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on the cover 

Did you ever wonder who? lhe first drop of milk r e d r  looks like 
when it splashes on Ihe bottom of your gloss? I1 you could open ond 
shul your eyer i n  an intervol of three rnilllionths of a second (at pre- 

risely the righl inslant), you would see the sombrero-shaped object 
pictured on the cover. Since your eyes won'l function this rapidly, the 
next-best opprooch i s  to synchronize o rlroboscope l o  nosh at !he 
proper instant - and an exciting new world o f  high-speed activity 
i r  roveoled for the firsl time. 

To illurninale the milk drop, the General Rodio Typc 1531-A 
SlrobolotR eiecfronic stroborcope war triggered electrically by  a 

lighl-scns~liue photocell. The falling droplet inlerrupted o small beam 
of light directed or the pholocell, and the resulting change in  l ~ g h t  
intensity produced the Zrigqer pulse. An odiurtablc tnme deloy war 

inserted in the Ir iggcr circuit wilh Generot Rodio's new Type 1531-P2 
Flush Dcloy so thot the flash could be hmcd to occur prcc~refy at Ihe 
insronf the m ~ l k  drop londed. 

fo lo l  exposure timc, with the Strobotoc set on HIGH INTENSITY, 
was about three rnillionlhs of o second. Thc original irnnge on Royol 
Pon film was enlorged opproximatcfy Icn timer to obfoin the cover 
prerenlotion. For more milk-drop phologrophs, lurn l o  poqe 28. 
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A p ley ing  cord be ing  
split by a .22-colibre rifle 
bullet traveling ot opproxi- 
mately 1150 feet per sec- 
ond. Note how the slug hos 
tipped and storted to tumble 
from contocf with the card. 

This oction was photo- 
graphed with o single high- 
intensity flash from the type 
153 1-A Strobotoc elec- 
tronic stroboscope. The 
reflector was removed, ond 
the tlosh lamp was locoted 
about 14 inches from the 
subject. To trigger the flash, 
a microphone was placed 
forword of the rifle muzzle 
and connected to the Stro- 
botoc throuqh o smoll volt- 
age amplifier. The comera 
lens (135-mm Schneider, with 
o Kodak PORTRA '-3 close- 
up attachment) wos set o l  
f /8  and locoted about 10 
~ncher from the card. (Polor- 
o id Type 47 film, 3-micro- 
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F O R E W O R D  

When I first heard about high-speed photography only o few, 
perhaps a dozen, were fortunate enough to use the technique. 
The main use wos in the study of ballistics and shock waves. 
All  of this work fotlowed directly from the splendfd research 
of Mach more than one hundred years ago. He used spark 
gaps to produce light from a small volume to expose rilhouekte 
photographs of bullets ond shack waves directly onyo hand- 
made gloss plates. 

The day has now arrived when high-speed photography as 
a research tool is comrnonplc~ce. This book i s  to introduce 
high-speed photogrophy to the masses. Nof onty will the 
elaborate research laboratories of our day use the method hut 
almost everyone will. It i s  symbolic that high-school students 
today ore doing involved experimental research that would 
have been considered very difficult only a few years ago. The 
tempo of our lime is fulfilled. The new generation arises with 
skills and techniques that those of the older generation did not, 
or could not, exploit. 

The perfection o f  the new xenon FX-6A flash lamp by 
Kennefh Germeshausen and his collaborators, among whom I 
consider it a joy to be included, has aided in bringing the new 
StrobototR electronic stroboscope to a form and performance 
where increased use i s  obtained. A paralleling development 
of the circuits and packaging by Michael Fitzmorris and Malcolm 
Holtie of General Radio Company, together with the coopera- 
tion of m a n y  af  the staff of h o t  company, has resulted i n  the 
unique instrument whose use for photography i s  described in 
detail in the fo!towing pages. 

Developments in photography have contributed to Ihe use 
of the Strobotot as a practical device for high-speed p h ~ t b g -  
rophy. Of special interest i s  t he  Polaroid-Land photography 



system which permits the almost irnrnediote inspection of the 
end result. Then another picture can be taken at once to cor- 
rect a fautt or to improve the photography. Not only the 
Polaroid system but photography in general with its many 
aspects con be used in many ways with the flashes of light from 
the Strobotoc. 

The advent of this book, then, marks a new era which brings 
the high-speed photographic system of experimental research 
into the reach of everyone. I forsee great results when we can 
" s e e ' h n d  "understond" the many now mysterious a n d  unknown 
things that whir and buzz about us. 

I look forward to the second edition of this book which 
will, no doubt, contain many outstonding exarnpTes contrihuked 
by those of you who now read this editfon. So get busy and 
do send in examples for us; to enjoy. 



As interest ond activity in the study of high-speed phenomena 

become more prevalent, the use of reEoted photographic 

techniques i s  ropidly increasing in importance, Mony persons 

engaged in high-speed studies lack the services of an experi- 

enced photographer; consequently, they often experience 

unnecessary dificulty in applying photographic techniques to 

their obseluotfon Q r  meosurernent probiems. Sirnilarty, pro- 
fessional photographers assisting in work of thFs nnkure often 

spend considerable time either searching through reference 

moteriots or making costly trial exposures to gather the specific 

information they require. 

This handbook i s  designed to e s s i s t  both the general expsri- 

menter and the professional phokographer in their use of 
General Radio equipment to study high-speed phenomena. 

While not exhaustive, it summarizes the most useful ideas and 
techniques in a single reference source, and !he bibliography 
lists many excellen! sources of more detoiled or specialized 

information. Operating characteristics of the General Radio 
Type 153 1 -A StrobotocR' electronic 5traboscope, the Type 

153 1 -P2 Flosh Delay, the Type 1536-A Photoelectric Pickoff, 
and the Type 1532-D Strobolume are included, and several 

typical applications ore described lo illustrate !he solution of 
problems commonly encountered in high-speed photography. 



Figure 1. 
The STROBOTACB - 

electronic stroboscope - 
versati le light source 

for both high-speed 
photography and visual  

stroboscopy. 



section 1 

Type 1531 - A  Strobotac'"electronic s t r o b o s c o p e  

1.1 GENERAL DESCRIPTION. 

The Type 1531-A strobotacF electronic srroboscope is a versa- 

tile, inexpensive, high-speed l i ~ h t  source designed to f i l l  a wide  varie- 
ty of both photographic and non-photoprapltic needs in science nnd 

indusrry. Its light weight and compact des ign  make i t .  extremely con- 

venient to use, and i t s  P i ~ h t  output is suitabIe for taking many different 

types of pho to~r sphs .  (See Section 1.2.) A self-contained electronic 
oscillator enabIes the unit to operate independentfy a t  flash rates from 
110 t o  25,000 fIashes per m i n u t e .  The flash rate is continuouslvvari- 

ahIe throughout th i s  range, and it can be accuratelv set  (+IT) by means 

of the Iarge calibrated diaI on the insrrument panel. 

The Stsobotac i s  housed in a unique ca r ry ing  case. which daubles 
a s  an adjustable stand. (See F igure  1 . )  The cover is permanently at- 

tached to p reven t  misplacement or damage KO the instrument w h i k  in 
t r a n s i t ,  and the uni t  is fully portable to any locat ion where the required 
power is availnblc. Either 120 or 240 volts a c ,  50- t o  60- or 400-cycle 
power is satisfactory; maximum input power is 35 watts. 

Phatoesaphers particularly appreciate the ease with which t h e  
lamp refIector can be positioned. The long-throw lipht beam can be 
ro ta t ed  t I~rouph 360 hor izonta l Iy  and 180 verticaIly without move- 

ment of t h e  instrument case, and the reflector can be quickly and eas i ly  
removed from che  flash-lamp mount  when it is desired to iIZuminate 
hard-ca-reach areas .  

1.2 LIGHT OUTPUT CHARACTERISTICS. 

In hieh-speed photography, t h e  ereatest a d v a n t a ~ e  of the Strobo- 
t3c is its ability tc deliver high-intensity lipht flashes of eacremeIy 
shor t  t i m e  duration. FIashes less than 1 rnicrorecond ( 1  mil l ionth  o f a  
second)  long can be obtained a t  the  h i ~ h e s t  flash-rate set tin^, and che  
longest flashes are only 3 microseconds in  dura t ion (measured be tween  
one-third-peak-intensicy points) .  



Wit11 s u c h  short Tight FJashes, rhe photnprapher c a n  achieve h i g h  
photographic resolution of rapidly moving obiccts, For example, a point 
on the periphery of a wheel two feet in diameter s p i n n i n ~  at  3600 rpm 
mores about 4.5  inches in 1/1000 of a second, a movement  too great 
for the ordinary mechanical s h u t t e r  to "step." Even a conventional 

elcctionic [ Iash  u n i t  ~ i t h  a 40-microsecond flash w o u l d  prodi~ce a blur-  
red picture, because a peripheral point rnoves almost 0 .2  inch i n  that 
time. Rut  the 1-microsecond l ight  flash produces an exposure w i t h  less 
than 0.005-inch movement of the wheel's  circumference.  adequate reso- 
lution for most observations and menrurernents.  (See slso Fieute 10, 
page 17.) 

K'11t.n the reflector is in place, rhe light output is concentrate3 
into a long-thranr 10' heam (measured at one-l~alf-peak-inrensit)rpr>ints) 

w i t h  a n  apparent source 18 i nc l t e s  behind the reflector front. Outside 
th i s  loo cane the light intensi ty  IaZIs off sharply ,  sn chat the area of 
reasonablv conscant illurninatinn is not l a r~e .  Since a variation of 2:l 
i n  Incident light intensi ty corresponds to an erpasurc increment  af 
appraximatcly one f-stop setting. t h e  diameter  of the 10' beam cone 
provides a good approximation to the useful i I P u m i n ~ t i o n  area of the 
Srrobotar when the reflector is attached. These spot diameters are 
tahulfired for several Iamp-subject disssnces in Table 1. If this beam 

diamete r  is too small to light the subject adequately. remove t h e  se- 

flector and notice how a larger surface area can he illurninaced by the 
bare flash lamp. The fight rlensitv f a l t i n c  on a given s t~b jecr  area de- 
creases wllcn t h i s  is  done, but. with care. use fu l  exposures c n n  often 
be obtained. Section 5 mentions several rechniques for improvine mar- 
ginal erpnsure conditions, anrl when these are emplayed n single 
Strnbotnc mill usua l ly  i l l umina te  satisfactorily a n  area six ta e igh t  
feer wide. 

The Stsobotron spark discllorge pap, when viewed f r o m  nne end. 
cIosely approximates a point Iight source.  Because of this ,  the i i ~ h r  
output cxn be concentrated opticallv into a high-intensity beam lor 
specin1 applications, nn,l it  is extremely useful in shndowernpll pliotop- 
tnphy. T h i s  technique is used principally for the sruJy of v io len t  f l u i d  
cfisturhnnces. such 3 s  d ~ e  shock waves crented by 3 r i f f e  bullet.  De- 
rai ls  of the rnethodoloty are given in Section 5 . 3 .  

The s m a l l  s ize  and ncuessibi l i ty of che f!asI~ lamp make the 
Srro'batac ideai far many specialized appIications. In rnicrophotographv, 
for example, the unit ~ r o v i d e s  ample light for photo~rayhinq objects or 

organisms under high magnification, yer rhe flash duty cycle i s  l o w  

enough t n  prevent destruction of delicate subiects due ra overheating. 
Fiber optics can be easily employed with the  Strobotac to provide a 

s m a l l ,  intense light source same disrance from the unit i t se l l .  



