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Seeing the unseen with Gen- 
- eral Radio Strobotac@ else- 

- - . tronic stroboscopes. Here's 
" how a pair of gears, a circular . A 

8: < 
saw and a water jef appear - 

. ' -". _ first to the unaided eye and 
next with the help of the b '-4 intense, shortduration lieht 
flashes from the Strobotac. 





Figurs 2. Thsrm plots 
show Ihs morksd im- 
proveman9 in Rmh 
duration in Ihn new in- 
rrrumsnt. Both plolr 
urn for high-intensity, 
low-fiarh-rata eondi- 
tionr. Ysrlicul stalms 
arm no! c.ompmrable. 
Psuk fighl intanrity i w  
ubout 70rimss ss grsal 
forthonew instrumant. 

posit ions, rrspr~c.tivcly. Thc pl~ysirill 
I c n ~ l h  rjf thr arc is % i r~r l~,  so tlltlt n 
rlnrrott. I~cn m nndr*, ~rit,lh I I ~ A I I  i i l t ~  rrlinn- 
~ i c r r ~  rrf distnrlt ot~j<bvfs,  cnn krr zrhic\.rd 
with R sn~nl l  r1iarn~tt.r s ~ R t b ~ ~ ( n r .  T h t  lifr 
of tEtr Strul)oti-on is :ilsn irnprovrtl, nntl 

rrf n spritic-loadutl d~ te r l t  lmitcm, which 
nl1rtir.s t I I I *  rrflci-tor to i l r k  removrtl msily 
for r~p lu r rmrz l~  of t h ~  E;trt~l~otrnrl tuljc. 
:I s-nnll nnlourlt of dispcrsiorm is h ~ i i l t  into 
t l ~ c  w~r.fnc.o of thr  reflcr~tor, so that  a 
tr~s:uly uniftlrrn light pattcrlt ir protll~crrl 

I thr. nvthr.:lfir 11scr &o~l l tE  nGlc to ol)t:i i l i ol-rr ~ l l r  10 rIrg1.c~ wid111 uf t h r  light 

Mechanical Features 

The, TYI~E  l>Rl-.I St~o1rot:iv i:: hnusod 
in t h r  flip-tilt cnsc IIO\\+ usnl  ftn. rnatly 
t i t \ \ \  ( :mcrnl Rntlin portnF~lr itlstl*~rmrrits. 
T!IP ~~rm'rrrtnrntly :it t:~cllrtl cwvrs of tliis 
(.we rban bv Iocliril i r ~  cbit Ilc-r t l ~ e  t otnlly 
v l o ~ t ~ l  III. t h r  totnll>- opm pos i t  iorisl t tlu:. 

prul-i$ing prot~c.ti:jn i l i  stnlhngcur. tralisit 
without hci~ig in thr way hrri thc in-  
strument. i s  in ltrr. Thr tilting frnturc is 
wry  ~*rlr i ' r ' r r l i r l l f  \ I . ~ ? T L  t h ~  instrurn~ti t  is 

t o  hc user1 r l n  ;i twnvlr top. ,-l ricc'k s f r ~ p  
is provided for supporting thc instnt- 
ment, $0 that the trperatoi.'~ Ilnr~cls car] 
be f r r ~ ,  i f  dwirctl, (Scr Figr l r~s  R anrl 1.) 

The lamp arm is llingrri to prn\.i(lo 180 
d e g r ~ v s  of traurl, ~ r l r i  t he  rrflcctor ro- 
tatrs 3ti0 clrgrccs sroulltI :I srrt)~lr!, prt- 
p~ndiczilnr nsis to provide free aiming of 
t h r  ligl~ t hrnrn. The mull iplc-csposurc 
photograph (Fi~11te 3) sho\z.s tlw rcflcc- 
tnr  in ~ h r r r  positions. 'T'IIP ~ ~ f l r ~ t o r  id  

srrnrtdy EirltI I n  tllc lamp :~rm 1)s rnc:ms 

trmrn. 
.I11 ~htrrltribls :lrr lorntvd  or^ n s i r i~ lc  

pnt~cl, 3.: s l ~ o n n  in Figr~rrb 6. Tllr~ ratlgc- 
s v l t ~ t  i o r ~  5u-i (r.11 :ITI{I ~ p n i  i~o~~ti-tol ( 1  i : ~ l  are 
c0nr~c111t rit. for iL:lsr3 oI t ) p~~ . a t i~ )n .  ?'hrrr 
rpm r : i i ~ ~ r ~ s  1u.o~ieIr fl:~shing r:~trs Irnm 
1011 rylltl t t r  9.i.000 r y n .  T ~ P  rnrlgc i l l  ~ s c  
is il!unsi~~:~t ( ~ 1 ~  11 l ~ i / i l  311 01 1 1 ~ s  fire 
r~rv~rr.cl t)y :L m:~.;k ntt:irml~rrl to  the 
rsrtgr~-srl.rt.~ iem kriolr t (1 prrvrrlt z.~~rlfil- 
sitnr~ i r k  rw(1ing thr ~Iifil. 
:Z power s \ i i t r . l ~  is prr~vidpd srparntr 

from tEl t~  rilngt-*rEr.r.tw ~ n i t c l ~ ,  :irid a 
six-foot pa\vcr cwrt2 is prrmnriclitly :lt- 

tarllcd to t lic: ~ n ~ s t r ~ i n ~ c ~ ~ i l .  'The ccllrd ran  
he convcnirntly storrtl n-l~pri ~rmpprrl 
~ r o u n r I  t tlcu r~flvctor h o ~ r r i r i ~  and r n ~ g e  
knob (SPP Figure 6 ) .  

