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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 
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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  



that t,he use of harmonics can extend 
the effective range nf the slower-speed 
TYPE 1531--4 into t . h ~  hundred-t.hou- 
$and-rpm area, but,  as the device speed 

electr~nic stroboscope get,s higher, thp rrlbhnrmonies come , 

closer together on t h ~  f1ashin~-mte dial. 
Then it 11wrrrnr~ morc ciificult t o  

A Leesonu fal se-twi s t  spindle, 
used to put stretch i n  text i le  i d~n l i fy  t h ~ r n ,  esprcially if the device 
ymn, was rotating a t  250.000 speed wnndrrs, R r ~ t ,  with the new 
rprn whan it was photogtophedm S ~ n a ~ o r ~ l c , .  rrrrn n million-rpm meas- 
Yet no extraordinary phetogrophic 
equipment wos required to make u r ~ r n e n  t presents no problem. 

This  Strobotac@ electronic stro- 
boscope extends; the speed range 
for stroboscopic viewing and speed 
measurement to over l,O00,000 

I rprn. In addition, the versatility of 
the stroboscope is enhanced by 
three opfiona! accessories: a re- 
chargeable battery for operation 
independent of ac power lines, a 
plug-in High-Intensity-Flosh Capaci- 
tor for extra-bright floshes for 
photographic applications, and an 
extension lamp for access to hard- 
to-reach areas. 

Thc electronio stroboscope has al- 
ways been a spectacular instrument, 
it! optical wizardry as fascinating as 
it is useful. The nems t  member of GR's 
STROB~TAC'  fad^ of stroboscopes f01- 
lows the tradition. Its ability to flash 
150,000 times a minute means that it 
can be used for speed measurement and 
stsohoscopic obscrvat.ion of the fastest 
existing motors and machines, even 
those in the million-rpm dnss. Xccom- 
pnnying this flashing rate arc two other 
important features: battery as we11 as 
nc operation and an accessory plug-in 
High-Intensity-Flaah Capacitor that 
hoost,s the light output tenfold lor 
photogrnphic npplications. The hattrry- 
power optinn is sure to bring chews 
from thousands of veteran strobe 11s~1-s 
whose operating radii have bpen the 
lengths of their extension cords. 

The new TYPE 1538-A P ~ o R o T . ~ ~ .  
is an addition to t,he line, not, a replncc- 

the shot; in  fact, what i s  shown 
i s  i w s t  what an observer would 
have seen a t  the t ime  the photo 
was  taken. The trick, o f  course, 

ACCESSORIES 

Thc nic-krl-mtlrnium battery, with an 
i s  stroboscopic Fight, in t h i s  automatic rhnrger, is nrnilnhle as sn 
instonce from our Type 1538-A optional nrcessory. A fully chargrd 
Strabo+ac~, flashing P 25,000 t i m e s  
a minute. 

l~~it trry mill porvpr t hr STROBOT-\~. for 
allout eight hnlli-P of normal operntion. 

ment. The popular T ~ r e  1331-A 
STROBOTAC will remain available for 
those who do not. need the extra capa biF- 
ities of the TYPE 1*538-A. The tnble 
( p a g ~  5 )  summarizes the differenw be- 
tween the two models. 

APPLICATIONS 

The flashing-rate limit af the new 
STROEOTAC (150,000 fpm) by no means 
atates the upper speed limit of the 
instrument's usefuIness. Simple har- 
monic relationships extend this limit 
to well over 8 million rpm. Thus high- 
speed dentists' drills, textile machinpry 
(see cover), and pr~ct~ically anything 
that moves cyclically, no matter how 
fast, are now subject to stroboscopic 
observation and measurement. It's true 

7 ' h ~  hn t trry rechnrg~s overnight frnm a 
poiv~r line. Or it  ran be l ~ f t  on charge 
w h ~ n  not used, so that it will al~vsys be 
r ~ n d y .  The S T H ~ B ~ T . ~  I' P n n  h~ oper9 ted 
clircctly from nn ar ptrwer Fine if it is 
more convmi~nt,. 

Another important new accessory is 
the TYPE 1.538-P2 Extension Lamp, s. 
lampand-reflector assembly, identical 
to that on the STROROTAC', with a six- 
foot cord and plug. T ~ P  plug matts  with . 

a conr~ert~or on t1w front psncl of thc  i 

STROROT.IC. Thus the lamp can he 
oprrntcrl in space? toe smnll for the 
cernpletr instrument or cnrb be moun trtl 
in best rharnhcrs and ecrntrulEed from a 
safe disLznce. 

The light intensitmy of the STROBOTAC 
is mare than adequate for many photo- 
graphic applications. Still, fI~ere arc 
times when, cither because of the 
extremely high s p e d  of thc object 

Type 1538-P3 8, 

Type 1538-Pd 
I .  

The new 5rrobofat and optlonu! accsssories, Next to the Sfrmbmnac, in 
rt, lemthar curs, are buttery mnd charger. Above right ore buttery power 

cable and extension lamp. The 4trobaFac itself s i t s  g n  tho high-Intensity- 
flash capacitor. 



IC ' Ill 
Goodbye. ~ x t c n s i o n  cards' Texti le froublc-shooter 
currier his awn power, new Type 1538-P3 BaHery 
and Charger, in shoulder-slung leather core. 

being photogrnphcd or an unnvoidnhly 7 - - 
high nrnl~ient light I~rrl, a brighter 
flash is nredcd. Thcn t h ~  phntngr:~pher 
can connect the new Type I.i:?Y-1'4 
IIigh-Int~nsity-I7I:Ish Capacitor to thp 
bnse of the S.s~ono~.ir-. \Yit,h this nc- 
c~ssory connected, one cnn producc s 

- L  

single flash of grcnt, hri1Pinnc.r (44  mil- - 
lion hram candles r and short clurnbjnn 
(8 mivrosrronrls). 

Ot,hpr ncr~ssorics uscfr~l ~ v i t  h the 
S T R O B O T . ~ ~  nrr Ci14's photorlrt.trir pic+- 
offs (si.e page 1 2 ) ,  Rssh-drlny :init ,  
surfncc-specrl wheel, ~ n d  t rvo ~trobo- 
sropes that  cnn hc controllrd hy the 
Sr~aivw*.zt: : thc S~nonrrr,l,a~r: 2nd the 
~ ~ R O R C L P L ~ V P :  (srp paEe 9j. Thrsc irist,ru- 
mrnts and arwsmries r o n s t i t ~ ~ t ~  bv far r ' 

The: sixfold incrcnse in flashing rate 
of the new STROROTAC was made pos- 
sible by the development of x ncn- 
strobtron tdubc" and of new circuitse* 
that minimize the time required be- 
tween flashes for dcionixat.ion and re- 

( charging. The following is n description 
of the ST ROBOT.^^ circuit, with empha- 
sis on the advances of the new model. 

The strobotron flash tube comprises 
two main electrode.s, a cathode and 
an anode, separated by % inch in an 
envelope filled with xenon gas at a pws- 
sure of o n e h ~ l f  atmospher~ A S ~ P P ~ R T I Y  
designed capacitor acts as a low-im- 
pedancs source t o  supply S(10 to 1000 
volts arross these ele~t~rodes. The g a ~ ,  
however, remains nonconducting until 
-- 
' 11. 8. Patent No. ZaA7f,5Q8. 
**  Patent applied lor. 

the  remplptr? line of stmbosr:opic The ~ ~ f e n s r o n  lamp pelves logisl ice pr-blem. 
Six-Foot cord attaches thrmugh canneetor an 

equiprr,ent avail3 hle any~vbcrc. front panel of Strabotac. 

THE CIRCUIT OF THE NEW STROBOTAC 
n 5000-volt pulse is applied to triggcr 
wires between t ,hes~  main electrodes. 
This pulse ionizes the gasj causing up 
b 1000 amperes to flow. The peak pnmer 
of zlmost a, million watts generates an 
intense flash of white Ught of 15 million 
beam candles. 