TABLE 1: 

l l luminated Spot Diameters 

susL,, 
LOCATION 

Lamp-to-Subject 
Distance 

Cn) 

1 feet 

1 
3 
4 
5 
6 
7 
8 

9 
I0 

Diameter of 
IIluminated Spot 

At Half-Peak Intensity Points 

j i n c h e s  

7 
9 

12 
14 
16 
18 
20 
22 
24 

When the  Stroborac is fIashing coatinuaIly, the tntaI light in- 
tensity of each f l a s h  varies with  the flash repetition rate. Approximate 
va lues  of total light output are rabulated i n  Table 2 for the operating 
Iirnirs of each r ange - swi t ch  setting, and these values can be used as a 

rough guide for the  conversion of exposure data obtained at  one flash 
rate into exposure guides for photographing the same subject at d i f -  
ferent flash repetition rates. They ail1 prove of little value, however, 
in determining initial exposure settings, owing ro the widely varying 
conditions prevailing among differenr subjects and the consequent dif- 
ficulty of converting Ii~ht-intensiev data into exposure sett ings.  The 
quide numbers provided in Table li (pace 20) arc recommended far this  
purpose. 

Fieure 2 shows the ou tpu t  light-intensity waveshape for a Srro- 

botac flash. Light output rises smoothly and rapidly, then drops sharply 
to less shan 15 percent of peak vaIue, This cesulrs in a highly effi- 

cient, short-durarion flash. since zhe lingering low-intensity afterglow. 



TABLE 2 
Light Output Data 

Type 1531-A Strobotac electronic stroboscope 

Total 
Light 

O ~ r ~ l l f  
(BCPS)** 

0.17 
0.44 

1.4 
2.6 

13 
21 

Speed- 
R a n ~ c  
Switch 
Setting 

RPhl 

(high) 
K PM 
(medl 

EXT INPUT 1 1 1 I 

Flashes  
Per 

Minute 

27,000 

"Measured two feet  from bare lamp with arc perpcndiculnr to phototubelamp line. .. n c a m  candlcpower seconds. 

Figure 2. Output light intensity waveform 
of the Type 1531-A Strobotac electronic stroboscope. 

Bare Lamp 
Peak 

Candle- 
power* 

4,200 

Low 

Inrcnsity 
0.55 Single 1 11,000 

0.55 1 ::: 1.2 
2.2 I 

4,000 

Peak Renm 
Intensity 

(Million Deam 
Cand lepower) 

11,000 

Flash Duration 
hlcasured At  

1/3 Peak Intensiry 
(microseconds) 

0.8 
1 

'led 

htcnsity 

4,200 1 24,000 
600 1 44,000 

0.2 1 

0.44 

1 .? 2.6 S i n ~ I c  

2 1 
High  

htensity 

44,000 2.2 
I 

Single 140,000 7.0  3.0 
I 



f i g u r e  3. A .22-calibre r i f le  bullet 
photographed in flight. The faint gray 
streak extending in  front of the 
'bullet along i t s  path is  exposure 
resulting from flosh-lomp afterglow. 
A single, high-intensity flash of the 
Strobotoc w a s  triggered with a micro- 
phone t o  stop the proiectile"s 1 100- 
feel-per-second relocity. (Palcroid 
Type 47 film, ASA 3000, 3-micro- 
second exposure ot fi"22. The ref lector 
was removed from the lamp.) 

or flash 'tail', contains only a srnsiI fraction of the total energy ra$i- 
ated, (See Figure 3.) 

1.3 SYNCHRONIZATION. 

Probably the most difficult problem facing the high-speed photop- 
rnpher I s  the task of synchronizing the strobe-Ii$t flashes with h i s  
subject's motion so as  to expose his  Film at the desired times. If the 
f la sh  is either too early or too late, the subject wi l l  be "stopped" in the 
wronE position, and in many cases the resulting photograph mil1 be 
useless. 

Synchronization becomes even more important under coedit ioos  
of high ambient l i ~ h t  intensity, because fast  shutter speeds must then 
be used to prevent b l u r r i n ~  of the moving object. Not only must the 
strobe fire in propet synchronism with the  moving subject; the camera 
shutter must also be synchronized to be fully open at the instant the  

flash occurs. 

These prllrbIems can be overcome in most instances by careful 
planning nf the  syachroni~ation techniques to be used. However, con- 
siderable inpenuiry is required to c o p e  successfully with the  peculiar 
requirements of some special-purpose appl icat ions .  

1.3.1 EXTERNAL TRlGGERf NG AND INTERNAL DELAY CHARAC- 
TERFSTICS. The Srobotnc can he migeered by a wide  variety of ex- 

ternally provided signals ahen the range switch is set on any of che 
EXTERNAL INPUT positions. An electrical signal of at Sensr 6 vol:s 
peak-to-peak arnp1it'~de can be used, but a simple contact "make" or 

"break" is also satisfactory. Before connecting 3 rrigger sijinal co the 
INPUT iack, be sure t he  range switch i s  not in an EYT ENPUT posi- 



cion sn the rhyratson tube won't "haId over". I As soon as the plug is 
inserted, the rsnRe switch may be positioned where desired. 

It is important to set the RPM dial correctly when triggering the 

Strobocac externaIly, since chis control varies the sensitivity of r h e  i n -  
strument to electricaj input signals, and low-amplitude pulses wiIl  not 
trigger a light flash if the RPM control is improperIy set. With s o m e  
triggering methods. t h e  RPM dial can also be used t o  insert avatlabte 

r ime delay between the trigger signal and the Iight flash, and care 
must be taken to assure that the proper amount of deIay is achieved for 
the purpose intended. 

With the  RPhl dial rotated fully clockwise, t h e  Strobotac triggers 

wirh either a positive-going electrical signal or by the opening of a set 

of contacts connected to the LVPUT jack. In either case, the light 
flash EoiEows the trigger s ignal  with only a fen, rnictosecands delay, 
In practically all instances th i s  small delay inuoduces no  difficulties, 
and the  light f l ash  can be considered instantanea~ts. 

A s  the d i a l i s  rotatedcaunt~rclockwise from this  position, n poior 
wi l !  be reached where t h e  Strnbotnc flashes once a-ichout being extern- 

ai ty t r i g ~ e r e d .  Approximately 90 " rotation is usual ly  required to reach 
this  "flash point". but it varies somewhat f rom instrumenr to instrument. 
If che dial is rotated .back cIockwisc to a position just before the  f lash 
point (usually 10 to 1 5  degrees), the m a x i m u m  sensitivity to positive 
external trigger pulses wil1 be obtained, Nn appreciabIe change in the 

instrument's flash-delay charncteristir is effected over t h i s  rangeof 

settings. 
When t h e  RPM dial  i s  set at anv position counterclockwise of the 

flash point, the  trigger characlteristics of the Strobotac are considera- 
bly altered. A t  these settings t h e  unit c a n  be flashed onIywith a 
rive eIectricaI signal, or bv tlie closing of a set of external contacts. - 
I-loupever, these is a time delav b e t w e e n  the trigger pulse or contact 
closure and the Strobotron fIash. The amount of this delay v ~ i e s  ac- 
cording to the setting of the RPM dial.  If t h e  diaI is f u l l y  counter- 
clnckwise, t h e  flash is delayed approximately TO milIiseconds ( thnu- 
sands of a second}. This t i m e  lapse increases 2s the dial  is rotated 
back c lockwise .  a n d  it may reach as high as  300 mill iseconds (3/10 
second) 3r  3 point jnst counterc10ckwise of the flash point. If a nepa- 
rive tricper pulse is used  that is o f  shorter t ime duration than r h e  maxi -  
mum internal delay of about 200 milliseconds, the  lielit flash u*ill be 
triggered bv the t r a j l i n ~  edge, or positive-going slope, of the pulse. 

l ~ e e  Section 3.6 o f  r h r  instruction manual for the Typr 1531-A Strohorac electronic 
srroboscopc, General Radio  Form 153 1-0 100. 

6 



These flash-deIay c h a r a c t e r i s t i c s  a r e  summarized i n  F i g u r e  4 lor 
quick re fe rence .  The measuremen t s  on which t h i s  d ia~rarn  is. b a s e d  
were separated by sever31 seconds, so t h e y  simulate s ing le - f l a sh  syn- 
cl-rronization. These d a t a  a r e  not valid for h i ~ h - r e p e t i t i o n - m t e ,  rnultiple- 
flnsh synchroniznr ion with RPM dial setcin~s c o u n c e r c l o c k n ~ i s e  of the 
f l a sh  point, and a11 rrnlues g iven  are approximate  and  may varv from 
instrument t o  ins t rument .  

The in t e rna l  delay c h a r a c t e r i s t i c  of the Type 1531-A Strnhotnc  
shou ld  he  kept i n  mind i n  the planning of synchron iza t ion  systems, 
b e c a u s e  it c a n  somet imes  be u s e d  in  lieu of 3 s p e c i a l  deIav d e v i c e .  
This method of ob ta in ing  a t ime delay,  however ,  m a y  i n t roduce  appre-  
c i a b l e  t ime  jitter; for t h i s  r e a s o n ,  u s e  of t h e  F l a s h  Delay i s  preferred. 

1.3.2 MINIMUM-DECAY TRIGGERING WITH A NEGATIVE PULSE OR 
CONTACT CLOSURE. If a neaa t ive  pulse or c o n t a c t  closure is avail- 
nhle  For t r igger ing.  and t h e  delav s11on.n in  F i ~ u r e  4 cxnno t  be toIera te l i ,  
slinht modif icnr ions  must be made in  the t r igger ing connection. F o r  
r r i q q e r i n ~  on the leadinq e d g e  of a nepnt ivc  e l e c t r i c a l  p u l s e ,  a Genera l  
Radio Transfnrrner  Cnhle,Type 1532-P28, should he used ta reverse i t s  

polar i ty .  The overqize plug on one end of t h i s  cabIe is p l u ~ g e d  into 
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Figure 4. Internal delay characteristics 
of the Type 1531-A Strobotac electronic stroboscope. 
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TI) SHUTTER OR 
SWITCH COYTACT? 

B - 12-volt (or greater) battery 
R,. Rh - 1-megohrn, ' i w a t r  carbon resistors +f=r 1 ;; : S - SPST ON-OFF switch 
Cs - Optional capncitor ea prevenr 

multipEe triggering from conract 
bounce. Start ueith about 0,O 1 pf 

9 (100 v, dc) and increase cilpaci- - 
TO STROBOTAC tance until only one flash is trip- 
INPUT JACK gcted from each mntac t  closure. 

-I Cp - 0.0 1. pf, 100-vntr capacitor 
e 

NOTE: Set RPM dial fully clockwise. 

Figure 5 .  Circuit For triggering the Sfrobotoc by a cantoct 
closure with minimum t i m e  delay. 

the Stroborac INPUT jack, and the normal phone plug on the other end 
is cnnaecced to the pulse source in the usual manner. The RPM dial i s  
rhen adjusted for positive-pulse rriqgering. (See Section 1.3.1.) Practi- 
cally any puIse transformer can be connected to perform the same func- 
tion. 