Fnr m:tinten:tncr v r  ~c lr \ - i r . i~ lg ,  thc in- 
str~rlnrrit ran b~ vnsil?. r~rnoved from the 
cnsr Olir ctrhrd honrd i s  hlngctl, so that 
all pnrts arc readily arccssihle. 

Oscillator Circuit 

The irit r>r.l~al oscillator usr~d in f Ize ncnr 
Ptro.mt nr  is :I f s r r - r u l ~ ~ ~ i r ~ g ,  :tm]~lit~tdc- 

Figurn 3. Two vlewc of fhs new Slrobotac, showing Figurs 4. This adfurtable neck strop supplied with the 
((sfrJ nip-lilt case closed for currying ond (right] open Slrobota~ freer Ihe eparotor's hands far &her runt- 
with punel loeked in tilted position for convsnienl use. tionr. 

s p r ~ s i t i ~ r ,  histalr l~ circl~it that is a mod- 
ific:it inn nf the fnmi'liar Scllmitt circuit. 
Thc irequcz~cy at trhich this  circuit 
opcrnt PS is dr.tc-rnlin~d by ,z resistor- 
capacitnr raombination cnnnltcted to thc 
input  arrd x ~ar iahl r  dc voltage. When 
t l ~ c  dc voIt:tp is rhanged, the charfing 
ra tP  of the r-ayncitor and the time he- 
t ~ r r ~ n  ntttput pulses changr. The flash- 
ing-sntc contrul (Ypm din11 is A peten- 
t ion~eter,  lny mc.ans of \vhir.h tllc dc volt- 
nev ran ~ J P  variril to ~ T O C E U C ' P  3 flashing- 
rntP 1'RnfLr of G.'la5:1. T ~ c  rpnl s c a l ~  is 
cssrritinlly l i n ~ s r  with tli:31 rcrtation. A 

figure 5. ThIr multlpla-expotura photogrmph Itlur- 
4 

tratsr Ihs SW-dsgrss tanartor rotation. Hingod lornp 
asssrnbfy permits addilional pe&ltionlng in vmrlical 

plane. 

Lto-1 cI i :~n~c irk Er~qua~rj*  is o b t n i n ~ r l  
bctwrrn ranjips hy n corr~sporitling 
c h a n ~ r  in the timing r:tpxcitor. Trim- 
ming rwistnrs, set n t  thr fxctory, arc 
used t n  mrrort for ~rnnll vari:ltions in  
cnl>acitos vnlues so thc three mnges 
track pro[)crly. 

External Trigger 

IYhe11 the rmgr switrh is 5 ~ t  ill any 
of the eslcrnal-i tlput posit ions, t hc os- 
cillstor circrlit is ronr.t*rtctl intn n r w l -  
I - ~ I I I  innnl n m p l i t l l d r - s ~ n s i t i ~  Schrnit t 
circuit. I n  t h ~ s e  pusitions thr  flashing- 
r:lte control (rpm dial) adjusts the bias 
on the input grid rind hence the sensi- 
tivity of t h ~  circuit. 

Tt Ex possil~le to trigger the Strohot:tr 
from elcctricsl input signals as ivell as 
Eron~ :t rn~chnrlirnl contactor. An inp~i t  
signal of at  1r:lst six vnlts, p ~ n k  to peak, . 

is nrrcssnry. ' l l ' h~n  t h ~  input elrctsical '- 

signal is near thp minimum rrquircd 
amplil,urlc, satisfavlory triggering is 01,- 
tsined by cnreful adjttstm~nt of thc bias 



(rpnl dial). If thc inpiit signal ampli tud~ mate the Strohotron, the light flash 

I 
is Iwge, satisfnctnry t r igg~r ing  will rrsult orbcburs on the op~t l i r lg  OF the mechanical 

! 
over x wide range of rprn dial settings, (+ontact, rather than on the closing. RP- 
With largp-amplitude signnIs, a change rausc t h ~  timp hrtn-PP~ opening and 

1' of dial sctt i~rg will vnry t h ~  pnint on t h p  rlosing of the rn~vhani~*nl switch is usu- 
pnnitii-e-going edge nf the signal that  
causes the Strobntron tube to firr. \Irith 
a sine-wave input signal it is possible tn 
vary the firing point over a rang? of ap- 
prosimntrly 120 degrees. This phase ad- 
justment is not possible, obviously, with 
stcrp-~~-,\-svr:-fron t signals. 

.Ut3nu~h the upper limit of the in- 
tert~nl oscillator is 25,000 rpm, or np- 
prtrsimatrly 420 eps, cstcrnnl triggering 
is i~sually possible fit fscqtlcncies aa high 
as 45,IMn rIJm (750 cps). The upper f r ~ -  
quPncy limit, rl~prnrls on t h ~  ~ I ~ ~ r a ~ t e r i s -  
tics af the individual Strubotron t , l~bs 
and  ill appenr. either ns erratic opera- 
tion of thr* tuhc  or the formation of n 
low--intensity, cot~tinuous arc, called 
h ' l ~ o l d - ~ v ~ ~ . "  

~ 1 1 4 -  sufficient for t b ~  Strobotron circiiit 
to rrrover, care should be taken to elimi- 
nate contact bm~nre, rvl~ich will produce 
utl~vanted ~ s t r a  flashes. 