After the tremendous pulse of light, 
the tube requires about 150 micrc- 
seconds to deionize. The voltage rtp- 
plied across the tube must remain under 
50 volts during this deienization t i m ~ ,  or 
continuous conduction, called " hold- 
over," will result. This necesssrj- de- 
ionization period limits the maximum 
flashing rate of the stroboscope. Figure 
E illusfrates the problem. The curves 
labeled R-C and L C  repres~nt  the 
effects of charging the capacitor through 
a resistor and an indiictor, rcspectiveIy. 
The slopes required to k e ~ p  the vo!tage 
below the 80-volt deionization Ievcl 
impose delays in reaching the firing 
level, which in t u r n  tronId restrict the 
maximum flashing r a t ~ s  tn 24,080 and 
54,000 flashps per minutme, respectively, 
for the particrilar tube and vol;ages 
used in the TI-PE 1538-A. 

The nnswpr to  t,l~js problem is to hold 
the voltag~ to zrro for the deionixntion 
period and t h ~ n  t,o raisc it quickly t o  
the firing Icvel. 

The new circuit sho.r+n in Figurc 2 
provides an rtlrnost irIe~1 charging rlrrve 

tion t imc after the st.rohotron has 
flashed, the transistor, acting as a 
switch, is saturated and the transformer 
primary currcnt increases, storing en- 
ergy in Dhc transformer corr. The v o l t  
age induced in the secondary winding 
during this build-up is hlocked hy t.hr 
tliorlc rcctifirr, and no voltng~ appears 
across t,Rp capacitor and atrolmt,ron 
tube. ..it the end of this 150-micro- 
second interval, t h ~  transistor is 
switched off, and the primary current 

Figure 2. The charging rlrcult o l  the new Urebotac. 

gurs to zrm. The cnElapsing rnngnetir 
firlti grnrr:ttcs a revers~polarity volt- 
ngr in thr srcnndary, causirrg t h u  diode 
to  rontlurt and t h r  stored PnrrKy t c ~  hr 
trnnsSrrr(3tl kn the r,npnr.itnr. \ Y h ~ u  the 
rnrrgy in t P ~ r  tmnsforrnrr is %Pro, the 
currcnt ngmirl rrvrracs ant1 thc cliorlc. 
oppns, Iraving 311 t hc storm1 m r q y  in 
thc  mpnrbitclr. Thi.: trnnsfrr vnri hc 
matlc : I <  fns t  3.: nllr= ~v ishrs .  a n d  thc  
f l : i s h i n ~  ~ i t c  r:in thr.rt.frlrr Zlc madr  tn 
:~ppinnrIl t t~ r  thrnrr>l  it,:^] m:r sirmum. l ' h ~  

Figure 1. Vollrrge-vs-flme charocreristies of  (Inbeled "TYPE 1,738" in Figure I ) ,  most impcjrtn nt rrbr~ilt of nll  thi.: ia :in 

various charging circuits. During the 150-micro~econd deinnixa- inrrrnsc~ in f l :~rh i t~g rn t r  tn  :llmcrst t h ~  



throi-rtic~:il rn:isim~im. l'lii.: 1v:i:: t h r a  
maill vl)jrc-t iv r  ~ > f  t tic, rbircolii t clrvt~lop- 
r r ~ v ~ ~ f  t)11t 1 1 ~  f:i!lo!~t \ v w  : ~ l n ~ o q t  
\-:I 1tl;I l ) l ~ .  

The tmm~sf~r of rncrgy from t h p  
powrr supply to t h p  int,t~rrnt:diatc ?tor- 
:lge incluctor 2nd  111cn resonnl~tly to the 
di~charge cnpnritor rnn hc mndc with 
n n t*iKliricnry nppro:~rshing I Onr;,. In thr  
~O~FI-PTI t  inn:^ I K(, rlinrging caircauit, 11n!r-- 
ever, one h:tlf tbr nv:lit:~hlr Pntrgy is 
tlirsipnird in the c-hnrgirig ~ r ~ i ~ t o r  IF- 

gardless of the  ~.allle of the resistnr 
(inrluding zero ohms). Thc use of 
induc t iv~  charging t h~ r r l n r c  saves tltc 
powrs ordi~lnrily dissipa trd in the 
rhnrging r~sistnr and rnnkcs hat tery 
oprm ticm pmctical. I l o r ~ o v ~ r ,  the nsc 
of n t.r.snsformrr 3s thc incl~ctivr ele- 
ment permits 1 1 s ~  nf x low-vnlta~c 
transistor rirruit to ge11crnt~ the I i i ~ h  
voltagc rriI[~ired t)y thp stmhotron f ~ i l ~ .  

A hlock diagrilrn of the STROROT.\C is 
shown Bi I'igurr 3. :I transistnrised RC 

oscillator sets bhr fnshing  m t ~ .  Onw 
~ n r h  fyclc, a trmsistor t r i gg~r  circuit 

Figure 3. Block diagram of  the Type 1538-A 
Strobotae elecfronir stroboscope. 

generntes a 5-kilovolt, 5-micmsecond 
pulse to triggrr the ~ t robot~mn tube. 
I n  the time hetwecn these pulses, the 
main discharge caparitor must he re- 
charged. Thp monostahl~ circuit, trig- 
gered by the oscillator, g e n ~ r a t ~ s  a 200- 
microsecond pulse, which satumbes the 
t.raansisto switch, storing energy in the 
transfnrmer and allowing thr strobotron 
to deionize. At, thp end of the 200- 
microsecond pul s~ ,  enough eIlergy tias 
been stored to cllarge the capacitor 

Hermonic lechniqves exlend the 
urefulners of  the Slrgbotmc over 

I 
Ihe entire audio-frequenty range. 
Engineer here i s  wmtching speukct 
motion Ihraugh m i r r o r c ~ p e  while 
adjusting flash-delay unit to pro- 

vjde phone control. 

TWF: 1535-A (1500 to I )  would mean a 
drastic variation in Iight wtput if 
only one discharge capacitor werP used. 
On the other hfind, a cont.inuous1g ad- 
justable discharge capacitor with s 
1500-tc-1 range is obviously impmcti- 
cal. The compromise solution is to 
switch in n different capacitor for ench 
of the four 6:l speed ranges. The result- 
ing capacitanc~ vnrintion is 216 t o  1, 
and this raises anot'her design prohlem. 

If the discharge capacitor varies in 
value over n 216-to-1 range, then, in the 
resonant chaMng circuit discussed 
earlier, either the inductance must also 
vary by a.factor of P I S  or the current 
must vary by R factor of d216 to supply 
sufficient energy per cycle. Large coils 
and 3Gsbmpere curmnts were both un- 
appealing, so another approach was 
found. 