A contact closure can be made to trigger the Strobotac with rnini- 

mum deIay by the simple invertiny circuit diagrammed i n  F i ~ u r e  5 .  The 
necessary parts can be purchased at any radio at eIeccronics parts sup- 
ply house for less t h s n  $2.00, and only a few minutes are required to 
assernbIe them. Concacrs in  camera shtsters equipped for "X" syn- 
cl~ronitacion normally operate satisfactoriIy with th i s  circuit, but some 

difficulty may be experienced if the contacts "bounce'when closing. 
(The Strobotion wil l  fire& time electrical contact is made.) A s m a l l  
capacitor (spprnximately 0.01 microfarad) connected across the con-  
cacr terminals usuaIly soIves chis problem. 

The Type 1531-P2 Flash Delay contains special citcuirry so pro- 
vide t h e  pulse-invercin~ function described above, so with th is  unit 
minimum delay triggering can be accomplished directly from a contact 

closure. See Section 2.5 far details. 

1.3.3 CHECKING SHUTTER FLASH SYNCHRONIZATION. Whenever 
shutter flash contacts are user1 to tr ig~er  the Strobotac, synchroniza- 
tion should be carefully checked before the film is loaded into t h e  
camera. To do this,open the I e n s  diaphragm to its widest  aperrure, 
remove the back of the  camera to expose t h e  rear of the lens, aim the 

camern at  the Strobotac reflecror, and trip the shutrer. When t h e  Stro- 
hotac flashes. a bright. clear circle of Eight should be visible rhrouph 
the camera lens. If the l i g h t  circle appears no brighter than when t h e  

Strnbotnc is disconnected, the flash is not properly synchronfzed. A 
srnalI l i e h t  c i rc le ,  or a circle with a iagped edge, indicates that the  



light flash is occurring during either the opening or closing of the 
shutter bIades. (See Figure 6.) 

The camera used shoultf have "S" synchronization, necessasv 
with  most types of electronic Flash illumination. 

The camera should not be loaded with f i l m  until consistent syn- 

chronization is observed, because normal variations in shutter speed 
and flash contact operation may cause erratic results i f  the light flash 
occtus coo close t o  the  shutter opening or closing. Uneven exposure 

w i l l  resu l t  if the shutter blades are o n l y  parrially open during the lighr 
flash, and the f i l m  wi l l  be compIetely dark if t h e  flash occurs: either 
too early or too late. 

Figure 6.  
Patterns seen through the comer. 

lens when proper shvtterflosh syn- , < V ~ T - J  
L, 

.qj- ' 
chronization 8s being checked. 

1 E G rl 

I n  v i e w s  a, h, and c, the shutter blades sre eather opening at c l o s i e ~ ,  and 
the fTosh d e l a y  should be adjusted unri l  a clear, b r i ~ h t  circle of light i s  

o b s ~ r v e d ,  as in view d. 
The r a m e r a  must  he directed ar the Sttohotac reflector, and the l i ~ h t  circle 
musl hr cnnsidrrahly hriphter than when t h e  Strcborzc is disconoccted. 

1,3.4 SYNCHRONIZATION OF MULTIPLE LIGHT SOURCES. Fre- 
quently it is desirable re tIash two  or more Strobotac electronic strob- 
pscopes in synchmnism, either sirnultancously or separated by known 
t i m e  intervals. For s imultaneous triggering, al l  instruments can be 
s imply connected to t h e  s a m e  trigger signal, or the OUTPUT TRIGGER 
of one can be connected ro zhe INPET of a second tEirotlgh the  Type 
1332-P2R Transformer  Cable. a s  shown in Figure 7 .  TIie OUTPUT 
TRIGGER of the second uni t  can he connected to the INPUT of a third 
i n  a s imi lar  fashion, etc. Noticc that  the  oversize plue on t h e  cable 
must be inserted in t h e  INPLT jack of t h e  stave unit for proper opera- 
tion. 

In order to flash 3 series of Strobotac eIecrronic scroboscopcs 
sequentially from a sispIe trigger event, varying amounts of t i m e  delay 
m u s t  be inserted in their INPUT circuits. The Type 1531-PZ Flash 
Delay Is ideal for this purpose, but almost any time-delay circuit would 
be suitable.  If the Type 1531-P2 Flash Delay is used, be sure to use 
the Type 1531-0461 Adaptor P l u ~ ,  furnished wit? she instrument. to 
connect the  two-conductor plug on the Type 1532-P28 Transformer 
CabIe to the three-conductor Flash Delay INPUT jack. DO NOT at- 
tempt to ~ c h F e v e  she same result by plugging the Type 1372-P2R plug 
only part of the way into the  Flash Delap TNPUT jack, because bath 



the Transformer Cable and the F l a s h  Delay may b e  damaged if the p I u ~  
is accidentally fully inserted.  

With either of the above setups, the RPM dials of the Strobotac 
eIectronic stroboscopes should be positioned c l o c k w i s e  of the flash 
point. (See Sect ion 1 . 3 . 1 . )  Tithin this  region, s very fine timine nd- 
lustment can  be made by a slight change in the RPM dial position. T h e  
flash of a particular unit can  be made to occur slightly later by a c lock-  
wise motion of the dial and s l ight ly  earlier bv a ~~~~~~~~~~~~~~ise 
motion ,4S LONG AS THE DIAL REMAINS CLOCKRISE OF THE 
FLASH POINT. In t h i s  fashion multiple units can be sync!~ronized 
within tolerances of much l e s s  than a microsecond. 

LL PLUG 
TRIGC.EF 

IN 
I JACK 

.~ -. 
I - -  

SLPVE I!WIT'' I -.. 

Figure 7. Use of the Type 1532-P2B Transformer Cable 
in connecting multiple Strobotac units for synchronized flashing. 



section 2 

Type 1531-P2 Flash Delay  a n d  
T y p e  1 5 3 6 - A  Pho toe lec t r i c  P i cko f f  

2.1 GENERAL DESCRIPTION. 
The Type 1531-P2 Flash DeIay i s  a n  accessory designed to be 

used when the Type 1531-A strobotac9 electronic stroboscope is trig- 
gered externally. Its primarv purpose i s  to insert a controlled amount 
of time delay between trigger pulses and the resulting Strobotac light 
flashes. It functions f rom either s i n g l e  pulses or pulse trains with any 
repetition rate usabte by the Strobotac. With thestrobotac range s w i t c h  
s e t  on E X T  INPUT, LOX' INTENSITY, repetition rates of 600 to 800 
Flashes per second can be reliably achieved, and f lash rates as h igh  as 

Figure 80. The Type 1531-P2 FIosh Delay and the Type 1536-A 
Photoelectric Pickoff shown ready for use with the 

Type 1531-A Strobotac electronic stroboscope. 



1000 per second are somerimes possible, clcpenrling on the condition nf 

the Strnbotron flash lamp. The Strobotac range snritcfs must be set on 
one of the EST IPjPL'T posirions when used with the Flash DeIav. 

The Type 1536-A PhotoeIeccric Pickoff I s  used with t h e  Type 
1531-PZ Flash Delay r o  trigger [he StroRntac in synchronism with rnov- 

ing objects. A small: lamp, a PIEhr-scnsitivc photocell, and a Iens 

mounted in t he  end  nf the Pickoff convert abrupt changes i n  the reflec- 
tivity nt a moving surface i n t o  electrical impulses. These signaIs ore 

then  nrnplified by the Uelav and fed to the Strobotac LVPUT jack. 
The Flash Delay and Pickoff are shown connected ready for operation 
with the Strobotac in Figure 8a. 

To obtain the mosr r~ l iab le  and consistent triggering from t h e  
PhotocIectric Pickoff. a sharp discontinuity i n  reflecrivicy should be 
used as  a trigger point on t h e  subject. S m a l l  markers made from Scorch 
brand Silver Polyester F i l m  Tape No. S50 or reflectice metallic Soil 
make ideal trigger marl.;s, and on dark surfaces white  er s i lver  paint is 
sometimes satisfacrory. Generous luanticies of both a d u l l  black anrl a 

shiny reflective tape are supplied wi th  tile insrrumenr for this purpose. 

Probablv the mosr common application for tlie Flash Delay 3 n d  
Photoelectric Pickoff is in the observation and photographing of the  
various phases of high-speed repetitive phenomena. When the Strobo- 
tac has  been synchronized with the subject's motion (e.g., the rota- 
t ion  of an eIecaic fan's blade), i ts  motion is "stopped" so it appears 
to be stationary. Then a s  time delay is inserted into the triggering 
c lcuit .  che subject is illuminated at a slightly l a te r  t i m e  on each 

cycle, snrF t h u s  appears to "slip" forrvar~l i n  position (cog., if the fan 

is nctually rotating clockwise, it will appear to "turn" cIockmise s l o w l y  
as t h e  t i m e  delay is increased by the  rotation of the DELAY knob 
c Iockwise). 

2.2 f IME-DELAY RANGES AND ADJUSTMENT. 
The RANGE switch an t h e  panel nf the Flash DeIay h a s  five 

positions. In the extreme counrerclucku~ise position power i s  discon- 

nected, and the unit is inoperative. 

ahen t h i s  swirch is in position t ,  2, or 3 ,  the time delav m n p e  
provided is as  fo1Ion.s: 

Range I 100 microseconds to IO milliseconds 
R m g r  7 1 mi l I i s econ I j  to 100 mill iseconds 
Range 3 10 milIiseconds to 1 second 

Time delay is continuouslv variable witltin each of these ranges and  
increases approximately lineaslv 29 the  DELAY control is rotated 



c l o c k w i s e .  Start wish R a n ~ e  I and workto R a n ~ e s  2 and 3 i t  mote delay 
is needed, 

The  EXT position is used to trigger the Flash Delay from contact 
points.  (See Section 2 . 5 . )  

2.3 MULTIPLE/SIPIGLE-FLASH TOGGLE SWITCH, SINGLE-FLASH 
PHOTOGRAPHS. 

when this swisch is in the MULT position, a delayed light f lash 
occurs for each trigger pulse applied to the Flash DcIay ENPUT jack. 
The amount of delav can be convenicnt lv  adjusted to illuminate the  
subject in the desired portion of its cycle. 

If the roggIe is snitched to rhe SINGLE FLASH position, the  
train af delayed trigger pulses being fed t o  t h e  Strobotac is interrupted. 
and the light f lashes cease. A singIe flash can then be obtained by 
closure od a set of contacts (such as camera-shutter fIash-synchroniza- 
rion contacts) connected ta  the small jack mountcd near the Flash De- 
lay power cord, This light flash follows the nem trigger pulse received 
R C  the  unit by the preset amount of t i m e  delay, so the  subject is illumi- 
nated in  the same phase of its cycle chat was visually observed when 
the  swi tch  was in the hNLT posirion. This capability greatly Sacili- 
tases the single-flash photography of moving objects i n  positions of 

particuIar interesr. 

When preparins for s ingle-f lash pictures, first set the coggre 
switch to hIULT position and adjust the Pickoff far proper operation. 

Adius t  the DELAY conrroI until subject appears "stopped" in position 
for the desired picture. Then switch toggle t o  SLVGLE FLASH and set 

the Strobacac range switch to the desired intensity. T h e  shurter speed 
must be slow enaugk so the  shutter Is open for at  least one c o m ~ l e t e  
cycle of t h e  moving object. When t he  camera shutrer is tripped, the  
Strobcltac wil l  f lash once at r h t  preset point i n  the subject's cycle.  