Cali bration 

Calitlratian is arcnmplished with a 
ncon bulb rat her than the vibrating reed 
ltsed in the previous model. One element 
of the nmn hulk is ~xciter? ft-om the 
pcljver-linr. vnlt aqr and t h ~  0t1-m ~ l c r n ~ n t  
from the voItagc across the Strohotrnn. 
As t,l.~c flashing rate of the Strohotron 
npproachcq either the fundnmenf a1 nr n 
harmonic- of t k r  powrr-line fr~qtiency, 
thr ncon light int~nsit?+ will vnry a t  a 
rate rqzznI to t hc J ~ ~ ~ . c ' ~ P I I c v  f r ~ q l ~ t n c y .  - c I, , - - f--' 

+- . - Two front-panel sdjustmrants arr amil- 
--- Fur triggering by s rnechanira! con- 

nhlr f o r  c3liF rrating tl!e spm clinl at 3ti00 
tnctor, part of a rlc r .oltag~ divider is 

rprn and 900 rpm*. CnPibmtions cnn also 
Flgum 6. Vlsw of the panal, .hewlug seole, mqsk, 

~horterl hy t h ~ !  contartor to ge~~e rn t r  t h ~  
bc mndp at other din1 set t i r i ~ s ~  hpt~l-ppn 

did. mnd alkmr tonvsniently mrrangad r-ntrolr. sign31 into the Schrnitt circuit. since a 
allout fin0 anrl 7200 rpm, wllirh arr int- 

~jositive-goinp signal is necessnry tn pro- 
~ r d  nr fractinrinl multiples of t h e  prrrwr- duce the  ~ n s r ~ c t  polarity t r i ~ ~ e r  to op- 

I Ein~ frrrlt~cncy. 'I'IIIP~ t h ~  brst passihle 
FLASHING 

+ RATE C O H T R C ~  ~ r c m a c y  of spe~d  r n ~ a s ~ ~ r ~ r n e n  t t~ de- 

F ~ ~ U W  7. Elemsnlary aths- sired- z mlibrrition pnint car1 o f t ~ n  he 
matic of fha rircuig used in the fcrlinrI n ~ n r  the speed spt t i n g  used. Cali- 

Typs 1533-A Shobolac. 

w e  
bration i s  made d i f i c~ l l t  l ~ l o z ~  fino rprn 

I O ,  by flicker and above TPOO hy the low 
:s 
p2 arnplitud~ of thr light-intensity vxria- 
a9 

t ion. 
- 

*30W nnd 750 rpm when The poaer-l~nv frcquenry is  50 
O S C I L L A T O R  \TnwTRON * R ~ ~ G E R /  \ S T ~ ~ ~ T W )  cyr l r  r ,  ?.I.OM) nnti Tm0 rpn a tren I L  I. 4n0 rx rt4-s 

Flathing-Rmte Rmngs: 110 tn 2 5 , W  flashes pPr minute in t h r ~ e  
rl~rert-reading rangrs: 110 to 690, B70 t o  4 170, :ind 1000 to  25,000. 
Ppeerls np to 2511.000 rprn rnn he rneasuretl 
Accuracy: & E yc nf t l i d  read in^ aftpr rnlihration an middle range. 
Cmlibrmlion: T t v o  panfl ~d~ustrnents permtt, callbratinn aguinst 
poiv~r-l~rle ir~quenry.  
Flash Duratian: Approximat~ly 0.8, 1.2, and 3 ps for high-, me- 
d ~ r ~ r n - ,  ontl lon.-~pc.ed ranKw, r ~ g p r c t i v ~ ~ y ,  ~ I P ~ S U T P ~  at '$ p a k  
intrnsity. 
Peak Lig k t  Intsnsity: Typiczl on h i ~ i l - ,  n~ rd l~ r tn - ,  and Iott.-sp~rd 
rungw, r~spe r t~ve ly ,  O.6,3.5, nnd 1 I rnrfliuri I>13nm cantdl~s (6 X lo5, 
3.5 X I@", and II X 10"lux at 1 m r t ~ r  r1i.stnnce at the renter of 
thp t~pnrn); lor s ~ r ~ ~ l r c  Ansl l .  18 mi l l~nr~  I ~ e n ~ n  cand l~s  i 18 X 1 0 " ~ ~  
at 1 meter dratsnrao nt t'tw renter or t h e  heam). 
Reflector Beam Angle: 10- a t  ha l f - l n t en~~ ty  po~nls. 
Output Trigger tiR0- to F;OO-V npgnlivv PIIIRP nvajlnbl~ at. panel 
jnrk. 
Externet triggeriryr: Thr  Rash csn hr trr~gered h y  the openlriE of 3 

merh:inic:i~I ~-ont,rrtr)r or t ~ y  3 ti-Y. peak-t o - p ~ n k ,  s~gnel (2-V, rm3, 
s~ne-~r  EIVP S I ~ T Z S I  r l~ l \vn tn 5 r / % j .  
Power Required: 108 to 125 or 210 to  2.in V, 50 t o  400 C/S. 
h l ~ a i r n ~ ~ r n  17011 C- input ir 3,: It'. 

Accesrories fupplled: Adj11stsI)le neck strap, plug to fi2 input and 
output jacks, spare fuses. 

Accesrorles Awallmble: TY PH 1531-P2 Flaph Delay and TYPE 
1536-A Photo~ltb~t rip Picknff , ' l ' r p ~  1539-A Stroboslsve wi th  
TYPE 1.53 !-P1 T r ~ g g ~ r  Cal~le, and TYPE 1532-D Strobolumr 
a 1 t h  TYPE lj3Z-P3 T r i ~ ~ p r  Cnhk. 