On the Iower-speed mnges, where thr 
discharge capucitanre is Iliglier., thp 
energy s to r~d  in the transformer is in- 
sufficient to produce the 800-volt firing 
potential. On thew ranges the 300- 
mirrosrcond d ~ l a y  Following t h ~  mono- 
stable rircuit grnerzltes 3 trigger pulse 
200 rnirrnseronds after t h ~  cnd oi  the 
monosta hle p z ~ l s ~  to r~triggrr the mono- 
stnhle circuit. Thus, :I single p n l s ~  from 
t.hp oscillator starts s trsin of 200- 
mirronecond pulses in t.he mcmostabl~ 
circuit and its deEny loop. Enrh of these 
piilses stows enprgy in the incluctur, and 
this crlergy is r ~ p e a h ~ d l y  transf~rrcd 

. * 
resonantly to SO0 rrolts in an additional 
200 rnicros~conds. Thus, a ~ ~ i m u m  Flashins-rale range 

flashing rat? of 3.500 per second is pos- 5 p e e d - m e ~ r @ m e n +  range  
Flmsh dwrntton Ion high to low 

sible, speed ranges) 

The average light output of a stro ba- ~~~~~;~~~~$~~~~'~ mct,er ep+Lmm 
scope varies directly with flashing rate ~ ~ t e n r i o n - l a m p  optimn 

and discharge capacitance. The excep- ~ X ' b p , ~ ~ ~ ~ : ~ ~ e r i  .g 
tionally wide flashing-rate range of the 

to t h ~  capacitor d ~ ~ r i n g  the  time be- 
tween ~ 1 1 1 ~ ~ s .  Each puls~. raises the 
cnpncitor voltnge in s small step as 
shown in Figure 1. This process con- 
t , i nue~  until  the capacitor is charged to 
SOO volts. At each step, n v01t:~g~ pulse 
equal to the capacitor voltng-e divided 
by t,hr transform~r turns ratio appears 
across t h e  Zener diode nn the tmns- 
fnrrner primary. \The11 t,he capacitor 

BOD 

t 
F 
_I 

0 > 

0 

Figure 4. Curve showing step voltage buildup 
on charglng capacitor. 

reaches XOO volts, the Z ~ n e r  d i o d ~  volt- 
age is exceeded and the flip-flop closes 
the gate, breaking thp feedback Ioop and 
ending the pulse train started by the 
oscilln tor. IThile this multiple-cycle 
resonant-charging t~chuiclue used on 
the Iowr  r m p s  requires morr t.irn~ 
than the singln-cycle charge, a corre- 
spondingly longer b i m ~  is availahlc in 
which tn recharge the capacitor. 

- hl. C. ROWJE 

1 f 0-25,600 tpm 
to 250,000 rpm 
0.5, 1.2. 3 pr 

no 
no 
no 

600-10-800-V negative pulse 
Contad opening, b-V, p-to-PI 
signal (2-V, rmr, ~ i n e  wove) 

1 10-150.000 fpm 
to above 1 million rpm 
0.5, 0.8, 1.2, 3 M r  

Ye= 
ye5 
Yes 

4-V positive pulse 
Contact closure, I - V  poritfve 
pulse, 5.35-V, rms, sine wave 



Flsshing-Rote Renae: l l i l  to 150,000 flnshrs p r r  
rnlnutc  in four clircart-re:ldin~ rnnprs: 1111 
to fi1)0, ti70 tn 1170, 1000 ta) z.i,OnO, a ~ l d  ?l,LlOO 

I h 130,flflO rptll. 5pcrtl2: tr* t~vr-r  1 n\ i l l~un  rpnl  
ran hr n ~ r ~ u r t = r l .  
Accuracy: + I r ,  nf rrnding nn :dl rX11Rta9 nftpr 
c:i!i!>r:ttion :~&iltlst lint- f rw l~~+~ni*v ,  
Flash Duratlcn: . ' I ~ ~ p r o x i n ~ : ~ t r * l ~ '  0.5, O.R,  1 .Z! 
~ n t l  .< p~ for lligh-trl-tc~rv ~lrcrrl r:kngPP. r~=~ptv*-  
t irt , lv, n ~ e n s ~ ~ r v r l  :it !$ pmlc in t r r~s i t \ . :  for 
s i n ~ l r .  R s s l ~ r ~ s  m-ttllT,q~r l.i3C-l' I lliglt-1~1trrisit.y- 
rl*k.+!b C - : i p : ~ ~ i l n r ~  < +os, 
Peak Light Intenrlty: 'l')-]>ir.:illy 0.1(;, 1 ,  5 ,  nnrl I5 
1ri~llion I I P ~ L I I ~  r.:b~tdlfbs (3, l f i ,  l 7  3, : i t ~ l  1.5 X 10G 
1 2 1 ~  r~~~n.currrl nt 1 I r i r t r r  dist:inr-r nt t h r  hrnrn 

Introducing the 

S P E C I F I C A T I O N S  
renter) fur I~ich-trq-lam sy)d-~rl rnrlcm, r r s l l w -  
t irrrIy; -14 n ~ i l l ~ t b l ~  t lpum r . : ~ r ~ r l l ( b s  I~rr s1rl~11. tl~~s11, 
rvitll TYI'F. 1 I I I I~KJL-PIII  r ~ i s ~ i ~ - I ~ ' I : i s l ~  
Cx~~:~cifrlr. 
Rellettqr Bemrn Angle: 10' :kt hslf ~ i l t m ~ i t ) '  
~ p ~ i n t a .  
Output Trigger: G r p n t ~ r  t)lflrl (;-v llnsltive ptlkse 
trrflind 1(11h I?. 
External Triggering: Eil hrbr o 9\vitcm\l ietnsurr nrross 
t l t t ,  1 f 1 1 , i i t  ~ , , ( , k  ! - I ~ I I I ~ I I : L ! ~ ,  3 1-Y, pd,:ih, ~:(~sit~vt: 
pillse, rlr :i O.:<.i-f', rrjh?. s i n r  w:tvib d , l i V t ~  t o  
In0 117 i~wr(-:~<ing t o  2..i V, ~ I Q ,  : l t  .j 1 1 ~  
Power Required: 100 t ~ r  I?.? a ) T  1b15 t 0  ?.in \', 
,;(I t f n  -410 I i &  1:1 41r 2u I ! >  :',o j- (IF, 12 IT. 
Accesr*rier Supplied: ' i ~ ~ j r r ~ t : ~ ~ ~ ~ ~ ~  n(2r.k ~ t r n l l ,  

I Brr~use it is lvidt.1y l l ~ ~ t l  :IS a tzirho- 
mpter, the conl-entional strohcrscope 
i n c l n d ~ s  an nsciIlntor and a~norinted 
electronic circuits necrssary to adjust  ! 
the flashing sate orcr n wide range. .-2 
pttrchnscr who IVU nts only to rnnkc 

I hd, Y P  
stopped-motion observations or phato- 
graphs, with flashing rate llnder cuter- 
nal control, thus is forrccl to pay for 

---.-- - - - 

- - 

a capsbiIity t?ia( is uf no use to him. 
J 

Therein Tics the suggestion that 3 sim- J - . -- I .. 
- 

- ple stroboscope, designed solely for 
- 

m ' 
I ' 

I extcrnnl control, is needed. Enter the / 
STROROSLAVE. 

The TYPE f 539-A STROBOSLAVE is a 
small, inexpensive strobosrope, in most 
respects similar to the ST ROBOT.^^. The 
rhief difference is that the STROBOSL.\VE 
has no internal flashing-mte control. 
T h i ~  means that it cannot serve as a 
tachomet,er. For certain motion stlldies 
and for high-speed photography, how- 
ever, the P ~ n o n o s t h v ~  is every bit as 
useful nx i s  more snphisticatcd 
brethren. 

Putrrng crlra l ~ g h f  o n  the suhlecf. Wilh a n  C.IEC- 
tronlc frequency counVrt goinq through s v~brotbon 
~huke-tablo test, a Stroboslave I S  used to supple- 
men4 the light from the Strabolar. Smaller rtrobe I s  
Iriggered directly I r em oulpul o l  Type 1538-A 

Stra botoc. 

Lump, of end af five-foot cable, con be held i n  
hand us shown here or  afiached lo care CIS 

shown nbavc. 

Tt has, in fact, several advnntrtges 
over the largcr strohoscopea (irl addition 
to the price dilrerentisl). Its Ixmp, a t  
the end of a five-foot cable, ran hc 
cithes nttnched tn the case or mzneu- 
mred close to the c b j ~ c t  being ohwrved. 
The case itwlf is small enough (2?/i hy 
53,~; by 4% inchcs) to bs p r r r n a ~ ~ ~ n t I y  
rnountcd on such rnnchin~s  as t ~ s t i l c  
looms, prodnrtion tools, and printing 
presscs, where cnn tinuous strohosrnpic 
rno~litnring mny r u t  costs szihet,an tin Ply 
l ~ p  xhowing 11p dpferts in material or 
poorls produced. 