An auxiliary switch and cable  c a n  be ased i l  available cameras 

are not equipped with "X" s~nchtonization. IR t h i s  case the shu t t e r  
must be openel on "Hulb," t h e  Strobotac flashed bv closure of the 
switch, and then the shutter closed. 

2-4 TRIGGER-PULSE REQUIREMENTS, 

The Flash Delay can be operated directly irom t h e  Photoelectric 
Pickoff through connect ion to the Flash Delay INPUT jack. However. 
otllet s ignal  sources may also be used in lieu of rhe PhorneIectric 



Pickoff ,  provigled that  they del iver  posi t ive p u l s e s  of at least  0.3-volt 
amplitude t o  t h e  F l a s h  Delay. A standard two-wire te lephone plup can  
b e  used  t o  make t h e  connection, with the T y p e  1531-0461 Adaptor Plug 
furnished with e a c h  unit. U s e  of the  adaptor avo ids  confusion and pre- 
v e n t s  instrument d a m a ~ e  when connect ing eIecrrica1 trigger s i g n a l s  to 
the  FIash Delay. When the adaptor is in  p lace ,  ordinary rwo-conduc- 
tor p lugs  c a n  be  used in the trigger circuit miring. It  may be l e f t  
plugged in for extended periods of time t o  insure aga ins t  acc iden ta l  
inser t ion of a two-conductor plug direct ly  into the  INPUT jack. 

2.5 TRIGGERING FROM EXTERNAL CONTACTS. 

There a r e  two ways t h e  Strobotac may be triggered through t h e  
F l a s h  Delay with a s imple contact  closure. If minimum time delay i s  
desired between a contact  c losure  and  t h e  light f l ash ,  the  con tac t s  are 

connected t o  t h e  jack near t h e  F l a s h  Delay power cord and the  RANGE 
switch i s  s e t  to EST.  T h e  Strobotac RPM dia l  is then set just clock- 
wise  of t h e  f lash point for maximum sensi t ivi ty .  (See Sect ion 1.3.1,) 
Camera shu t te r s  equipped with "S" f lash synchronization contac t s  can  
be  used  in th i s  manner t o  trigger the  Srrobotac directly. If t h e  F lash  
Delay were not used,  the  Iighc f lash ~vould follow the  con tac t  c losure 
by a t  l e a s t  20 milliseconds. (See  F igure  4.) 

An al ternat ive method permits the  full ranpe of (delay t o  be  uri- 
lited while t h e  s t roboscope is triqgered from a contact  c losure.  T h e  cir- 
cui t  shown in Figure 8b, which c a n  b e  readily constructed from par t s  
avai lable  in  any radio supply s tore,  i s  simply plugged into the  Flash 
Delay m P U T a n d  t h e  trigger con tac t s  a re  then connected t o  t h i s  c ircui t ,  
as indicared. T h i s  method can  be  used  with t h e  shut ter  con tac t s  on cam- 

TRIGGER 
TO B O W  (GROUND) 

TO RING 

3- WIRE TELEPHONE PLUG- R1 = 33 kilohms, 'Gwatr carbon ~eristcr 
PLUGS INTO INPUT JACK OF 
FLASH D E L ~ Y  RZ - 33 kilohrns. !.fwstt carbcln resistor 

R3 = 33 k i l o h m s ,  '+watt carbon tes isrot  

Figure 8b. Contact-delay circui t ,  for triggering the Flosh Delay 
by a contac t  closure with fu l l  range of time delay avai lable .  



TABLE 3 

Time Delay Required i n  Trigger Circuit 
for Vorious Shutter Synchronization Settings 

-- 

eras  that  delay the shutter opening intentionally after the built-in con- 
tacts  close FO a l l a w  sufficient t i m e  for flash bulbs to reach peak light 
ourpur. (The deFags provided by common flash-synchronization settings 

are Iisted i n  Table 3.) Since the  Strobotac delivers its peak light in- 
tensity immediately upon trig~ering, the built-in camera delay at "f;" 
and "hl" flash sertings causes the Strobotron lamp to fire before the  
shutter is fully openec. ConsequentIy, an appropriate amount of delay 
m u s t  be inserted i n  the external trigger circuit if a camera equipped 
only with these sgnchronization settings is to be used. A delay of 
approximately 5 miIliseconds, for example, should be inserted in the 

Shutter 
Synchronization 

Setting 

triggering circuit of most inexpensive universal-focus cameras, as 
these cameras are usurilly equipped for "FW-type synchronizarion. 

Approximate Time Delay Between 
Conract Closure And Full Shutret Opening 

The appropriate delay time for the  shutter being used should be 
rnughly set into the Flash Delay by means of the DELAYcontrol.Then, 
while visually checking the shutter-flash synchronization, a s  outlined 
in Sect ion 1.3.3, make a fine adjustment. Again, consistent synchroni- 
zation should be observed before Film is loaded into the camera. 

"?(" Negligible 
"F" 
Rh!ylA 

5-6 mi~l iseconds 

20 milliseconds 



section 3 

Type 1532-0 S t r o b o l u m e  

3.1 GENERAL DESCRIPTION. 

The Type 1532-D Strobolume is a high-intensity Iight source ca- 

pabIe of delivering up so 1 5  t imes the total Iight output of che Type 
1531-A ~trobotac@' electronic stroboscope. Unlike the Stmbotac, the 
Strobolurne is not a true stroboscope, because it conrains no internal  
oscillator for repetitive flashing at fixed rates. A swirch is provided 
for single-flash operation, but either contacts or an eIectrica! signal 
is required for  multiple-flash triggering. 

a.  Front view.  b. Rear  v i e w  

from case. 

c. View showing lamp 
assembly removed 

Figure 9. Type 1532-D Strobolume. 
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The Strabolurnc is primsrilp useful in photography when a Targe 

area rnnst be illuminated or extremely h igh  br ightness  i s  required. Its 
lamr  nssembly m a y  be removed From t h e  instrument case  for easv acceqs 

ro the  subject (see Figure LQC), and o thresded socket is ~ r o r i d e d  so 
t h e  assembly may be mounted on a photographic tripod if  desired. 

3.2 LIGHT OUTPUT CHARACTERISTICS. 

Lifihc output data for borh of t h e  StrobnIurne operating motles 

-Ire tabulated In Table 4. Nntice that t he  flash duration for higl-t-in- 
c e n s i r v  operation is more t h a n  30 t imes t h e  shortesr flash durat ion nb- 
rainable from she Type 1531-A Strobotac. This greater fIash t i m e  in- 

creases the photographic bIur of a mete in^ object For any given subject 
velocity. and so the increased i l luminat ion is no t  achieved withouc a 
sacrifice. The relationship between subjecs velocity and photographic 
blur for typical f lash durations of both theStrobotac and the Scrobulume 
is yraphed for easy reference in Figure 10. This diagram should be 

where 7 = flash duration 

Photographic blur = 0.000012 x subject velocity x 7. 

Figure 10. Photographic blur rls velocity and exposure t ime.  



TABLE 4 

Light Output Dota 

Type 15324 Strobelume 

consulted when there is any question about the maximum flash durat ion 
that c a n  be tolerated. 

Maximam Flashes 
Per Minute 

3.3 TRIGGERING. 

Either external contacts or a hieh-voltage electrica! signal may 

be used to trigger the Type 1532-D Srrobolume, but contacts usually 
are preferred. Contacts connected to the COYTACTOR jack an the 
rear of the instrument with a standard two-conductor phone plug cause 
a l i ~ h t  flash upon clasiog, not upon opening. 

PeakBeam 
Intensiv 
(Beam 

It i s  possibIe t o  triplger the Strobolume with a positive eIectrica1 
pulse applied to the CONTACTOR jack, but  the pul se  m u s t  he at least 

200 volts in amplitude and more than 20 microseconds long to function 
relisbly with all instruments. 

A variety of special. requiremeots can be satisfied by the tsigger- 
Ing of the Strobolume direcrly from the Strobotac. For this purpose the 
Type 1532-P3 Trig~er Cable connects between the Strobotac OUTPUT 
TRIGGER and the StrobcIume CONTACTOR jack. Up to 20 micro- 
seconds may elapse $eta-een the  Strobotac fIash and the beeinning of 

Approrimate 
Flash 

Duration 

the  Suobolume flash with this arrangement, so a multiple exposure may 
result if the Stsoborac reflector is directed toward the subject. Care 
m t l w  h~ r ~ k ~ n  nnr rn ~ x r ~ ~ r l  r h ~  m ~ x i m u m  f t ~ s h  rates and n p ~ r a r i n ~  

t imes  specified i n  the Strobolume instruction manual {Sections 2.3, 2.4). 

Total 
Light 
Outpur 

(microseconds) 

10 

30 

1 
Continuo~s 

( B C P S )  

1.4 

300 

LOW 

NTENSITY 

HIGH 
INTENSlTY 

Candlepower, 
Intermittent Continuous 

I Operation) 

3000 

GO 

won 

1200 

140.000 

1o,oon,ooo 



section 4 

Exposure D a t a  

When exposed ra the extremely briEht, shorc-duration I ~ p h r  ILashes 
common i n  biqh-speed photographv, photographic emu1sion.j do not 
have constant sensitivity for different exposure r i m e s .  Because of 
chis phenomenon, ca l l ed  "reciprocitv-law failure," the effective f i l m  
exposure is not directly proportional to t h e  product of light intensi ty  
and exposure t ime.  F:lm sensitivity characterist ics  at these exrremelv 
short exposure times vary wideIy beeween f i lm types, a n d  the standard 
exposure i n d e x  ratings u s e d  by manufacturers cannot be used reliably 
to estimate Iefis aperture setrings.  

Several ol the more populsr, higher-speed f i l m s  recommended for 
use with  the Srrobotac are l i s t ed  in Table 5 along with sug~ested guide 
n u m b e r s  for each flash intensiq setting. Notice that  the guide n u m b e r  

must  be divided by the lamp-subject d i s tance  in f ee t  plus 1.5, because 
the Srrobomc beam poduces  che  same effective illumination as if it 
emanated from a point source approximately 18'' hehint1 the ftont of rhc 
reflector. Effective lens apertures calculated in rhis rnnnncr should be 
considered f i r s t  approximations to t h e  best actual camera settings, snd 
trial exposures m i l l  often he necessary to optimize for the  particular 
ref lect ivi ty  and contrast characteristics of the subject being photo- 
pr3phed. 

The recommended photographic guide number for HIGH Intensity 

operatinn of the Type 1532-D Stroboturne is 25 with f i l m  rated at 2SA 
100. This number shou ld  be divided by [Ire lamp-subject distance in 
See: t o  obtain a preliminary f/number setting. 

At  extremely short camera-subject distances,  tht camera lens 

must be moved nwny from the f i lm plane in order t o  bring the subject 
into focus. This decreases the amount of l ight  r-aching the f i lm.  and 
the lens aperture setting m u s t  be adjusted to compensate for t h i s  loss. 
The curve in Figure 11 provides a straightforward m e o n s  For detcrmin- 

inp the amount O F  adjustment required for either a given bellows ex- 

tension nr a given imzpe magnification. 