Mechanical Data: Flip-Tilt. Cme , 

.I Includm handle. 

This instrument is listed t)v the  C8.4 Testing I.nhuralories as 
approved. 

t'. S .  P a t ~ n t  Xurnber 2.466.157 
Licensed under deeirna, putents, and pmtent applicmtiong o l  Ed~rrton, 
Germeshausen & Gricr, lea. 



THE STROBOfAC AT WORK 

Figure 8. The, Strobotoc produce5 enough light fo 
"stop" the motion of Ihe fen through the eight feysrs 
of glosr in tho door of this aItFtude chamber. Some 
rennction is produced by the gloas layers, but ils d s c t  
Is minlrnizsd by aiming the Slrobotuc flash inlo Ihs 
chamber at an angle rather than hemd on. The new ' 

 instrument*^ increesad spasd range now makes it Figure 9. The b r ~ q h i  StroboPoc beam penetrates both 
pmssible fo measure dirnctly fha speeds of fans op- an oil both and  Ihe tube envolope to illuminmle 0 

eroting at dQ0 cycles (24,000 rprn), which ure cwm- rolering-onode X-ray lube at Muchlett Loboratorimr. 
rnenly used in aircraft. 

T ~ P  original Stro1:ntnr of 25 ?pars ago ~ p r i r j ~ ~  t * t j i i p l i ~ ~ ~  ~ . i l i  ('11:~rk~r. :I.< t h ~ ,  drivcv~ X I I I I ~ ~  
chnrjqrcl thg- st rnl~lwrop. from :I l:xl>rrl:~torq. tl is lot~dr~rl. {Tit 11 t h~ :~<Iri~f io~t  or ;L r-:~lil,>r:~t,v<l 
t v  R re,I~:~hI!~, inc~xper~sicr, i ~ i d l l ~ t  ri:~1 inst r u n ~ r ~ >  t .  sr-;~!rb, l,h[s ~ ~ s t t m  ~) (Y*II ITIVS  :i t a~rnut~  nrwi,qnr. 

A t . < ~ l ~ t  ir R w m r r h ,  Inr., nf Cilrnlwid~r,  
Mn-:\r.h~~crZt=, h : ~  t1u.d thtb nrLrr. Strolintnr to  
a d v : ~ r ~ t n ~ ~ ~  In thl, htudy nf :r 1rr.w hrrritaphrrird 
r:tdi:itor lor t l l c~~ r  ,211-3 I~)rltl.;pr:tkrbr 5gut r-n~. 
I n  thr+ trv.hniqtrr, fir,raly shrrbrlrll,l-l r:rynn Ilrlrk le t_  
:q~plir-cl (11) :i r:krI~:~! 1111:. rrf ~ l 1 1 t >  ! L I ~ I T I E  1 hr. r:~t11:1- 
tor surl:~c.~a. Th~h Strc~lwt:kr IS fl:~hhr.tl st a r:itr 
tliffr.rlrlg s l i ~ h f l y  frnm :In ititrbgr.ti >ldrrnultiplc 
ilf t hv frt~r1u1.rjr.y o l  t h o  drivrbr, m h~-rrvllwri ~ ~ n r l : ~ l  
poitit+ wlti 111~ {liyrt~r~ of v11)r:lI 11!11 of t hv <II:I- 
phrngrn mn Iir r l i , t (~rrni~lr~~l t~y r.x.mmll~:~t~nn c ~ f  
Ihr, m r r l v f ~ ~ ~ ~ v t ~ t  nf t l l r ~  frw rrldr: I I ~  thc, fltrtk urldrr 
:r n~:~j i r l~fy~raa  gl:~+.; :-;i.c, phnt njir:rph ht.lo~r ). 
It:irli:ltnr llrc.,rk-rlp an11 nthvr ~ r r ~ , p l n r i t t r r  :ITP 
rc-ldily r r v~~ : l l i~d  lr! t 1115 rllnnrlrr. 

W I ~  II t hr, :url of this t,t~c.hrr~q~~r,, urtifnrm dis- 
pr3lt1n 2nd 3 Infrrr ttnifc%rn~ rrrhr~trr-r~~y rrqpoilqr. 
h:lvr brim :~c.hlc>vr,tl fo -  :t 1ir.w n~l ( l - r : i t l~r ,  Ilrmi- 
~~>h t . i -~~ , : d  r:irl~:itclr. \Vli(.i-1\1~5 d~rr*{-t m1~:r<11rrnirnts 
\rt.rtb y 1 ~ 1 1 ) l l .  : ~ t  mlli:~trlr t.xrit:~t iarl frr,rti~-nrirq 
to  1 kc, \vith t f1r1 olilr%r Strnt)ntfir-, tvc~i-k r4:kt~ tlow 
I r r b  prrfnrn~rrl  to  5 kr. 1 ~ 1 t h  tlrr- ilrw m1)OcI. T h r  
flelr-kirtg i l b r l i ~ ~ i q u ~ ~  r ~ l ~ ~ r ~ d ' i  t l k  to 20 kt.. 