'e'htl S r ~ o s n s ~ . t v ~  ran h~ triggcr~d 
1j.y a ~ T R O B O T . I C ' .  3 TI-111~: lL:l?-:2 lEhoto- 
~lerhtric: J'ivkoR, n TYPE 1 X i - R  Con- 
t nrtor, or nny tlcrirc r a p ~ b l r  of s.lpply- 
ing n rontnvt r1asul.e or 3 pnsitivr pulw 
of n 1ex~t  3 volts praak. An estrrmrly 
ris~fril ccrrnbinntinn is thc S ~ ~ n n n s r .  \TI.:, 

TYI'E I .i?l-Plj 1:lnsh L)ral:~y, :rnd TI-11): 
I.j9(i-.-l I'hntael~~tric. 1'irknfT. \Yith eurh 
:i setup, on!. rnl l  ' ' ~ t ~ r ) ' '  n l o t i r 1 ~ 1 ,  oh- 

1 i I i ' % 1 1 ~  ~ d l i g  fur i n 1 ~ 1  t : ~ n t j  cbut],ut. ~i ieks ,  3[iXrC 
~ ~ I S P S .  

Accessories Avnilable: TYPE 15:3R-l':! Estensinn 
l , z n ~ p ~  TYT~F. I .:)'X-f':! I',<I! 1i.r.v ?rwl  L : l~ ; i r~ t - r ,  
'ryp1,: I ,5:<S-17-l i 1 iKl~-~t~t~~t~sit~-~~!!~sh Cz~p:~d-,itt,r, 
. r y p ~  ?,5::1-1'2 I,'i:~sl~ [ ) ( J I : I , V ~  I ' Y V I : ~  1.5;<ki-A 
I ' I I I ~  nr.lr.r'trir. I 'ia.lc~r!T ( fr.br Ilsr rci t h I'lnsh I)P]:LV ), 
'ryrv- 1 ::;;-,I l'hot.o~~l(rtrii: l'ivkoff* :inti .I'YPI,: 
I :i:<!l-.I St rlihnsl:~ve. 
Mounting : I'lill-'l'il t C'lisi-. 
Dimenrirrns: 1!'blt41 1(15 %*, h r j ~ l l t  t ;" ik  rl~~lth 
j b l  i r t r l ~ ~ ~ <  (?XI \>y 170 l ~ y  117~0 I I I I I I ) ,  nvamr-:I][. 
Net Weighl: Y 1 . $  11) (:$.:; kg). 
Shipping Weigh!: 10 11) [-I.(; k~). - 
' Includes hcmdlc. 

5;ecvp it t h r o ~ r ~ h o ~ t t  its cyc l~ ,  and syn- 
~hronixe n c:lmern shut t t r  with t h ~  ffn~h. 

Light duration, intnnsity, and flnxh- 
 in^-r-l.n tc  rfinge are all t1ip s:~mr as for 
t h ~  TYPE 1531-21 STROBOT~C. The 
Sl-t~o~osr, t v ~ ;  o p ~ m  tes from stancIard ac 
p o w r  lincs. - 31. C. HOLTJX 

S P E C I F I C A T I O N S  
Flashing-Rate Ranger: 0 to 700, 0 tu ,1330, 0 tn 
Z.J,C)OO flnshrs Ilcr inin on high-, n1edirirr1-, and 
llr\\--intens~ty rnflgra, reqwr tiv~1.v. 
Flash DurmlFon: I\])piW?c n.8, 1.2, snd :< @, mcm- 
ured r t t  ? ~bc'nk intmsity, fur t l ~ c  low-, medium-, 
:~ r i r l  h i~lr - i r l t rns i ty  r:IllKPR. msprr-tively. 
Pemk Lisht Intencity, Typically O.li, 3.5, ~ n d  I I 
n~ i l l i nn  hmrn c u r ~ t l I ~ s  (O.fi, Li.5, nnd I I X 10fi 
lux rnensund fit I-m distnncr: a t  the beam 
centrr), [or Ian-, nletliun~-, ~ n d  hid-intms!ty 
r a n g s ,  rwpertivelg. Fur ~ i n ~ l c  f lns l~,  IS million 
bcrirn cnnclles. 
Reflector Bevm Angle. lau a t  half-intensity 
points. 
External Triggering: Either a awiteh elmure 
urross the input  j:wk terminals or n 2-V (pmk) 
positive pul~r.  
Pawer Required: I00 to 125 or 195 b 250 v, 50 
to~tOO I l z ,  Ifi (rnau) at115 V. 
Arcersotier Supplied: Phone p l u ~  for input, 
mounting br~cket.  
A~cassories Avnilabla: TYPE 1537-A Photo- 
electric 17ickulT, 'l'vm 15331-P2 Flash Delay 
(witti s TYPE 15.!GA Photoelectric Pickoff). 
Dimensions: Width 2 ! n j ,  b r i s h t  5?p, d~phh 
'1% irlchcs (fi l by 215 by EOL mm), over-all. 
Net Weighl: 23( )b (I.:< kg). 
Shipping Weigh%: 8 lb  (3.7 kg). 
-- 
* ITithout I m p  uttached. 

Using the Strobor lau~ as o diognostic tool. 
The reirec!or has been slipped off  so Ihot the 
rtrobe lamp cum probe the innards of the oddress- 
ing machine. A phokuelertric pickoft keeps the 
flashes synthronlred with the machine, while u 
flash-delay unir ullowc the operator to rcun the 

motion throughout i rs  cycle. 



FLASH-DELAY UNIT SIMPLIFIES MOTION I 
ANALYSIS IN HIGH-SPEED MACHINES I 

i i r ~  at sl~yrtls ill f h~ hundreds of fhou- 
sands of rpm. I 

~ipum 1. T ~ O  Flash Dolay ond Thr TYPE 1531-1'2 1:I:~sh Drlny mnkes 
Phoroalsctrlc Pickofl In tombinn- 
lion with +ha Slrobotmt '[ elmc- -dm po-ihl~ singlr-Aash phn t rrgrnphs of ro- 
tronlc sheboseopa. ~ h s  Flask Dm- 1 .  - _  . t i ~ t  ing rqilipmrbnt n t :illy d(*sirrd polri- 
lay mtlachos tcnvenienlly no the 

Skebolac. tinil in it.< ryr"lr. Thr rit~e;lr flil~h of the 
S T T ~ ~ ~ T A  c i~ qynrh roilizrcl hot h with 
thr t i m r  thr cnmrr:L shurtrr is r rpn  and 
\I i l  h thc dcsirrd position of thr rntntirlg 
fJl>.iP~t. 

Description 

'Tlnb TYPE 153 1-12 1~l:isIl I)rlriy w:ls 

\ tlt.+i~ncvl prin~:~rily Inr IIW with the 

u '['I-IT I .i:<(i-.I Phnl nrI10d rir Pitaknf'f. I t  
{!:In I)(> t t i~z r~r r t l ,  hcl~vc.r,c>r, hy any t r:ins- 
rl!~r~c+r 111:~t will grncLl+ntr :I pnsitivc~ r1r.r- 

