 
to the investigation of many phenomena 
in pure and applied ~cicnce, such as the 
nwchanisms of wear or abrasion, of 
turbulence in JirJtlids, of fractures in 

solids, of mechanical distortion at high 
rotationai npecds, of atomization of fuel 
in nozzle:.;, and many others. 

The \ I icroflash operate from an a-c 
power line and is porlable. 

S PECIFICATIONS 
Durution of Fla~h: Approximately 2 micro
scc;orrds. 

l'oH;cr Snppiy : 105 to 123, 2 10 to 250 voiLs, 
;)() to GO cycle:;. 

Power Input: 70 watts.. 

Tubes: 
I -5T-t (H (:)_) 1 - FG-17 (GE ) 
1 2\ 3G ( n.CAJ i - 6AC7 (1852) H C A 

1 - 1:1:W-P 1 (General nadio) 

Type 

Acces.o;orie8 Supplied: ;\ 1 icrophon c with cabiP: 
t.ripod; all tubes; spal'c pilot la mps <1 11d fuses; 
2 S])}lre nash lamps TYPE 1530-Pl ; plu_g for con
JI CCLion Lo conLactor-tr·ip jnc·k; i.n~Lruct..ion book. 
Jl1onnLing: The power· supply and tri~ger cir
cuits arc ~ssembled in one mel ttl case, t..hc lamp 
in another. The two cases lock logct her for 
tnmsport&tion, completely prole(' I irrg the lamp 
and controls. 
Dime~tsiu11s: 21!$ x l3Y.( x 11%' irrclws, 
O\'Crall. .Yet. Weight..: 72 pounds. 

Pri<·c 

li5:W-A j ;\I icroflash .... . . .... _ ....... . .. . , 
15:~0-Pl 1 Hcpla <:cmeul Flash Lamp . .... . 

\.od e ~'ord 

TAFFY 
TO~If.: 

SGOO.OO * 
22.00* 

*!'Ius current Fcd~rnl tmr on pho tographic equipment. 

GENERAL RADIO COMPANY 
275 MASS~CHUSETTS AVENUE CAMBRIDG E 39, MASSACHUSETTS 

NEW YORK E. NEW YORK 
90 WESf ~"'REEl 

FORM !597·0 
114 9 12 

CHIC AGO 5, IlliNOIS 
920 SOUTH MIC HIGAN AVENUE 

Sixth Editiou. Dcc:cmlwr. 1919 

LOS ANGELES 38 . CALIFORNI A 
1000 NORTH SEWARD STREET 

~ 
~ 