At1 rlrtusrl:il :~ppli,,:~fintt 1~:i.h~ disrr)vt.rr~l in the  
tlrvrlo~rrnr~nl ot :i rrl.1:. 1 - rxy  ttullr~ of tho rll- 
t : ~ t i ~ ~ p : k l u d r  lypcl : ~ t  M:irhl(~t't I,:~hrtr:kinr~r.r. 
Trl th1.i nrw tllhrb thr :lrrr>dr> rot,ntrs : ~ t  M)OO- 
10,OIIn rpnr, nhirnh f>:.u.rfa.; Ihp t : ~ r g r t  :trra:i to 
r h : t r ~ ~ r  rnr~tiilncrrwly. T'til..: I~rhn~clur ,  prbrn~it~s 
f i r w  ftbiw,qirlirl~: nf thr. S - r ~ l y s  rv~t hnrlt, xnndr. hurr~- 
rrrrf fronl I ' x ~ ~ P ~ I Y ~ ~  ~ I I S P ~ O ~ I .  \\'ht~(b of h1.r stroh- 
OSVOTRPS r1tI)tbr rlo nnt II:IVP x rwwt 17 ion r:xiw(l 

M 11kch ~ : I G  l~(v*rnn(> :in imp4 rrt.itlt f : ~ a > t ~ r  111 t ha, t h : ~ c i ~  h~g l l  rnrrugh for ttli.; u oi-k ;,r :I 11ght ~::h 
dc+, e~ l r~ rn t  tnn, nnd n > : ~ ~ ? l t r ~ l : ~ i i r ~ c ~  nF ni~vlanti- 111:11 is l l r r ~ h l  r i r r ~ u ~ h  tn prnvtmtr  tllr. dirul)lr 
ir:~] :111d r.ll-i~t rcun~ch:i~,ir.:tl c.quipn>t>r~t. I ' h r  IIPII AipMoving ~vlrrtlinv 17) t b~ t ~ t ~ k ,  thr, nil Ir.lth u.crrl fnr rrrnl- 
TYPI; 1 S31-,t Strnhrrt ,tr,, \ r . ~ t  ti ~ t -  qrah:ltly ink- thf' - t r ~ ~ ~ l f r ~ m p i ~  st u t h  nf thf. n1lrbr:)tion of  in^, : ~ n d  t h r  tolw rnvc-lopv, I ht. TYPE 1531-.4 
y~rnvrtl Ilqht ~ ~ i ~ r m s j  t v t~rid fl:~cIl ~Eur:it ion of A 1 1  1 1 ,  1 1 1  1 , I St rnhotnc hw fnur111 O I ~ I ~ P  ~ u i t n l ~ l r  (arr 
frrv mirrc>sr.ryl~~~l,q~ pr.i.ivirlr.s iticlustry ~ r i t h  :I ton] 1 u 0 1 1  h s 1 1  I r 17ia~rp 9). 
of in,:vb:i.r,d rffwt ivrhrwss Fnr thlb st~rclu I,[  jot, F l ~ r o u ~ h  this usr rat r.hl'mir.:tl "htntlktbs-' int rrr- 
only rul~ivr~titir,~rr~l n~:~r,hiru=\ hut nlhn of tocf:iy7s 
hiaIl->pe>rrl nnd nlinlnt t~rl;lr.rl !nr,c,h:ir~~~n>s. St iirl- 
ic,\ r.:w hr rnndrir t~rl  now in ~ ~ r ~ r n t a l  rrrcrnl l i ~ h t -  
irtg, and thin ~ n ~ n t l y  in1prr)vrd clnl lty prihrlzir.rd 
by thr< "~hfirri" f f r ~ % h  mukrq pnwhIr  t h r  ~ t u d y  
of firw d~t: t i l - ;  th:jt hithrrtr) i,rruld not llr slwl. 
\?'IIP~Q t h ~  p w t  to  !IF st~~cli(d is i~~:k~-av*+~l>l!>, tlx* 
~ t i - o n ~  Fwcim of Strnbut:ic< ltaht cnri u+tl;~lly I)P 
m:dr to r r ~ r h  ~ t .  This Fr:ltllrr., rrrupllmd 1~1th  t h r  
vcrcatilkty providrd by t h r  1Nvotu1g I:ttnp, prr- 
rnltc t hr~ ~ n - t r u m ~ r ~ t  r n  hr.  lorntcrl r , o n c f r ~ ~ m t l y  
nnrl oprratt.d 'tly nrw man, ~vhi l r  t h ~  s:trnt man 
nhcrrvcs t h r  r ~ , ~ u l t ' ;  j+ithorit t h r  nld t rF :m a<- 
s~.;t:trlt. Enti ,ns~vr firIrl tr,st ing, csrrirbd out nvrns 
t hc past v~:lr, h:~s -;~lrl~v:-d t R r ,  i .wnplf~te :!crept- 
:hilit? oi  tlir r1t.w d r s ~ ~ n  :~rld h:ls 11rn11~ht to 
l i ~ h t  mnny i n t ~ r r ~ ~ t i n g  rwnr nppiirnttorls, :L few 

I of nllirh :irr. r l i sc -us~~~d fit-lt~. 
Thr rlrlc Str~rl~otur-  opr~rutrs  s:~tiifr~rt.nrily 

frori~ 10fl r y l c  p ~ r r  l~rlpc :IS 1vd1 n ?  fmnl 50-fill 
ryr l r  11r~*s ,  u hrvh i.; :I ~ r r : r t  carrvenier~re iri air- 
r r t~f t  :~ppllc,nt ~ n ~ l a .  