The Strobotac produces good results rcit'h orchochrornatic as  wel l  
as panchromatic black-and-white f i lms, because a large part nF the  light 
energy emitted by i t a  flash falls i n  the blue-green region where both 
cypcs of f i l m  sre s e n s i t i v e .  (See Figure 12 hot a graphical cornparisan 
of f i l m  s e n s i t i v i t i e s  t o  the spectral content of a xenon f la shtube  e m i s -  



sion .) Orthochromatic films, however, will not take full advantage of 
the unit's output, and panchromatic types may be preferable for appli­
cations where the flash intensity is marginal. 

The equivalent color temperature of the Strobotac flash is ap­
proximately 6500°-7000° Kelvin. (See also Figure 12.) While the bare 
flash may produce acceptable results with color films under some con­
ditions, use of the filters recommended in Table 5 will result 1n 1m­
proved color balance . 

Occasionally, in the photographing of subjects moving at ex­
tremely high speed, the exposure created by the lingering flash "tail" 
(see Figure 3) will cause a slight blur ahead of a moving object's 
image in the direction of its travel. This undesirable effect can be 
reduced with black-and-white film by the reduction of the lens aperture 
and a corresponding increase in the negative development time. Ex­
posure during the higher intensity period of the light flash is thus em­
phasized, and the effective flash duration is reduced. In other words, 
contrast is improved by "underexposing and overdeveloping." High­
speed films usually work best for this purpose because of their greater 
sensitivity to the lower total exposure. 

TABLE 5 

Recommended Guide Numbers for Type 1531-A 
Strobotac electronic stroboscope 

Guide Number 
ASA Low Medium 

Film Type Speed Intensity Intensity 
Index (Hiqh RPM) (Medium RPM) 

Polaroid Types42and52 200 • 15 

Polaroid Type 44 400 • • 
Polaroid Type 47 3000 15 45 

Eastman Tri-X 200 15 30 

Eastman Royal X Pan 1600 27 62 

Eastman Ektachrome E-3 
50 • • 

(Daylight) CC40Y Filter 

Eastman High Speed 
Ektachrome (EH-135) 

160 • • 
(Daylight) with 
CC40Y Filter 

Super Anscochrome 
(Daylight) with 100 • • 
CC20Y Filter *Not recommended. 

:::: guide number 
Effective lens aperture {!/number) 1.5 f lamp-subject distance in feet 

High 
Intensity 
(Low RPM) 

22 

30 

80 

75 

150 

8 

14 

13 

When camera is placed extremely close to the subject. this computed £/number setting should 
be multiplied by the K-factor found from Figure 11 to hnd the recommended lens setting. 
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0 7- 

07 
q 2 

I I i t  I 1  i l  

4 6 S 10 1' 16 2 0  

BELLOWS EYTMSION 

Indicated  aperture = k: x cffectit~e apenure 
L e n s r e f i l m  plnne distanc~ in  inches Rel lows extension = 25.4 X - - -  - - - 

Focnl lenpth of  c;lrnpra l e n s  in  rnil l inietrrs 

Figure 11. Multiplier factor for determining indicoted aperture (correct 
lens f/nurnber setting) from effective aperture (calculated from guide 

number data) when camera i s  locoted close to the subiect. 

4'>06 BLUE 5 0 0 0  GREEN 6COO 7 0 0 0  ANGSTROM UNITS 
z uv  400 500 6 0 0  7 0 0  MILLIMICROFIS 

LIGHT WPJELERGT* O COLOR^ 

Figure 12. Spectral-output diagram. 



f ABLE 6. Summary of Characteristics of Several Cornrnerclally Awai ruble Lighf Sources for High-Speed Photography 

t i gh t  Source 

GK 'Type 1 5  7 1--4 
Srrobowr electrartic 
~ r o h n s c a p r  

GR Type 1 5 3 2 4  
Strohnlumc 

EGLQG hbdfls 514,  
6, 7 Yenon Plnsh IY- 
Iurninstcr Assembly 

EGRrG Model 540  
MlcrofIash 

E G R G  Typc 2307 
Double FIash Light 
Source 

E G & G h l o d c l 1 0 2  
Mulriplt  Micro- 
flash Unit 

EG R G  Type 501 
Hiph-Spccd 
Srroboscopc 

Duration 
IAJCC 

n . H  tn 

3.0 

10 - 
30 

150 

0.7 

11.3 

I 

I 

1.2 

- 
2.1 I 

Max Repetition 

Frequency 
floshcr/rcc 

SOU - I o n l l ,  Jc- 

pendinp on tuhe 

50 cnnrinuotrs 
211 1n Lvtrsts 

of up ts 7 sec 

0. ? 

11. > 

tqiriv3lcnt to 
lfl.008 - 2,000,OflO 
in hursrs of 
two i l a ~ h e s  

25 - 100,000 
~n bursts of 
up tv 20 flashes 

6000 in hursts of 
up 0-8 PeC 

nl lO on bursts a t  
,lp to 1.5 set 

Peak Ligh! 
Intensify 

mit l  ton beam cp 

11.2 to 7 

0.14 - 
10 

1.1 

50 

n . .I 

0.2 

0.1 3 canclIepower 
vitll FY-3 tube 

0.4 candlepower 
w i t h  F S -  3 rirbe 

Lorna 
Vdtoge 
volts 

Photographic 
Exposure Deto 

Lump Jwput 

Energy per Flash 
WOH-qsc 

scc I'ablc 5 

t u i d e  No. 24 Inr 
A M  100 f i l ~ n  

n.3. 

For ?-it lamp-subject miis- 
rance: Pmnmnic-Y-f/R, 
Ilirh-Speed Ektachrome- 
f 5.6 &th CCTOY filter 

For silhouerte yhotoq- 
taphy nnIy (instlfficir~rr 
liqllt for reflecrc,J-liphr 
plrotohrnphv) 

n.a. 

17.3. 

For hi~h-spee , l  panchro- 
nintic f i l m  nnd parnholic 
reflector on I m p ,  ~ u ~ d e  
number is 5 - 10 

- 
Tlme Delay 

Internai:  uncaI~brsttcl, 
20-300 mscc 

External: 100 psec to 
I qec, ~ m c a l i b r ~ r c d ,  
with Tvpc 1531-P2 
Flnsh Dc1av 

rxtrrnal only 

cxternal onIv 

adjusrshle, uncali- 
brnttJ 3 -  1D0n usec 

brrween flashes - 
cnlthrarcct 0.5 - 100 
psec (arcuracv - 
t0.7 p s e r )  

between f l a d ~ ~ s -  
adiustnble 10 pscc 
to 40 mscc 

external only 

r 00 

?:no 

LY1ll 

U OUS t r ~  O.?? 

0.8 - 

If10 

kH.(lO(l 

70Rn 

10,000 

8000 

H 1 

0.12 

1.5 

(1. 4 

- 
1.3 



section 5 

5.1 GENERAL. 

hlany times objects to be photo~mphed a t  I l i ~ h  speed do nnt 

naturally contrast wel l  with t h e i r  back~rot~nrls ,  ~ n d  it 15 difficult to 
achi~ve clear. hi~h-definition pictures of them. Often th i s  situation 

can be greatly improved simply by either a I ieht  or a dark  background 
hehind t h e  immediate ~ubject. If several obiecss or moving parts arc 

being studied sirnultnneousfy, dif ferent  colors or shades  of paint can 

be used  co improve contrast  between them. 

Light co1ored bsckprounds, such a s  whi te  parer nr cardboarrl, 
tenJ to produce troublesome reflections when the tight source and 
camera are ,directed at t h e  subject f rom cetcnin angles .  Relocation of 
the Stroborac may help in these situations, or i t  m a y  be desirable to 

switch t o  a dark, non-reflective backdrop ( b I ~ c k  velvet is abnut the 
best, but any dull black surface may be used). If bright "hot spots" 
are evident, t he  Strobotac should be moved farther away from t h e  suh-  
jecc or the  light heam should be bounced onto the subject f rom a Iight- 
colored, dif fus ing reflector ( w h i t e  matte rapes i s  a good material  for 
t l i is purpose). 

Side reflectors can be used to sdvantaee when one s i d e  of the 
subject is bripFirly illuminated and another sidle I s  da rke r .  Household 
aluminum foil  is a good material for chis as i t  is ~ s s v  ro u*ork wit31 and 

h a s  good reflectivity. I t  wiI1 diffuse light effectivel:.? i f  i t  is IooseIy 
crumpled. t h e n  penrly opened out and formed into a rough reflector 
surface. 

Scotchlite is another reflectinR material  which h a s  many u s e s  irl 
high-speed photography. I t  is manufactured and soId by \linnesnra Min- 
ing a n d  Yanufacturing Company and h a s  t h e  peculiar characteris t ic  of 

reflecting light striking I t s  surface back in the d i r ec t ion  from mhictl it 

came, with an efficiency alrnnsc 200 rimes that of a n  ordinarv white  



surface. Scotchlite is a v ~ i I a b I e  i n  widths  up to 36". p a c k a ~ e d  in rolls 
from 5 to 72 pards long. It ha s  a pressure-sensitive adhesive back in^ 
for e ~ l s y  appIication to flat surfaces. The silver (#3270) a n d  imperial 
white (e3260)  colors are most highly reFlecrive, and consequently most 

u s e f u l  for photographic purposes! 

Recause of i t s  extremely high reflective e f f i c i e n c y ,  Scotchlice is 
an ideal material for marking criticnl portiols of a moving object being 
srudied a t  high speed. A small Scotchlite marker will contrast well 
with its background even under high ambient Iighc conditions, and  the  
relative position of t h e s e  markers c a n  ofren be discerner1 in a photo- 
graph rhat woulJ otherwise be uselesq. 

5.2 AlJXlLf ARY REFLECTORS FOR STROBOTRON FLASH LAMP. 

Then it is necessilnl to rernove rlie Strobotac reflector in  order 
to illuminate I~ard-to-rescl-r spots,  the drop in Light concen t ra t ion  often 
i s  a problem. Ordinary housellold aluminum foil ,  when carefully smooth- 
eiI on a flat surface and attached to one side of t h e  flash lamp with 
c l e m  cement, serves as an effective miniature reflector to min imize  
tllis reduct ion.  B e  sure the flash lamp is  clean a n d  the h r i ~ h r e s t  side 
of the foil I T  placeiJ towar4 t h e  inside of the lamp. B r s c  results  are 

usrlnlly obtained when t h e  foil covers abouc half nf t h e  I amy  between 

the two <park clectrodcs. a s  shnvn i n  Figure 13. 

,4lternativelv, the f l a s h  lamp m 3 v  be chemicnllt- silvered by the 
~ras l lear '  process to proriuce a hiShlvreflectine surface o n  its exterior. 

l ~ n r  furrl,rr information on rht use of Scotchlire, cce Tilliam G. tlyzer, *F.n&inccrinp 
and Ccicnt t l lc  t l iph-5pcei l  P h o t ~ u r a ~ h ~ . " T t l c  \ l acmi l l an  5 o r n ~ n n v . N ~ ~  York. '4fn"York. 
1'362, pp 324-323.  

2 ~ c e  J .  S t r o n ~ ,  "ProreL\ures In Expc!imcntnl Ph\-sics,'  Prcnrice-[lall. Tnr., Nru* Yerk. 
1?43, pr 152-157. 

Figure 13. 
Application of an auxiliary 
reflector to the Strobatran. 



Figure 14. Shock-wave photography 

wi th  o Scotchlite screen. (See Section 5.5.)  