I : I ~  many vta:lrs t h r .  S ~ r t t ~ n n ~ ~ r ' ~ '  I :  I i l t :  i n  I I 1 r t l+ir . :~l  prllsr of fit Iranct 0.3 vnPt. The 
c . l r % r b t  r o ~ i i ~  st t'r)l)~rc'nj~-~ ~ : L P  Z J P P I I  :L vnlu- illt mtlurrcl hc.tw\-rars~ t hr\ pivkolT : i l ~ t l  ( I I ( \  hlnvk di:~gr:~m of I:i~,rt~r~l 8 sllo~vs t11:it 
f ihl i '  toi~l ill 1 h~ tlr.vrInpmoa~t iintl maintr- s(mt)ont~opr, so t h:~l thr* s t i ~ n l ~ r ~ s r r ~ l ~ ~  lbnrk t kr~ f l : lxh dclny ~nnsis ts  nf IL pl.canmplific>r, 
I of I I f I I m i -  h~ m:idr to llnsh :kt any rliwircrl ~~t,..;itiorl :I Schhrniit-virrz~it pirlsr. sh:lpcir, n tirnrj- 
rocntiilg rtliiiprnrnt,. Two I L C ~ C ' P P ~ ( ~ F ~ ( ~ ~  of tho i.nt:zt ing ol)jr*c.t. I<y r.ntlt ii~r~:zl]y t l~ l :~y  gmrr:ll or (rniisistit~g of n flip- 
grr*:~tly raspiinrl t h r  rcwfrilnr.ss of this .rr:~ryin: thrt tirnt* dralny, 111r navr c:tn flnp, fi unijrlnrtim~ tr:ln.iistnr and nc 

I st ~-nI)osvopc~ i n  t hv st 11~ly of high-~pr~tl  oh. ; r~v? t f ~ c b  ol)jrt+t :it :ill prrsitioua r l ~ i r i ~ l ~  ~lr~t\vor.li),  lid an nrrt piit st :igc.. Knrk A 

rnol ion, t hr n t w  TYPE 153 1-1'2 I'lwh 3 c.yc.1~ of rnl;~tinn. Sm:~ll . ;pc~c~rl  \-;I ria- trigjirr p~ilsra from t h r  Svhrnit t ril+cnit, 
Dcl:ry ir~ld thr TYPE 153;-rZ Pho to~ l rc -  tion* will ilni : ~ t T v c b t  fi h~ inl:~gt,. If I hc, st:~r'is n dr l :~y rajv,lr. I~\\ 'hrii t l l r l  ~r)lingcl 
tric I'ir+knfT. s~.x.{~tl vnriras \vidoly, t hv ir*tlr~r.t ivca t : t rw,  nrvrrrss n cnp:iritor in I h r  nr  virrwit 

' t ' l ~ c *  r-nrnl3iil:it ioil of pirbkoff :ujrl R:1511 c : ~ n  I N *  pl:u-r'd jurt :~hrxrl o l  t 11c. 1lr.sirc.d rv:rrhr.: npprosimn tr ly 9 volts (onr-half 
tlt*l:ty pl.o~it1r.s :I c'ou~~r.l~ic+irt, rnr:i1Is of virvi iltg ~ ~ ' i t l t  FO t h:lt otlly :I sm:ill t inlc t hr 1 R-vc)lt chnr~iu:: volt:~gr.r), t hr luli- 
sy~ir~ht.oiiiziii~ thc ~ T J ~ O R C I T . \ C :  h s h  to dt.l:~y rvill  br r ~ q i ~ i ~ r d .  ji?nr.tion transistor fires, discharging the 
rnt:~ting rrl\iipmr~it, ovrli whrn t hr Thr p h n ~  orlrctric pirbkoff [loras l i r j t  capacitor, rtsd t ing ihr drlriy flip-flop, 
spt-rd O C  thr cvluiprnrnt is ir~usgcil:~r. Thc l ~ i :  l o  h i  r o t  I i -  and sr3ndin~ 3, pt~lsc: to thc  output 
flash r:~11 In1 tlr1:lyrd with r r s y r t  t n  t l r  mrnt ~ i l d  ran t l~('rcfc)rc 'C ~ C I I S I * ~  011 T ' I ~ I ~ -  nmplifirr. 
pi~krrff sigi~nl sn that thr  rnr~villg ol)jrcot lo\i,-po~~er devices surli as rrlnys, mc- Thr1r.r nrr thwc rlclny mngrs nvailnhlc. 
v;tn hr mi~rlr to appr:lr r~irrnpl(atc*l y ch:il)ir:tl rhopprs ,  r tc .  Thc pi(-koff, with R r n g ~  1 dlows nn ntl jllat m ~ n t  nvrl- : N O  
<r:ltionnry :kt ;my point, in its ~.ot;ition n t imr ronst:int of :1ppl.osirn:11~!y 200 d rg l r~s  for r ~ t a L i ~ n i ~ l  spt.t.ds of liOOO 
i * y c l ~ .  p ~ c ~ , c ~ ~ t ~ l ~ ~ ~ ~ s ~ c l ~ v j t l ~ r t ~ ~ ~ i p n ~ r ~ i ~  rotnt- rpm or highrz: r : l n ~ ~  2 ppl.oll(,s t h r  

\\'hrn :I rnnvin~: object, is ol,stm-rd 
. -  - 

ru~rlvr strol>osc.opic& Iight \vi t  h t hr 1l:lwh- 
- 

i i ~ g  mtr drtr rmii~rd Ijy t hr s t r o l ~ o s ~ ~ r ~ p c ~ ~ s  - 
intvrnnl nsrill:~tnr, slight \*:!lhi:l( iolic; ill 

Flgura 2. Photo rhowing the use - 
m 

of mfietHva tape lo produce o 
t hr* sprrrl of rntilt iim will cuuw thrb In(,\,- pulse signal In the Pho~oe l t ch i t  

itlg n h j t ~ l  t n  :ipp.:ir tn rot:ttr rln~vly. PFrkoff. Pulse is  then de!oyed by 
the Flash Delay to fire the S t r o b -  

C011t illlull : ld ju~tmrn t of t hc fl:~shiilg tuc at mny desired point in the 

Intr is thrn r ~ t l ~ ~ j r ~ d  to obtain :t st:~tinn- ralolional cycla. 

4 I .  
nry imogc~ at :I p;rr:icztlnr point in the 

I . -  
rbyv lr . 

Tf n srnnIk pircc nf rrflrcti~~r t a p  is +> 
~ i ~ : l c v r l  lrlr I 1111 ~.nt:&~irlg ~ l , j r b r - t ,  3s x l l n ~ ~ ~ n  b,. :;> 
i i t  I.'ig~~t.r 2 ,  i t  is po~;sil>lt* tn oi>l:liii l'l+um 
I hr> 1,hol411*2r~c~ti*ir picaknlf :i sigiti11 \\.lbirh - ' -' 

JJ ' 2 
i.i ~yzlr-hroiioi~.~ ivjtli t hv roi:tt ion. r.(.g:,rd- 

" \. 
L* 

Iras of sprrd. By mr:lns of ihr, Il:rsh * 



WW#T fo4113 :11i{1 \>~~.~i~~f~x~-rn:i(~hii~~ i r~r l t ts t r iw 
31-r OIIIJ+ :I fvzv of t h r  m:u~y that wil l  f nd  
a his r.orn't~il~:i~ inn nrl inv :~ lu : th l r  tool. 

I - 'I'hv : t l ~ i l i t , v  to nhtuin sindr-fl:~sh photo- 
' I IHl iLE T L 1 S H  

C I n C , , I I L  F r l p - ~ L ~ ~  ~ r ' : ~ p h s  : k t  :111y ~ l ( s i r ~ l d  posit ion of a mc,ch- 
IUHIJUNCTIOH 

I : i l l ism f~rrthclr r y ~ ~ h a n r - r s  t h r  vnlur of 
SINGLE FLASH 

l H ~ U ~  th rs r  inst rumrnts. 1;igurrs -1 t h l n a ~ h  6 
show :1 f c ~ v  of t h r  :~pp i ic : l t  ions nf t hi* 

Figure 3. Functional blmck diagram 04 !ha FIouh Dsley. 
vrl-utile s t r u h o s r o l ~  :1ssm-nklg. 