lf<fl to  :I ro~~sicl~~r:~l) l(-  imprt~v~nir*rat ilk [:!TI h ~ s i ~ n ,  
At R<,trtv11 RInnr i f :~r . tu i r~~~ C'r~nlp~trtv, t h r  

fit~(iF>i r t~a-  S ~ P Y I Y  :I5 tho p1.rnr.ip:11 t t ~ ~ t  ;r\strrl- 
rnsw t f r ~ r  sl)r.r.ll mrT:lsrr rrmtbrlts 2nd t htb tir~nIyhin 
nf ntriir.t u r  t l  I\-~.:~~TI(.K.II~.- rjf : ~ i r - m o v ~ t ~ ~  d r ~ l r p s  
nf dl typvq. 113:ld~ I.PSOI~:ITI(YY of ~ I r v r l i ~ p n ~ ~ ~ ~ l t - ~ ]  
units :rrtL rEr.tt~c.tt~d ~i~u:iI l ,v whllt, thv units : inh 

suhjr-rfrd trr vi1>l.:itimtl n i ~  sh:!kr t ~ l l ! ~ a .  ytb~t~: in 
:~ l t  i t  rl<lrb I L I I ~  pr(Lh\!ir(' ~-h:linIlf'm RTP rn:itlr~ 
t l e t ~ ~ r n l i ~ ~ r  pvrfrbrtnrrnrr* nf f:kimr thnt  :trtL trr op- 
r.r:iti- :tf Rich :kltit~~dl,s nr : I ~ P  t o  p r~ rh  3cb:lvicar- 
than-:~ir ~ : i ~ c ? .  Othr r  1:iI)or:itory work ~ i ~ r l ~ ~ r l r ~ s  
dyl~:~rnr~ntrhtc'r Inr>:t.;urpmrrlts 2nd :lir-clt,livrry 
t w t n  in nhirbh it ia lmpr>rthrr~t trj rnr~~nstirr~ s~~rrr l  
~~r !wr : ~ t r . l j  1111drr ~ ~ r t ~ ~ w r ( ~ .  

< 

1'sr.a iti t h r~  :tuton~cr*ivr and Inrgr-mnchinrry 
inr1rlrctrit.s itir.ludr* s tud i~~s  of xpr i r !~  surgr, v:~ lve  
olwr:~t LOTI, dc t r . rm~~r :~ t  1c~n r > l  I r~ffrbr-t of fly- ! 
whtbrl mass nn .uprbr.rE vnrintion, .;turlws ~rf pistnil- 
r i t h ~  ntetirrn, a11d vil,r:~tiorl s t u t i i~ s  t o  r!rlrrrn~ne 
whr-rc shorbk nlt~rltrt.; fihould I,r. :ipplird. For the  
study of st~ripror:~trr~fi  ylnrts In nn ~!l tr~n~:~l-rntn- 
huht irm cbrlgwe, t h r  St ~r>l>ot:~i< is usu:rIiy t r i p  
gcrr'd tly 11 t'r~rltnc.tor 0.1 t h r  r.r:u\k+hlift. For the 
study of t hr :~r t  ~ n n  of pi.;tnns n11rl ~ h h r r  rll- 
r.Iosr.tl p:irt';, n windiw is c%ftr.n r u t  irl  ttlr sidr: of 
an  ~~ . i p r~ r~mr r l t n l  ~ t i g~n r* .  

T ~ P  drvr inpmcn~ nlul pmrl~rrt  inn t ~ s t i n g  nf 
f~ir.l--f~mv 11tw~l1w for dir-srl.: is ~rcb:~tlv f:lrili- 
t:~trcl t ~ y  thr, r u . 1 ~  Rtrohnt:ir.. 'rhv liriaht, shnrt- 
dur:~tirl;l tl:~sh mnkl's ~ror<iP)lr rlrtnilrhcl stlid? nf 
t h v  ac'tiort of r:tpldlg m o v i n ~  part-  nnrl the 

Elschonie and Elaetrornerhanieal Equlprnsnt format 1011 of fur~l-~~ljr . r t ior~ spr:ty pnZt,rnrrls. T ~ P  
Wit11 Ihr 8irol)rrioc- on(* air1 study t x p ~  Strrll)rrt:u. "frl.rxp.;" thr n~rrtitrn or t h  h i ~ h  

rr~r>rt lrr  rnrt~hnru.lrns, r r l n p ,  svrvns, ilr~rl t m ~ ~ s -  \rrlor'ztv ~lrnplrdr ITI t h r  nlrml~schd spmp, I>r3r- 
t1~1r.a.r~ trf :111 t y p ~ s .  Sptb:~ker vl>iri~cu)il rlr:~r:tr~cr. mittli~; I hi* a t ~ l d y  of b n t l ~  ~ l ropl r t  sim- and 
sl>itlvr ffr*s~rta, :lrlr.l come prrferrmnnr-r :rrv nll r1trlEr.. FILWP+ I ?  shnrrs cpr:ly p:tltrrri.s u i ~ d e r  
s~r-t-cytit)ltb trr ~t rnl)rw~-opiv ~ 1 1 ~ ~ v n t  ion. xt utiy at t llr .M. I.T. A r ~ t  rlrnnt lvrS I,:rl~or:~trlrrr*r. 