Th is  shadow photograph of o -30-calibre bu l le t  being fired from o Springfield 
r i f l e  c lear ly  outl ines the spherical sound wove emanating from the gun's muzzle. 
In the original photograph, the conical shock layer of compressed air  extending 
bock from the bullet 's nose can be seen; similar shack waves produce ear- 
spl i t t ing sonic booms when iet planes break the sound bcrrrier. 
A 4-foot ref lect ive screen of #244 Signal Silver Scotchlite was located TO feet 

f rom the comero. The r i f l e  
~ C ~ ~ C H C ~ T E  SCREEN w a s 5 f e e t f r o m t h e c a r n -  

era. A 135-mm lens wos 
used at IJ4.7 on Polaroid 
Type 52 p o s i t i v e  f i l m  
(ASA 200). A microphone 
triggered the high-~nten- 
s i ty Strobotoc flash. 

Srrobotoc used a< a point l ight 
source. 'The spark p . ~ p  must be 
or~entod parallel ro t h e  camerw 

I ,' suhject  xis and 3-  close bes ide  
~ h r  camera l ~ n s  a s  po~sihte. 



This mettlod is considerablv more involved and rcqnires scmi-perma-  
nent deformation of the  lamp, but it does provide a superior reflector. 
Suspend the  flash lamp upside down In the silvering solution bv gent ly  
pressing its prongs into a small rectangular block of balsa wood cur 
to fit snugly  on rile inside of a !straight-walled glass beaker. Then ad- 
just the  block s o  that the top of the lamp is immersed and the contacr 
prongs and glass bottom are not.  

After rhe siIver is applied, remove enotr~h oof thecoatingto form 
a window for escaping l i ~ h t  and cover the remaining silver with  clear 
plastic spwy or coi I dope. When t h i s  is dry, paint the silvered area with 
an opaque. flat black paint. Some exterior discoloring may be noticed 

after 3 few hours of ccrntirtuous operation, bu t  the reflectiviy of the 
coating sbouZd remain high tor some t i m e .  

5.3 SHADOWGRAPH PHOTOGRAPHY WITH A SCOTCHLPTE SCREEN. 

<hadowgraph photography i s  a rechnique use<? t n  srudg- i n t e n s e  

shock waves and other fluid distiubanccs of a similar nature.  Dr. 
Harold Edgercon has described3 technique for taking such photographs 
u s i n g  a Scotchrite screen as  a reflective backdrop. For good definition 
w i t h  chis m e t I ~ o J , a n  intense point l i gh t  souscc must bc located ~s close 
to the camera Tens a s  possible. The Type 1531-A Cttobotac is ideallv 
suited for this application. 

The bare Stsobntron l a m p  is positionerl next to and sliphrIv be- 
hind t h e  camera lens as shown in Fieure 14, so that l ight  is reflected 

from the screen back through the subject plane and onto the  f i l m .  
Focus t h e  camera lens s h a r p I y  on the Scotchlite screen, NOT an she 
subject itself, and be sure  there is at least s ix  inches between the 
screen  and the subject .  Sharp density gradients in t h e  fluid sursound- 
inp the subject u~iI1 rhcn show up as  dark I i n e s  against the b r i ~ h t l y  l i t  
screen, so char incense shock patterns may be studied. The further the 
screen is separated f rom t h e  subiect ,  the Jarker t h e  shock pattern wI1I  
appear in the rhotograph, and. of course, the  Iess sharp t h e  subject 
ou t l ine  will  apptar for a g ivcn  depth ef fieid. 

b e  Edgrrton, "Shock-Wave P1mtography at tnrpe Subjects in. Dayfighr," Review of  
Scientific I n s ~ r u m e n t s ,  WoI 20, No. 2 ,  Fehruaty, 1358, p ELI, and also i - l y z e r , ~ ,  
pp 42&42V, i o t  ;l,lilition~l ininfmatian on shsdnwgtaph phoro~raphy and Edperron's 
:ecbn! que. 



section 6 

S i n ~ l e - F l a s h  Photography 

6.1 GENERAL. 

This s imple  form of high-speed phntoeraphy is commonly used for 
t a k i n ~  a single picture of a rapidly moving object in some position of 

particuIar interest. First t h e  camera shutter  is opened completely, then 
the Strobotac or Stcnbolurne is flashed once to expose t h e  f i l m ,  and the 
shutter  is closed again. The subject  w i l l  be "sreppedW and photo- 
graphed i n  che  pasition it occupies a t  che instant the strobe famp 
flashes. There are innumerable i n d u s r r i ~ l  applicat ions for single-flash 
photography in the stud!$ of high-speed phenomena, and pictures taken 

in this  manner have l~elped ro s o l v e  many puzzling problems. An ex- 
cellent example of rhistcchoiqlme is the series of n m i I k  J ror  srlashine 
on a hnrd s u r f ~ c e  (see Figure 15). 

6.2 TRIGGERING THE LIGHT SOURCE, 

One of t h c  most difficult problems in  s ing le - f l a sh  p h n t u ~ r z p h y ,  
and indeed in all high-speed photo-instsumentatinn work, is ro fire t h e  
strobe l a m p  a t  t h e  proper time t o  freeze the subject in the desired posi- 
t ion.  If the subject's posi t ion i s  not  critical t o  thc photograph, t h e  
l if iht  m a y  b e  flashed ? c  a random r i m e  and the u s e f u I n e s s  of the picture 
wil l  not su f f e r .  An example r n i ~ h t  b e  a photograph of the spr3y pnt tern  
formed by a hydraulic nozzle, or of a stream of wster from n fnucer 
(see Fi~ure 16). But  i f  the  suhiect moves cyclically ant1 m u s t  he photo- 
graphed ac a particutar poinc in its cycle, t h e  l ight  f l a s h  must he s y n -  
chronized to  its m o t i o n .  

The particular scheme usell t o  provide a t r i ~ ~ e r  s i v n n l  depends 
on the nature nf the subject, and considerable ingenuity ma!, be exer- 

cised i n  l e v i s i i ~ g  simpre, yet e f f e c t i ~ l e  r r i ~ ~ e r i n g  circuits .  Anv ar- 
rangement can be used t h a t  w i l l  provide an electrical pulse or a con- 
tact  "make" or "break' as required by the Iighr source being used. 

As  an illustration of t h e  wide  variety of schemes char can be 
used to flash the Strobocac at a precise time, consider t h e  problem of 



Figure 15. These iewelled crowns, which show a drop of m i l k  splsshing 
on a hard surface, were made in the light of  precisely t imed flashes from 

the Strobotac electronic stroboscope. 



Figure 16. Single-f lash photographs of a huusehold wnter tap, showing 
the effects of a de-splash attachment. Exposures were mode on Polar- 
oid Type 47 f i lm a t  fJ22 wi th  a single, high-intensity Strobotoc flash. 

photographing a r i f l e  bullet traveIinp approximately 3000 feet per 
second (roughly three t imes the speed of sound). T h i s  projectile travels  
ahour 36" in  I millisecond (one thousandth of a second) o r  0.036" in  1 
micrasecond. Since  approximately 0.1" would be traversed during t h e  
highest intensity  fIash duration of rhe Strobotac, and t h i s  movement 
would blur the  subject, the highest  speed (Low Intensity) f lash posi- 
tion should be used. 

One of the s implest  trig per in^ methods is ro f ire che bullet at a 
th in ,  taut wire connected to  t h e  Strobocac INPUT terminals. The lamp 
wi l l  flash a f e w  microseconds after the  wi re  severs (with RPM contror 
fu l ly  c lockwise )  s o  the camera and lamp reflector should be aimed just 
past the contact  wire.  

AlternativeIy, one can construct a contact closure sensor by 
gluing two strips of metallic foil on opposite  sides of a small circular 
hole in a thin piece of paper card, and then connecting wires from these 
foil str ips  to the INPUT terminals. When a bullet is fired chrouah the 
card, i t  momentarily closes the circuit between t h e  cnFo foil strips and 
c h i s  conracr closure triggers the Strobotac. The inverting circuit of 



Figure 5 would probnbly be necessary to keep t h e  rime delcly to an nc- 
ceptnble min imum.  TR-o flexible metal strips separated by a small air 
space m i g h t  be used as a contactor in a s i m i l a r  fashian. 

A rhird means of providing a n  e l e c t r i c a l  trigger pulse might 
u t i l i z e  a photoelectric cell and a Iighc beam. The Type 1536-A Photo- 
electric Pickoft is suitable for a muIcitude of these synchron iza t ion  
schemes. Some professional bullet-timing devices a lso  operate on th i s  
principle, and they  are capable of supply in^ trifiger pulses to the 
Strobotac. 

Another technique which  r e q u i t e s  no physical contact with the 

bullet is t o  u se  n microphone snd an  a u d i o  nrnplificr, sucli a s  t hose  
found in phonographs or snund-rnoric  projector^, to provide a trigeer 
pulse. (See pa,ee ii.1 The General Radio  Type 155 1-C Sound-Lcvel 
'deter can be used as R self-contained sound sensor to drive t h e  Strobo- 
tac. 

Ti th  anyof ehese dour methods, the t i m i n ~  of the flash can be ad- 
jusred hv changing she  dismnce between t h e  firearm an 1 tile trigger 
sensor (foil-covered cnrd, microphone, photo-cell, etc.). .A microphone, 

for example, m u s t  be moved slightly more than a font  away from rhe 
Run to delay the l i ~ h t  flash one t h o u s a n d t h  of a second. (Sound travels 
one foot through air in  about 0.3 milIisecond.) The Type 153 1-P2 Flash 
Delay provides a wide range of conrinuously vsrlable r i m e  delay and 
is extremely conrenient to use rs a delay-timing device. 

\?a rixble-reluctance proximity pickups (rnagneric pickups) make 

i d e a l  synchronization sensors lor m a n y  applications.* These devices 
produce a s m a l l  electrical pulse when ferrous material (iron, s tee l ,  
magnetic allcrvs, etc.) is rapidly passed cIose by t h e m ( w i r h i n  a fraction 
of an inch). This putse, when amplified and fed ro the t r i ~ j i e r  c i r c u i t  
of the Strobotac. cnn be used as  a precise t i m e  r e fe rence  for svnchro- 
nizatian purposes. The Flash Delay will operate directly f rom a low 
amplitude pulse of t h i s  nncure, making an additional amplif ier unneces- 

sary. Usual ly  the pickups can be m o s t  conveniently mounted near a 

ro ta t ing  gear or a s p i n n i n g  whee l  wi th  me ta l l i c  spokes, but a wide 
range of  triggering schemes is possible with these units. 

6.3 LOW AMBIENT LIGHT CONDITIONS. 

When single-flash photographs are taken in a darkened room, the 
camera shutter may be left open for a considerable period of t i m e  wich- 
out tog pin^ t h e  f i l m .  If the shutter is equipped with a "Time" or 

* A  wide variety of v s l i a b l ~ r e ~ u c ~ a r r c e  pickups  are available from Elecrro Products 
Laborarorirs, Inc., 450 1 North Ravenswood Avenue, Chicado 40, Illinois. 



"BulbH setting. it may be opened manually, he ld  open until the l i f i I l t  

flash can be conveniently trigeercd (usua l ly  by the  object being photo- 
graphed, a s  outlined in the previous section), and then manually closed. 
Otherwise, use the slowest available slluster speed to m i n i m i z e  svn- 
chsonitation difficulty. 