:3IiO-tlrglrr~ : ~ d j u w t m r n t  For 2pr.c-ds hr- 
t,wccn (jMl ~ ~ p m  ancl IiOnO rpm: I'allgc 3 
is I ISP~ for sprcds h r l o ~ v  (i00 rpm : ~ n d  
for ~prrinl ~ppl i rn t  ions in 1vhir.11 :I drl:ip 
as long ns 0.8 st.(-on(! is rrvluir~tl. 

l:nr s i n ~ l r - f l : i s h  p h o t r > a ~ . : ~ p h y ,  t hr: 
n t i t p ~ ~ t  pulsry from rh(1 rlrl:~y r- it '<.l l i l  ~ o r s  
t n  a flip-flop g:ttr> rbircbuit il~sltrb:ul of 
clir~rtly to  thrx o i i t p u t  stsgc.. I f  ~ h v  s cnolr- 
tncbts rrf n cxrntsr:L sh11ttc.r : ir~ r r r n i ~ ~ ~ t ~ t l  
to :s jnrk o11 thra f:wh rlrlay, Ihvil. c.Ir~i-r 
wilE rn:tkr thrb g:~trb cnirrtiit rc lut l r~r. t ,  :inti 
t hr n v r t  .syll(~hro~~ixrd, t l r l : t y c~ t l  P I I P S P  
wi l l  P:IPF to t h ~  orltput stngr. A i t c ~  this 
nnr p ~ ~ l s t a  p:issclr, 1 IIP flip-flop g :~ t r  ivill 
r r w a t  :ind :ig:~irl I)rrornr non r r ru . t l r ~ r . l i ~~g .  

Thr fl:ish ~lrl:ly, ~ h r r ~ f n r r ,  ; ~ l l o l v s  t h r  
first s y n r h r o t ~ i x c ~ t l  p ~ ~ l ~ r  orc~t~rl=i~r:: 1 ~ F l  r r  
t h ~  carnr1.a sh11a tcr oprns (x-c-orr tart 
closrurv) t,c, t l-iggr.r t hr SI r r j l ~ r~s ropc* .  

Synrhronism is tlill:: n21t:1ii\rtl n.ith hrit  h 
thr  s h u t t r r  o p r ~ i n g  and thr t l r s i r t >d  po- 
sition of thr r o t : ~ t i ~ ~ g  nhjrrt. I t  is t w r r s -  

s n r y  t o  wt t h r  shutter specd an th:~t the 

. . 1 h r h  fE:~>h dc*l:iy i s  housrrl i n  :In :ll r~lni- 
r i l m ~  r:isr ~ v i ~ h  h1.:tc.k{mt n hirh calip.: 
tli~.c*rb~ ly t r~ t ltr STI~OTIOTAC c~l (~r t~*n i i iv  
rt rot,osc.opr~ I r l  11x1 kr. :I r'r,nvcanErn t , vnm- 
p:lr,~ ,~.;~rkrn't~ly, ns shown in l : i , ~ l ~ r ~  1, 

Applications 

'flub 'L'ri3rs I Zl l-h S~rznnn~.ir"" ~ l r r -  
t r r~ r~ i rh  st rol)ost.ol)r 11 it11 t l w  TYPE 1 ,;:?I- 
P2 I.'l:ish I )c*l:~y :~nrl thc. T I - I~~;  1 >:<D-.I 
I'ho tr,cll(~c-t ~ h i c -  l'ir-knlT h i s  wir Er :~pl-~licl:~- 
t ir111s in I h r  ~ l ~ v c a l o p r n r w t ,  t ~ s t ,  and main- 
tcbr\:i~tc.ca r ~ f  :III kiwis nf rnnving rnr~rhitt- 
r y .  'l'hr tvst i l v ,  :11tt nmnt ivr, rnnvh inc -  

Time-Deloy Renger Appm?tiinntnly 100 ~nicro- 
seconrls to 0.X seconrl i l l  thrcr r:tnEw. 

Sensitivity: A* l i t t le  nu n.3-vnlt inprit in!] prrr- 
I I F ~ P ( '  411ITiflrflt I ) I I~ p l ~ l  I o !rig~er thp st tol!n~rnl>r. 
Inputs: f ' l ~ t ) ~ ~  j:wk IIN t r ~ ~ r p r i n ~ ;  j:wk lrli 
r ; t i iwcl  * y ~ t r i i ~ i > ~ ~ ~ x ~ t i ~ > ~ ~ .  
Power Requirements: In.; tn 125 (or ?In t r ~  2.iOl 
v~dt., 50 to 4iO cpc. :) 1vnt2a 1 ~ 1 t h  TYIW lX3R-.A 
rr>i~~lc.rtcvl.  

4 l.r~t,o+r'rr~w. 
Dimensions: 5'  q I I ~  3% hy 354 i~lrhe-: (13: 11s 
Hlr I)?. !)ti Inln). 
Me! Weight: 3 ~,r!~trld?: ( I  kgl. 
Shipping Weight: 5 prrulltlk (2.3 ky). 

Figure 4. The action af corn followen con be soriEy examined wirh the Strobotac-Flash Delay combination. 
These ph6tagrmphr shaw thm bounce of a cam fallower a1 high speeds. The corn is rotating raunlerclockuvism. 
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1 Figure 6. A typical application in  the rertile field. 

i '"-  'l& 3 / I  , ' .  1 : Draper DSL rhultletorr loom. Spesd gf the filling cur- 
ob5sning Impe ond fllfing-carrier bahavlor of a 

rier IS 274 picks per minute. The $Sash Delay makas 11 
Figurs 5 -  Study of thread bmhavlor in high-speed sewing ,nachine. Machine speed war SODO s*ltrhsl per po5rible q 0  observe the filling-carrier a! any perliculer 
minute; hook spaed wor 1 D . W  rpm. Photogrnph ot Isft shows setup using L~nhoA 4 x 5 with Polnroid fllm, point on its SynchronFsm with loom i r  *<<om- 
Strobotoc with ofinchad Florh Deluy. and sewing mmthine Ithe hose of which i s  cut owoy ta expore the parts piishad with ~ h =  Type 1536-k Photmslaclric Pickoff 
underneath). Canter and rich! photogruphs show the bobbin and hook mctlon on thmed mt a rpecinc phosc locnted a rim rmnnecttd 10 the rnmin power shaft 

sslsctsd by means o l  the Flesh Delay. Photogropbs tourfery of The Singer Compmny. and shown at the boltom of the photogrdph. 



There are now two photoelectric pick- 
offs in the General Radio line: the 
TYPE 1536-A, which includes a Iight 
source, and the new TYPE 1537-A, 
which does not. The latter is the  less 
expensive and is the recommended 
pickoff for supplying a triggering plllse 
directly to a TYPE 1538-A STROBOTAC or 
a TYPE 1539-A STKOBOSI~.~VE, assuming 
that a sourre of bright light is available. 
(-4 1 -1-watt No. 330 14-volt pilot lamp 
a t  inch is ndequatc. If the Ifght 
source cannot be plnc~d ncxr the ob j~c t ,  
a reflector and Iens can he u8ed to focus 
the light.) Where no adequate light 
source is available, where extra sensi- 
tivity is needed, or where t.hc TYPE 

Tk. Type 1537-A Photoeleclrlc Piekofl i s  Idenlltaf 
in uppearcrncs with l he  Type 1536-A. Only dif- 
ference i s  that khn Type 1536-A conlulns a light 

source, the Type 1537-A does nor, 

Supplied with t,he TTPE 1537-A Pick- 

alternateIy reflective and nonreflective 
arcas to trigger the photocell, the choice 
hetween black and silver tape depend- 
ing on whether the surfacp is itself 
reflective or nonreflective. 

Operetlng Role! Greater than 2500 pulseajs. 
Sanriflvity: 1':tT~ctiv~ irradianr~ must hc at 
lcmt 6.0 rn\!-/ern~ to switcll on, less thsn 0.6 
m\Y/cm' to switch off, nt 1 micron saveEen@h. 
Power Required: 3 tri 25 V dt ;  0 40 100 +A 
rlepentl\ng on operntin~ rate. Power rs s~rpplird 
I)? inatrulnerlt with rvhich it i~ tr~ed. 
Accesrorlsr Supplied: 10-ft roll of  s i n  hlack 
tape, 10-ft, roll of ?+/pin silver tspp, carrying 
cnsc. 
Mounting: C c l n m p  ( C X P R C ~ ~ Y  in, ffnt or 
roilrid) or 1'4-in magnet., I,oth auppl~erj. 