4r 

-4 
P At Acoustic Research, Inr., 

,--- .?- - -ff, m f  Combridga, Musrachu- 
h ' SQHS. rhlr Sfrobotat tesrs 

new light on the perform- ; once of loudspeaker mdi- 

f 
ntors. 



ht>lrln. 'fhr olrj~wt r ~ f  rjtrr. sul-h rxl)~brin~t<ilt rini- 
diii*+vd u ~ j d c ~  stip~rvi<iat~k o f  Dr. .J. I-. l,c+t,vir~ 
f r f  >l . I .T.  w:~qt~h [li-t,a,rfnir~d* ~5-h1.f habr or IIOI t h 1 ~ 1  
5v:ks ~ ~ S I ~ I I \  ( I t r i i i ~  q,yt1 niovtLrnprbt,, Tht, stibjr!i-t1~ 
vytb 77-;1< i h t ) ~ ~ i j r - v t  W I  ~ I ~ I I T  i*ira>~d:tr ~ i lxv r  VIIV- 
t,rlrtla.s f a 1  :Ira r~ur.illrrs~-alp~,, whr~w :~ri>plifi~d nut- 
put t r i ~ g ~ r t v j  ;I St rt111ot:iv r~:!vli~ 1 itnv :III ~ y v  
nlr>vl.irlr.ibt r~c.c.rlrr~,t,l. T~IIL.;, wit 11 t ha. sl~tajr-t-t i r r  IL 
&irk rdlrbin, bh(*r~+ W : L ~  i.l~lrrtilt:~ti(~rt t>nly t l u r i i ~ ~  
~)~hriotl; r>l  r.yv 1ncivcbn~r~nt.. 

T l ~ r  n * l i i t ~ ~ l i d ~ i .  fr.:tti~rth of i tir I I ~ , \ V  St rr1t)nt:~r 
n~:skr<s i t  :ul r x t  rrnwly c4Trrtivt. rlitl ftlr r - q , l n r i ~ i ~  
n t h i ~  : ~ r m ~  rrf v i k n  s w h  nq rrrlrbr jw~rr.,.j~tinn. 

r .  I hl. iristriimvrit. is : ~ l u ~  srlti:~t)lr. For urr. with 
t~:~t~kii,<tos(*frylt*$ in psyvlmh~~i~-:~l  ~vni-k, I TI c:oti- 
jun~,t ioi~ n ~ t h  : u ~  rxt,t.rn:\l g : ~ t r ~ l  clsr-ill:~tnr, t h r  
St ro l~r t  :lrh ran l ~ r o u i d ~  burst; m l  l i ~ t i t  puIwn.,s u p  
to :lily 1 ) t i ~ t  e4t1clt i o ~ i  [ ( ~ r h i ~  co~bt i r ~ t i ~ b ~ ~ q l ,  \!-it h 
1)ulsv r:ttln tlrrrir~r: thr  I~rlrst, r v ~ ~ l l  x1)nvl~ ffi4.kc.r- 
fusion Frr.rl~~a~i~ry. 

Ot h1.r r l r rd i r . :~ l  II+.-S inrlurlr photir xtimulntion 
du r i r r~  r:l<vt rtt~.~~rl~ph:~Lr>~r:~pil ic  rrrnrtlirr~ of 
l ~ r ; i i ~ i  W ~ V P A  and Ll~r I I I ~ ~ I ~ P ~ T I ~  t ~ f  vpiI(,pfl it-liko 
3.i mrrs.  

St~11rn111pi~t.s h:wc uurd stmbosropic. equip 
mc-rlt for :t numllrr of y w r r  it1 thr* stl l r ly of 
s , i z~~rc~n  nrtd tcrnrnmrv lrl:~r.kntrts r:~ilard I I ~  :s 

Figure 10. Dr. H. E .  Edgerton Figure 11. Watching fual-infsc- Flgure 12. AtGsnetul Elactrie'r SrnolR 
wakhsr the odien of r=lun tian spray5 wilh the Str~botat.  Aircraft Engine Pepmrtment, engi- 
springs in an internal-cornbus8ion Fur a cloc+up of the rpruy. sea neers use #he 3lrobo8uc ta exomins 
engine mt the M.I.T. Automotiwo Figure 14. Ths high-velocity the vibratoy modes in oircwft gas 

Labomtnry. droplsfr In tho utom*zad spray furbin. blader. The shqrhluration 
can be studied Cn detail. whits light gives excsllent rarolution. 

Mode shapos are clearly dennod a t  
vawious axcilatien frsquancies p r p  
ducsd by an  electrornaqnalric drirar. 

Vlbra!lmn Studlea 
Vihratnry motion and  it^ effects can be 

rcadlly fiturjied with the nid of the very short 
light pulse from the Strobotnc. Displnrrmrnts 
in vibrating parts can b~ rn~murrd acruratcly 
with thr  aid oi a microsrnpc nnd cross hnirs. 
This trchniquc hns b ~ e n  used by nutomotive 
and ai r r ra i t -pwrr  enginerrs In mrawring 
rrr~nkshnf t whip, v~brntiona, and turbine b l d ~  
diaplacrrn~nt. 

hnnthrr important w e  is thc detection of 
rewlnr~n~lcra in d r v i c ~ ~  s u b j ~ r t c d  tn  the rvclic 
forrrs produrrd by shnkr td>lrs. R~lnys, f ~ l a ,  
motors, nnd elertronic equipment and crystcrns 
- 1 : ~ r g ~  and small - nrr s~tl+jrrtrd to the 
"dithrring" artion of 3h&c tn1)lr.c wrhilr: stmhc- 
; scopic light 1s usrd to detcct  dnmaginpl, s~1I- 

crratcd, vibrntary condi:ions. 