6.4 HIGH AMBIENT LIGHT CONDITIONS. 

It is not always feasible t o  make a single-flash photogmph in a 

ilarkened reDm, and  shutter speeds m u s t  be fast enoufilr to keep f i l m  
exposure from ambient Iipht down to 3n acceptable level. Frequently, 
r h e  m o s t  convenient means for accomplishing rhis is ro use a camera 

A-ich built-in f lash  synchronization contacts and to trigger thc fight 
source directly from those contacts. This technique is useful if t h e  
r i m e  relationship of the light flash to themnving subject is nar crirical. 
but it  is aImost impossible ,  for instance, to snap a camera sliuttcr 

mantially ac the proper t i m e  t o  photograph R p ~ s s i n g  bulIet. 

If ambient l iqht  cannot be reduced to  a level permittinq manual 
shutter reIease s i c h  longer exposure t i m e s  a s  described earlier, it wi l l  
be necessary to syncfronize the triggering of the camera shutter ,  as 
well  as the l i ~ h t  Flash, with the subject's motion. UsuaITy tlris can be 
accomplished with an electrical ly  operated shutter-release solenoid on 
the camera with electrical signals used rt?l reiease t h e  shutter and trig- 
get the light source. Tlzese devices are available as accessories fur 
mnst press cameras, and there are severnI units so:d for adapt in^ older 
cameras for flash photsgraphy. A competent camera repairman should 
instal l  the device sefected. 

When h i ~ h - s p e e d  repetitive motions are beinp photographed, the 
single-flash feature of the  Type 1531-P2 Flash  Delay permits the use 
of reIativeIy fast shutter speeds, with a consequent reduction in ex- 
posure from ambient l ight.  See Section 2.3 for a compiete description 
of the methodo1ogy. 

Cameras with focal-plane s h u t t e r s  are usually nor satisfactory 

for use under high ambient light conclitions,  b e c a u s e  the f i l m  Frame 

must be completely uncovered for exposure at the instant the light flash 
occurs. Most fecaI-plane shutters do not expose the entire f i l m  f r a m e  
ac one t i m e  except at extremeIv s l o w  shutter speeds, and overexposure 
then becomes a problem. 



section 7 

Mult ip le-F lash P h o t o g r a p h y  

7.1 STATEONARY FILM. 

Frequently i e  is desired to observe a sequence of high-speed 
events in order to 5mdy the rtrlntinnships heeween them, and a series 
of single-flash photographs either is unnecessariJv difficult to obtain 
OF wil l  not displav the desired information in n n  eas i ly  processed form. 

Llnder these circumstances, a multiple exposure on a single film frame 
nf ten  satisfies bath requirements  wel l .  

For example, suppose it is desired to measure the angular veloc- 
itv and acceleration of 3 rotating shaft,  perhaps a s  a first step i n  
determining the t ransient  characteristics nf n load being driven by the 

shaft.  Ff one end of the shaft is sccessible.  t h i s  can be easily ascom- 

plished by making a single muEt1p1e exposure of one shaft rrevorution 
with the Strobotac and observin~ the sequentid position of a mark on 
the periphcrv of the shaft.  

The simplest technique tor securing this photograph would be ta 

set the Strobotac ac a uniform f la sh  rate and the camern shutter speed 

at  the t i m e  rcqulred for on? complete revalutian. The camera can then 
be focused on she shaf t  end and the shutter tripped at a random r ime,  
so no synchtonisrn wit11 the  shaft is necessary. The time between light 
flashes is equat to the t i m e  lapse between the shatr positions indicated 
by the  sequential mark positions on the f i l m ,  and th i s  information can 
be reduced to yield both an~ular  velocitv and accelcrasinn measure- 

ments. Details of a sample problem and data reduction calculat ions 
are presented in Figure 17 t o  illustrate the techniques involved. 

This method can be used to make a wide variety of measurements 
under a host  of different conditions. Linear translation can be studied 
as easily a s  rotatmn, and many complex motions can be analyzed 
quickly and inexpensively in th i s  manner. 

R multiple-exposure photograpli can also be made by opening the 
camera shutter rnanuallv, trigccrine the fIash in svnchron i sm with vari- 



ous positions of the subject being photographed, and then closing the 
shutter again. This method is useful when zhe subject positions being 
studied occur at irreguIarly spaced time intervals so that a constant 

Strobotac flash rate cannot be utilized, 

Multiple-flash exposures can be useful for advcctisiog purposes 
as well  as  for scientific work. Figure 18 shows how a simple, easiIy 
obtained ii1ustrac;on can lend eye-catcliinR appeaI to what otherwise 
might be a run-of-the-mill promotiooal piece. 

7.2 MOVING FILM. 

The second major method for photographic recording of sequen- 

tial high-speed events utilizes multiple-flash exposure of a moving 
f i l m .  The Strobotac flash "staps* the motion For each successive frame, 
and no mechanical shutter is required under low ambient light condi- 
tions. (See Figure 99.) Many types of cameras can be modified to 
transport the FiIm at the desired speed. 

Hi&-speed cameras, such as che WolIensak "Fastax",  can be 
adapted for muItiple-flash photography by locking the shutter open or 
removing the shutter assembly. These cameras are capable of moving 

(Continued on page 37.) 

Figure 18. Muhiflash photograph of a semieonduetor diode being ot- 
trocted to a magnetic Daymare Diode Clip. 



Figure 17, Multiple-flosh analysis of shaft rotational motion. 

A~=&NGUCAR DISPLACEMENT kt\ OF SHAFT AT THE 
INST~NT OF ~ T H ~ I G H I  

DIRECTION OF FLhSCl 
SHAFT ROTATION 

Typica l  pattern obtoined f rom a multiple-flash photograph of the end of o 
moving shaft. A single bright mark ptnced on the shaft's periphery re- 
veals ~ t s  posit ion at the instant each Strobotac f lash occurs. 

Given: Average ongulnr velocity = 1300 rprn = 10.8 ' per mil l isecond 
Strobotac flash rate = 21,600 flashes per minute = 12 flashes 

per revolution 
t, = time between Strobotac f lashes = 2.78 mill iseconds 

Camero shutter speed approxi motel y 1 /30 second 

To determine the shaft's average ongulor veloci ty at different positions, 
measure the angles between adiacent mark posit ions on the photograph 
and div ide by t,. Consider this overage value over each displacement 
interval a s  the approximate angular veSocity at the midpoint of the inter- 
val. Since this example i s  syrnmetricol, only holf of the c o l c u l a t i ~ n s  
need be made. For example: 

Angles 
Measured 

From 
Photograph 

- -- 

A1. (360-AII) = 21' 

( : I?-A1), (AI l -Aln)  = 24" 

(A IO-A9)  28 O 

( A 4 - A 3 ) *  (A9-As) 32  '' 

( .k5-Aq),  ( A 8 - A T )  = 36 ' 
.( A ~ - A ~ ~ ,  ( /i7-.4~) = IC, 

Average 
Angular Velocity 

In Degrees 
Per Millisecond 

(Ang le/t,) 

\Yt1 .,J = 7.55 

Vt2,1 = 8-63 

W j e 2  = 10.1 

Uf4,3 = 11.5 

K5,4 = 12.9 

rnfims = 14.0 

Sh of t 
Displacement 
At  Midpoint 
Of lntervol 

l o c ,  350" 

33 ', 3 ~ 7 ~  

59'. 301' 

89O, 271" 

123 O ,  237 " 
i60° ,  200' 



Figure 17. (Continued) 

Angular acceleration may be  computed in a similar fashion from these 
angular velocity data points, e.g.: 
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F i g u r e  19. Dynamic red is t r i bu t ion  of stress i n  a rock model 
undergoing fracture. 

I I , .  : ; :  - ,.:, . . I ! . , . ' . .  . - , ,  r . '.. , - ,  , : I ,  : 8 "El!,., -:+,, : , ., > *  .. .. . - - ...!. 
P ~ e t n t 1 . 8 ,  L(,u~k ~ < , i r ~ r . ? . ~  

A series of multiple-flash, moving- ROC* MODEL 

film, high-speed photographs taken -: REFLECTIVE CEMENT LIVER 

with the Strobotoc electronic strobo- P W O T O - E L ~ S T I C  LAYER 
scope t o  show the dynamic redistri- 
bution of stress i n  u rock model vn- ,,,CfRCULAR rnLLIRIZERS 

dergofng fracture. The model is  o 5- STmg0r4C ' - MONOCHWhf lC  FILTER 

inch-square rock plote, 'A-inch thick, 
4 

- - .*ME.. 

with o 3i-inch-diarneter circular hole 
in  the center. tt was subiected to 
vertical stresses ranging from 33,000 lb/sq in, i n  (a) ta 40,000 Sb/sq in. i n  (a) 
end (f). The lateral slress was held at 0.15 the value of the vertical stress. 
The strain patterns were photographed by the hirefringen? layer technique in 
whkch a Ioyer of photo-elostic plastic i s  bonded onto the surface of the modei 
with a reflective cement. The photo-elostic pattern induced in the layer by strain 
i n  the model is  then analyzed with reflected polorizrd light. The monochromatic: 
f i l ter shewn in the d ~ o ~ r a r n  was o Wratten 77, which pusses l ight of 5467 nng- 
strom unit$. 
These photographs were taken on l l fcrd HP3 35-mm f i lm (ASA 160) wi th  a Leico 
Summicron 50.mrn lens set at f/2, The Strobotoc was set  at 300 flashes per minute 
(3-microsecond exposure), and the f i  Irn was t~onsported past the lens at 5 inches 
per second with on oscillogreph camerv. No shutter was used. Bath the camera 
and the Strobotoc were opproximotely three feet from the subiect, as  shown in 
t h e  sketch. 



t he  f i Im  past the camera Iens a t  a high rate af speed so t h a t  t h e  i n -  
tern31 Srroborac oscillator can be used  to provide exposure rates a s  
high as 410 frames per second. ConsiderabIy higher frame rates can be 
achieved i f  the Strobotac is triggered by an external oscillator. 

If i t  i s  desired to projecc multiple-flash f i l m  strips i n  a standard 
movie projector to observe a high-speed event in slow motion,  the f l a s h  
r a t e  must be synchronized with f i lm speed t o  produce the proper frame 

spacin~. Both the Fastax and Mil l iken* high-speed cameras may be 
f i t ted with smal l  variable reIuctance pickups mounted c l o s e  ra a f i l m  
sprocket w h e e l  to deIiver pulses synchronized with the rate of f i l m  
travel. When she Strobotac i s  triggered from these synchronized pulses,  
the exposed tramps can be properly spaced on t h e  f i lm seeardless of 
the Film speed past the Iens. A s i m i l a r  technique couId be used to  

adapt other cameras for taking high-speed movies. 

Manufactured by the 0.  B. Milliken Company. I 3 1  Norrh Fifth Avenue. Arcadia. Coli- 
fornia. 



Balloons bursting when pricked by o pin - Photos taken using Poloroid 3000-speed 

film in Lond comero. Microphone ond amplif ier used to pick up sound of burr) and to 

trigger Sirobotoc flush I n  dark room, with camera shutter opened rnonuolly jusf before 

pin enters bolloon. Courlesy of E. F. Sufherlond. 

Rip just starving. Microphone was 
ploted close to bollcon. 