1531-P2 F l ~ s h  Delay is desired for off, as with the TYPE 1536-A, are a Ormensioni: Pjckoff lipad, !%-in dirt, 2 in l o n ~ .  

phase control, the TYPE 1536A Pick- C-clamp and a magnet, for easy mount, l ~ i n k x ~ e  consists two  %-in di~nlcter a~~ in l*s s -  
i l t c v b l  ~r~ds, ti and 6% in Inng, and a d j n s t s h l ~  

off is recommended. Thp TYPE 1536-A, ing on a variety ef surfaces, and two cannrrtinK c!anip. Clrhle is H f t  long, tprmrnatrd 
with Rfidl-delay, is Ehe recommended rolIs of tape, one black and one silver, in P I ~ O ~ C  PI'"- 

pickoff for use with the TITE 1531-A Pieces of this tape can be affixed to the "" W*[gh" 1 !4 Ih (0.7 k~). 

STROBOTAC. edge of shaft wheel to produce 5h'ppjns Weigh*: -1% Ib 12.1 

pl;~y, 11-P rcrom~nrrlrl thc rnnll~ir~:~tion 
of t hr I I ~ W  TYP~.: 15:3(;-.1 1'1~otc1r~lr~c.t I-ir 
I'icaknff and thr 7 ' u ~ b :  1150-.\ ISigitnl 
lTnaqumry 1lrtrr.I 

'Cl~c pirkoff m~tsi.;t.; of :I light snurcr, 
:111 optic.nl sys t r~n ,  a phntorrll, nit n ~ l t p z ~ t  
r:ll,lr, atld n flrsil>Ep lirrk:tp cyatc.m. 
I,igFlt I r o ~ n  t hc' soul+rr is rrflvvtcrl, c.itt~rr 
134' thr mtatitlg ohjrr.t, o r  I,;? ~.c>flrrti\-r 
t:ape nttarhcd tn i t ,  Ilnrbk to  t h r  pllntcl- 
rrll, ~ r h i r h  sr~lrls clrrbtrirnl pulsts t n  t l ~ r  
f r ~ q r ~ n ~ ~ r * y  rtictrr. This itlst lhttrnrl~r rhrrtcllt..: 

t l ~ r  n~~nrh(a~. nf pr11.w~ :~n*i\*iizg pc-r 
;rrnl~d {or 0 .1  scl-rrld nr I f l  wr,o~~tls) n ~ l d  

'rtrv v y l i l ~ d ~ r  r o i \ ~ : ~ i r ~ i i r ~  tlw ptintnv~l! 
ntlrl li,rrht sourt8c r n ~ ~ s t  hr plnrril f:~irly 
r~lov~~ to t h r  ~ll)jrrt I , - i u ~  nt)..:.rrvvd. Thc 
m:isirni~m r1ist:lni-r tlrprrrtl:: on rhr rnn- 
tr:lrt I r t ~ v r w  t h r  rvflri*tivr nlirl I r o t i -  

rrflrrhr ivr parts of t hi- rot:] t itrg nhj.rtat. 
Tllr sm:ill six## of thr pirbkolT hcnil ;mrl 
t hc do~lhlr-jni111 rrl Eiltk:13# :1s5c>lnl>ly, 
n ~ m ~ r l t r d  on rithrr n C*-l>lfimp or n 
~nngrlct {hoth supplirr?), prrrnit thc 

PHOTOCELL WHERE 
pirknfi t t I 11t. n l a ~ ~ r ~ ~ v r r t ~ r l  (+In-r c11011gh 
to out-nf-thr-\vay ~'a)t:lti~tg prlri.~. 

IYi t h t hr rourltrb~~ .Got  fnr n T H ~ P - ~ ( ~ ~ I I ~ c I  
gntr ( i . ~ ' . ,  C C I I ~ I I ~ ~ I ~ ~ )  prriod. t h r  ~ I i ~ i t : i l  
rlicplnp will h r  ill r r r o l u ~ i n ~ ~ y  p r y  

wand. Fnr gYr3tc.r nrrnmcj-, thr  r o ~ r ~ i t -  
i ~ ~ g  pcrintl rnli hr s c a t  t o  10 srrnrlds, n11d 
tlw rligitnl warlout di~itlctl 10. T3y 
rrl-rtai~~i~ ~g more t Flnli olir pulw prr 
wvolutinn (23, for il~+t:lr~rr, :~ t t :~r :~ i l~g  
lntrrr th:111 ~ ) I P  r ~ f l ~ r t i t i g  strip tr) thr 
rntnting s~~l.fa~rr.), nlw C:III I I I C W ~ W  f h ~  
rliqday pnwihilit ips: IYit 11 s ix  r v f l ~ r t i v ~  

COUNTS 
rtrilw :uttl :I IO-xrtv,r~d r c ) u ~ ~ l i i ~ g  prl+itrd. 
iElr rwitr~trr iurjir.:~trh rpln. If IiO % t i - i p  - 

o:ui lrr :ltt;~rahr~ii, oltr cait oht:iirl :t tlirvrt 
rpnl st :I! P ~ I I ~ I I B ~  ~ I I I ~ T  :L s~vib~~rl .  -1% 111oro 
striljs :lrr I I P P ~ ~ ,  thtl picakr~ff must hr 
plarrd urnrrr  1 0  thr clhjrrht. 

l lost m:ic+hiirr spcrcls nstq wrll w i t  hi11 
thr  r:ulKv of t hr pirknff-can~~nfrl. rcm- 
t,iil:kt intr ' l ' h ~  h i g 1 1 - f ' l ~ r r ~ u r ~  lilnit rlf t hr 
v c ~ ~ ~ ~ t t r l .  i s  oyvr 13 nlillir~~l rpnl. sn thrrr 
is I I ( ~  p r r ~ l ~ l ~ n ~  f ~ . o n ~  1 !rat il~iartor" 'l'l~i, 
lil~litirlq f:~c-tc,r i s  uslc:~lIy t l l t .  r.np:~rit:~yjc.cl 
nf thr I.:II,IP rnnnrr*tiuy: I I H '  ~ ~ i ~ l i n f f  t c ~  

i Figure 1. The Photo- 
electric Piekoff shown 
with the Type 119-A 

I Pigitol Frequency Meter 
( rcp ) ,  os arranged ta 

I o rotating shaft. 

1R. It-. I+j,nl;. .l. T i .  skill in^. ",4 Fiur-niuit Snlirl-State 
C'ill#ntrr I r k r  I.'trrl~~mr:\ lIma%~ren,prlz.; to  ??O kc." 
r;rrlir.nl Rc~~l in  L,r,,rna,rr;ilrr, :<fi. 4 ,  .ipril, l!l4>2. 
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t hc r~n!ll~tc~r. I'ntlr- fm-nrahlr ('o~~dif ~ ( I I I F .  

~ p ~ t ~ l s  tip ~ I I  l ~ M , ~ O  r p ~ n  1-:LII E I P  
n~cuurpd. 

I I'wn mlls of prrisurr-vnritiw t : ~ p ~  
s~zppli~ri~ I ~ I I P  ~vfl~vt i 1 1 ~  2 1 1 ~ 1  O I W  ! ~ I I -  

wfli*ctitlg. Thr* lnt tcr c:u~ hc 1rxr6cl ~ v i t h  
nlljrcts t h n t  arc thnnsr lvrs hirhly 
rrflcrtivc. 