airj~lr.-fl:~.-h or rnultilll(~-fl:lxh trt+irliqrr~s*. Thi- 
dit..;c.l-+pr:~y p:i t t rrtl of I.'~~ort' I 4 t w ~ 4  photn- 
pctl~hc.d with t h r  r:tnrcbr:r fhuttrbr spr~rvl wf to :t 
valrlc. (.(~II:II t r ~  thr. prrir~d trl3twwn tlxqhl~, 9, 

that oihy cmr A:wh ortwrrrd zlurirtn 1 hr  c.ullo+urr 
tirnr. I'lw :lE~il~ly to t r~~grvr  t h ~  St rollnt:~~, f n ~ m  
nrl rxtrm:!l rhlrrtrirzl ..iqnnl grr:~tly ~irn1,Tific.s 
t h r  t r r h ~ t r q r ~ w  rpquirrrl I r r  ~ync .hninia~ tllc ff :~qh 
nf thr  Strobotfir, for ;;i~~glr~-fl!~<h phrrtogr:tphy. , , I hr outplit nf n photi~r.l.ll rrr n i i r r ~ ~ p h o ~ ~ ~ ' ,  MI>- 

pl~frd .f rlrrrbssary, car1 hc uwd. 

sr-nsitivity . . to  rli34hn;i-:t[ly i l lf~rruptxd light. 
I his r;lrnrb t ypp  01 flir-krr, c.:~ucr.rl :I ri,volv~r~g 
11rty)vJlrar ir~trrrruptir~g thr surr'.: r:iy nt, s crlt lrnl 
r:~tc', tr:~s Irmg bvrv) 41z~pr(4i'~i t h t  CIL\ISC of 
myste>rlc+us ~ r ~ l n t  l~lnrknuts. 

Othsr Usat 
Among other xpplirdiorw xrc the dynamic 

b a l ~ o c i n ~  of mtom, study nf slip hrtrrrc~r~ friu- 
t,ior~-drirc,n mr,nil,r,rs, d(at,r~r~nir~nt ion c>f the 
snrpd :ti, whit+ irtws nT rr.ntrifr~inl rlutrE~csl)t- 

Msdlcal ApplEcuticms )c,vtors, l ~ n d  thta r,slihr:ition of wntt-hnur rnrtr9rs. 
+. 1 he nrrv Strnlrotnr hnc: many applic.,ttinnn in A comphnte list of ttc p ~ t e n t  1x1 rlslhs of thr  

thv nlpdir:rl, p+yvholr~~rr-nl, ~ i ~ d  p h y ~ i o l ~ ~ ~ r : i l  nen- TYPE 1531-?\ Slmhotnc rrouId txke rnxrly 
pnaes. This ir l~trumrnt i s  useful r v l ~ r r ~ v ~ r  thew 
are rnarh~r~cs  mil InthvlnF rn~.r.l~nnisrrlrr, nnd t,his 

* 1 lnhlr 01 mid? numhms lor vnrioua film typ~3  19 nvnil- illdudes just tibout illdustrInl p l s l I t .  ~ h l e  u1Jr.n xeqtre-r. 

Alnting 

In t hr: printing indurtry, thr Sbml~otat: cnn 
br wed  for nI1 rypcs uf color re~is t r r i t~on.  A 
m n n u f ~ r t u r r t  ot gift-wmp pnprr h w  iin-rex<r.d 
the prnrluftion sprhrd nf a four-mlor mtogsvure  
prms In 450-500 ft./min - trr-icr, th:tt prarticsl 
without, thp aid of stroboscop~r I i~I l t .  9nr  c~p- 
rrator and h~r;  msi.;t~nt are able tn  run this 
rotop;ravurr prrw ~ r ~ h i l r  thry prr ind~cdly  16hrrk 
r~gistmbion with Xhr &Ed of t h ~  Stmbotrrr-. 
Strohnnrnpir thhsrrv~t inim r~nt nr~ly  show whlrh 
of ttlr four coiors is nff rr~istrr, hut alw i r~ tEr -  

cntr thr drgrrr  of rorwrtlnn requirrll n t  the 
appsopr ia t~  rtrlor ~ltand. T h p  rt..;ult - more 
efficir-rlt utilization nf produ~t ion f:1<*1Iitir~. 

Figure 13. A model helicopter 
rotor in a wind tunnel Is warched 
with ihe Sr~botoc .  Blads lag mnd 
Aapplng om cleurCy observed in 
%low motion, iust IS lhey eccut 
under various Right conditions. 
In addition to providing a goad 
visual mprerentmtion or the con- 
ditions encountered in Right, such 
studies serve or o visuml check on 
vibration datu provided by r tmiw 
gugss mounted on rhe rotor heed. 

Flgure 14. Shobotat single-flash 
photo ot ths fuel-injscticrn spray Figure 15. ?be Strobotac mnd 08- 

of Figum 11. The bright, easily socialsd equipment for sys- 
higgered Aarh makes it eusy to movemenf rrudies by Dr. 1. Y. 
nuke permanmt records of e b  Lsttvfn. Note the electredes toped 

servod phenornsno. to Ihe subjacl's face. 

In th r  nprrs t~nn of pears, mms ,  drillf;, saws, 
and cutl ir~n tools, t h r  Strobntar will show mls- 
adjust~nrrlts, rni.inl~pn~mcnt, rvfar, SoIIrws of 
nolsr. and  v~br:~tirrr~, P ~ I - . ,  so that thcy cnrl hc 
rorrrctrti hrl~rrb Failurr~ nf the1 rnnchlnc.~ orhcurs. 
Govrrrlnr nrt ior~,  brlt dip, lul~rrcntion, c4r:~r- 
nncrs, nnd thc actinr~ of $prings can hc chrckrd 
and mr,esus~d. 

Pholography 

It Ir pnwihlr to usr thc nrw Bt,ro!,otnc lor 
phntnprqrhlrr~: o h j r ~ , t ~  in mation, by ~1tht.r  
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