~ S C X  of t h r  l ' ~ r 3 ~  153fi-A11 Phcltrl- 
r.l,.vtric Pirkoff rrtrrr alrnnst nll m t : i t i~ r~  
z i ~ : ~ v h i ~ ~ ~ r y .  1 ~ 1 t  i f  is csp~[4:1lly drsir:~l)lv 
For Inn--tnrqr~c tlrvir~s, t r t  which me- 
rh:ulicxl c'on tncto~n C : L I I I I ~ ~  1 1 ~  at tarhcd. 

S P E C I F I C A T I O N S  

Maxlmum Pulra R ~ W  Approxirnatrlp 2500 pulsecr,'~ as timitd by the ?OO-@ t,ime c o d a n t  of 
the pbotor.~11 find cahle romt~irul tion 
Power Rpqulred: 213 to 28 V dc, $0 mh. Power is rn plied by the TYPB 1531-P2 FI-b 
Delay or tlrc T v ~ e  II50-E (or TYPE 1151-A)  ifi it ~ f ~ r e ~ ~ l e n c y  Mrter. 

A a ~ s o r l e l  Swpp1l.d; lbf t  roll of 36-in black hpe;  10-ft roll of $Gin d v p t  tape; cawing 
C W -  

Mountlne: C-clamp (capncit,y I h i 6  in ,  R n t  or routid) ur I l p - i n  magnet, both supplied. 

~lnenrions: Pirkoff head. ll16-in d in ,  2 in lonq. Linkagp consists of t x o  $&in diflrneter stain- 
le%?-strc! rotis, ti urld E l 4  in  l o n ~ ,  and s i i j u ~ f  H ~ I P  ~~onll(*rf l n ~  rlemp. Cahlr is 8 Et. l o n ~ ,  'ter- 
rnlnnir,rl i t \  phorie plug, 

Net Weight: 1'4 Ih (0.6 kg). 

Shipping Weight: 4 Ib (1.9 kg). 

MEASURING SURFACE SPEEDS 

with ;I rli:~mvtc~r ~ ) f  1.!110 intbh, j, \ I I ' P ~  

suitrr-l for h i g h  s~~rfiicr spc t lx .  I lnn-  

rvrr, thrir nsrful rangrs h u ~ c  a l:~t.p~ 
nmo\lnt of ovc~+l;ip, whrtc thr ~ . l~n i r r  nf 
wlrirbh onc to l ls r  tan hr b:iwrl oil nrvr2;- 

4 sil)ilif y .  'rhr r:inge nf surf:~c.r, spwlcl~ ))-it h 
Figure 1. View of th. Surfma-Sped Wheel, sh8wing 

two dfrr* and r*c,iqnml rhaH. thr sm:illrr wheel i~ I&-25013 frrt pvr 
rniilutr, and the rang(x of the largrr 

s ~ ~ ~ ~ ~ ~ ~ @  clrrt,ronic stroho- W~PPI  is 50-12,51X) fct.1 prr mint~t~  . 

scope, ~vidcly usrd lor thr mrnsarrmml 
nnclnnnlvsjsnf mtary,rwiprnrntin~, and Operotion 

' othcr reptitivr motions, ear1 now h~ 
usrd for sprd r n c : ~ ~ ~ ~ m r n r n t  oF str:light- 
linr motion, The npw TYPE 1531-1'3 
Surface-Syed Whrvl ncrcssory rnnkrs 
t h ~  STROBOTAC dial dirrrl  rt'nrling i n  JeeI 
pm- minul~  for m e ~ u r ~ m c n t s  such as the 
follewing: 

Linen1 s p r ~ d . ~  of mrtnl strip, textilrs, 
papr, iv ir~,  pInst ic films, convcyed 
matcrinl, rtc.  

Surjme sprrds of pror~ssing rolls, 
mnrhine-tool rutting or grinding oprra- 
t ions, drums, h~ l t s ,  ~r-rbs, p~illcys, etr. 

Bpit slippafire on  drums and, cspcinll y, 
httvrcn l~rlts on multiple-hclt pulleys 
to svoid ~ m ~ q u n l  load distribution and 
rs~rssivr ~ v ~ a r .  

Upra t ion  is rxtrrrn~ly sirnplr. 1Jn.c 
o l  t h~ dhrthls is simply nllowc*d to rid? ml 
thr slu-fncr whew fip~prl is to hp nlthas- 
u r d ,  and thr wheel's im:ig~ is "stopprd" 
hv m a n s  of t,hr strobownnic l i ~ h t  bram, 

li11r:ir spred and cf  difirrltcrs in sprcd 
l ~ c t  wpm t rvo or morr n1ri:~rcs hnviiig the 
s:trnr neminnl sprecl. A fraction of nu 
rpm is prorninrntly iudirat~rl i ~ h c n  the 
aped of the I!-h~rl changes. 

- 'IV. R. TBURBTON 

S P E C I F I C A T I O N S  

Arturmcy: The hnsic ncruracy of tllc ~ T R U B W C  i c  
electl.nnic str~~houmpe is I To of ~'entl~nx; nn 
adrl~tiallal 0 . 3 5  mu-t he ndrled to iarcourit fvr 
~ r v o r <  I R  the aiarnrter of the whcrl. g i v ~ i ~ g  
nn or-er-nll rwrur:lry o l  nlcxwrcment of 1.5r;, 
or 1~niIirlg for surfnre speetl trvpr the entire 
rntlge nf rnexsurrr~ir~rt 

Speed Rmnga: 10 tO 2.500 fwt per rnfnute with 
arn~tll  1 r - 1 ~ ~ ~ 1  and 50 to 12,500 feet per minute 
w ~ t  1 1  l a r ~ e  wheel. . .. 

after which the ~llrfacr swrd in f ~ t  per I)imanr)onr: Wheels are 0.764 and 1.910 inrliti 
minute is rend directly from tIlp dial of 1t1 rluitnrter, re-prctively. Shnft totals 2CE tnrfi.s 

in length. 
the ~ T R O ~ O T ~ ~ :  T ~ P  fact that only the 
wheel has to be rlnse to the surface Weight: (0+3 
~ h o ~  spepd is to be mrlarrurpd mcnns Skipplea Weight: 2 polmds (1  kg). 

thnt mrnsuremcnts can hc ma& in 
"c loe  qnart~rs." TI~P light from the 
STROBQTAC can pcnetratc u-rll illto the 
intrrior of rnarh in~ry~ and i t  is pl~s~iIll~* 
to t)r~iEd the ~~+hrbrl into surh mnc\lincry 

4 +l 
if rrgr~lnr mcnsurrmrnts n u ~ s t  IF rnzdc. 
For n I>\lilf-itl IYIIPPI, n "push-tn+ngclgcl' 
lcvcl- is rrcommcnrlrd iu ortlor to s:ivc . , 

Description ,- x?-\-, 

wmr on t hr wkrral whrn a mmsarcmrnt, 
The nPw arcrwory consists nf two is 1101  nrtzially t j r i n ~  m:dc. 

~ ~ ~ h c r l s  nf diffvrn-tt sizcs rnountrrl rial np- 
4 

I 
positr ~nrls  of n thmc-srrtion, stninl~ss- Thr comkin:~tion of t h ~  STRC~BOT.IG - -4- '-- -4 , 
stccl rod. Thp smnller whrrl, with .I di- cFtct ro~lic strohoscopc with (hc sl~rfncr-  7 1 

'I 
- 

:lrnctw of 0.7(il invh, is I>cttrr fl-rr sl(rw spcrd whccl provid~%s fil l  ex t l rmr~ ly  sr~t-  Meosvr,mq bey, rpoed 4vrface- 

w~rf;~c.c sprrrls, whilc t tic l a r g ~ r  wlird*!, sitil-c indiC:it or of snlnll vnr int  ions it1 Speod Wheal. 

Reprinted, wifh ehcnqts, from the General Radio E x ~ r i n n p n f m  
VeE 3 4  No. 9, September 1960, Yol 36, No. 10, October 1962, 
Vol 37, No. 8, August 1963, Vo! 40, No. 4, April 1966. 
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