Balloon olrnost completely col- 
lapsed. Flosh wus delayed com- 

1 
pored to previous photoqroph by 
placement of microphone furlher 
away from balloon. 

b 
- - 

I 
Ballcan wos first blown up with 
cigarette smoke, ond Oorh was 
deloyed 10 allow bolloon 'skin' to 
u n w r a p  i t se l l  completely f r o m  
around its ' f i l l i n g '  o f  smoke.  
Collapsed balloon is behind smoke 
cloud. Note tho! Ihe balloon un- 
wmpped itself with very li lt le dis- 
turbonce of the smoke. 



Tin con on wooden cart with roller-skate wheels 
rolling olong level surfoce and being occeleroted 
by a falling weight ottoched via string end pulley. 

Tin con fulling from o mognetic 
release, 

Multiple-nosh photographs token in the clorsroom help teuch the concept of accelero- 

tion. With o Polaroid Model 9SR camera and Type 461 film, a positive trans- 

parency is available for projection (life size) o few minutes ofter the students see the 

original ocfion. Camern setting - 13: Strobotac noshing rote - 600 rpm; camera and 

Strobotoc side by ride, 20 feet from object. Courtesy of Mr. Bromwell Arnold, Lincoln- 

Sudbury Regional High School, Mossochusetfs. 

Rapidly moving bubbles of hu- 
man blood (plusme ond red 
cells) ond oxygen in on experi- 
mental apparatus for studying 
improved methods of blood oxy- 
genotion by heort-lung mo- 
chines dur ing  open-heort 
surgery. Photogrophs such or 
this ollow determinotion of the 
bubble rites, figurofions, ond 
number per square inch. Covr- 
tesy of Dr. C. Lloyd Cloff, 
Direcior of Research, Single Cell 
Research Foundotion, lnc., Ron- 
dolph, Mossochusetrs. 



Use of dry-ice pucks on smooth, level surface and multiple-flash photographs to 

illustrate fundamental principles o f  physics in educotionol fi lms. Courtesy of Educo- 

I tionol Services, Inc., Watertown, Morrachusetts. 

S l ~ d ~ n q  puck pu l l r d  by s t r~ng at right orioles lo i t s  direction o f  mot ion changes direc- 

t ~ o n  but not speed. String is fastened to puck by  a rubber ring, which stretches when 

force is applied. Top photograph shows an abrupt change i n  direction caused by o 

br ief  pul l  on the string. Photogroph below shows circular mofion with a constant 

deflecting force (constant distortion of the rubber ring). Flashes were ot one-second 

intervals. Used in the PSSC film Deflecting Forcer. 



Sliding pucks containing cylindric01 magnets oriented for mutuol repulsion are used to 
illustrate the conservotion of energy in elastic collisions. Photogroph ot top shows the 
reduction of speed and kinetic energy as one puck approaches the other, and anolysis 
shows that this energy i s  stored i n  the magnetic field of the pucks. Photogroph below 
shows the 'explosion' which occurs when the two pucks, originally held closcly together 
by a string, ore allowed to separate by burning of the string. Quantitative data 
obtoined from anolysis of the first photograph enabled o prediction to be mode of 
the Rnol kinetic energy produced by the experiment shown in the second photogroph. 
Floshes here were at 0.1-second intervals. Used in the PSSC film Elostic Collirionr and 
Stored Energy. 



Spindle on a textile spinning frame at opproxi- 
mately 8000 rpm showing 'ballooning' of t i lo-  

ment. The ring traveler con be seen at the 
lower right of the spindle just where the Ala- 
ment leaves the spindle. 

Close-up, single-flash photographs of a textile 
ring troveler showing its angler of orientation. 
The left photograph shows the side view of 
the troveler ond the right photograph the lop 
view. Rotation speed of arsociated spindle war 
10,030 rpm, and linear speed of troveler 
around the 23h-inch-diometer ring was 120 ft/ 

sec. Type 1536-A Photoelectric Pickoff operated 
directly from the S/16" x 1/16'1 traveler passing 
by. Traveler movement was 0.0005 inch during 
3-psec flash from Strobotac. A 35-mm camero 
with 140-mm lens set for f/5.6 aperture wos 
used. Courtesy of Whitin Machine Works. 

Shuttle in a textile loom just 
starting on i l s  flight across the 
loom (traveling toword the 
left). Behavior of the thread 
can be clearly seen. 



SKF Industries has developed o photoelastic technique for measuring stresses on the 
cage of o rolling bearing while the beoring is operated under various conditions of 
speed ond load. A layer of birefringent plastic is cemented to the outboord side of 
the cage by means of o reflective adhesive ond i s  illuminated by polarized stroboscopic 
light, synchronized to the rotational speed of the cage. The light posses through o 

Polaroid filter (polarirer), through the birefringent plastic material, i s  reflected by 
the reflective adhesive, and passes bock again through another Polaroid filter (analyzer) 
lo comero. Grid lines drawn on the specimen itself assist in interpreting the photo- 
elastic stress pattcrns. Owing to the large omount of attenuation olong the light 
path from source to camera in this application, many flashes of the Strobotoc ore 
necerrory to expose the film adequately for eoch photograph. Therefore, precise 
synchranizotion of the light nosh with the rototion of the bearing i s  errential This 

was obtained by meons of a Type 1536-A Photoelectric Pickoff end a Type 1531-P2 
Flash Deloy, which ollowed any desired section of the cage image to be positioned in 
front of the lens. The 0" and 75" isoclinic photographs indicole stress direction. 
The 45' isochromotic photogroph indicates stress mognitude. Zeiss Contorex cornero 
with 135-mm lens and an X1 green filter to produce monochrornotic light at the 
camero. Comero set ot f/d ond 8-second exposure and located 4 feet from specimen. 
Kodok Tri-X film. Courtesy of SKF Industrres, Inc. 



' Mcrlion study of flipped 
stick.  Multiple-flush photo- 
graph ot 100 flasher per 

I second. Courtesy of Horold 
E Edgerton 

Underwoler photogrephr of propeller cavitation in a k t  water lunnel. Photograph 

obove shows well defined lip vorbex cuvituhon on o single propeller. Photograph 

below shows cavitofion on a poir of covnferrofofing propellers. Two Type 1532 Strob- 

olumes were used as the light source. Comeru wos a 4" x 5"  Grophic View I I .  



Smoke streoms in  a wind tunnel can be used to show turbulence putternr. The smoke 
i s  produced by the coking af grain straw ond i s  introduced just upstreom of antiturbu- 
lente screeninq. It flows with the air streom over ond around the model 0 7  speeds 
ranging from IS 70 175 fk/sec. Photographs ore token through a transparent section 

in the side of the wind tunnel. Photograph obove shows o propeller rofoling ot 
4085 rprn with blade pitch set for best rate of climb and air speed ubout 45 lt/sec. 
Phorcgraph below i s  of a spinning basebal!, showing Mognus Effect, which couses its 
aoth la be curved. Courtesy of Professor F .  N. M. Brown, Univeraify o f  Nofre Dome. 



An 8-inch tircvlor-saw blode 
rotating ot 3450 rpm. Left 

r i d c  of b l a d e  oppeorr 

1 ~ r v d y  of  corn-follower 
1 bouncing oction when 

cam rotales above o ' critical speed. Photo- 
groph ot le f l  was token ' 

blurred due to exposure un- 
der steady l ight directed 
only of that side, while 

r igh l  side appears station- 
ory, with minute surface 
rcrolcher cleorly d e f i n e d ,  

u n d e r  the 0.8-microsecond 
Rash of the Strobotac. 

, under steady lighl. Pho- 
lograph 01 right, taken 
using 0 single Strobotoc 
Rash, shows cam IoTlow- 
er o t  height of its 
bounce. 

Spray poltern of diesel fuel- 
i n j e c t i o n  n o z z l e .  W i t h  

I ~uiroble  photogrcrphic tech- 
nique slnd Iorge-scole pho- i tographs. such pic+vrcs con 
be used i n  estimating drop- 

let sire ond size dirlribution. 

, 

I 



Rod mounted on spring shock mount vibrating on vibration table. 
Photogroph ot left under steody light shows amplitude of vibration. 
Photogroph at right war token with o single Sfrobotoc nosh. 

Photograph of label-inspection proc- 
ess with label strip moving ot 1000 
ff/min. Courresy of Wyeth loboro- 
torier, lnc.  



Fill ing carrier on o high-speed shuttleless loom photographed 

at the end of o poss into the shed formed by the warp threads. 

Courtesy o f  Draper Corporation. 

Multiple-nosh stroboscopic photoqrophs ore on a id  i n  teoching violin technique. The 

frozen imoges help l o  onalyze and corrcc' posture, hond attitude, ond motor skills such 

os bowing ond fingering. To produce the photograph at the right, a neon bulb was 

attoched to the bow to show o continuous poth or  o supplement to the multiple imoges. 

Courtesy o f  Dr. Louis C. Trzcinski, University of Nebraska. 



Study of effect of strong transverse clectr~c fields on 
I o l l ~ n q  l iquid drops, os m ~ g h t  occur in rain clouds. 
Mult ip le nosh photographs were takrn  a7 a Slrobotac 
floshinq rote o f  700 noshes per minute while a drop 
o f  milk fc l l  belween two melol platcs charqcd l o  creole 
o freld strength o f  10 kv/cm. Thc drop stretches out os 
11 falls unt i l  a d i rchorq~ng spark occurs, aplcr which 
surfocc tension pulls r l  toqr lh r r  oqoin. Royal X 
4" x 5" rhcet film dcvctopcd in D76. Courkery of 
David C Eldrrdge, Edwnrd M Skinner, and  Iorncs 
Tsepar, Andover High School, Marsochuset~s 

Shadowqrnphs of o bullet passing through o soop 
bubble filled with Freon-12. A Strobotoc was used 0s o 

point source by  removol o f  the reflector ond oriento- 
Iron o f  the Rosh lamp so thot the arc of Ihe nosh was 

in  line with the direction of  the subject and  about 

three yards distant. Instead of a camera, a Polaroid 

4 "  x 5" film bock with Poloroid 3000 film was placed 

31/21' from the bubble on the oppori te side from the 
l ight source. The flash was t r~ggered by means o f  a 

microphone. Pholoqraph below shows bullet cnlerinq 

bubble and the ~nlcnr i f icot ion of +he shock wovc in Phc 
F r e o n - .  Photograph o+ bottom show, anothcr b u l i ~ l  ~ 
leovinq o bubble, with stronq lurbulence in 115 woke. 

Couriery o f  Dovid C Eldridge, Edward M Skinner, and  
lamer  Trepor, Andover Hlgh School, Mosrochusetfs 



Combuslion study of twin, ostil- 
lot ing gas flumes using schlieren 
lechnique und ~troboscopic lighf. 
Refledor of Strobofat was re- 
moved so !hot the nosh Iump 
arc would approximate a point 
source of l ight. The porollel l iqhf 
rays produced by the schlieren 
technique refroct differenfly a s  

they poss through differenk re- 
gions of the n o m e  having dif- 
ferent density grodienfs, thus 

producing l ight ond dark areas 
in Ihe  phofoqroph. Role of flome 
pttlrafion wos twelve cycles p e r  

second; role of  s f robascop ic  
flashing war 200 per second. The 

succession of single imager 

shown in the photogroph at 
le f t  wor token wi ih  a streok 

corner0 of constent film speed. 
Courterr of Mr. Jon Kelly, M 1.7. 
Engine Loborotory. 

Single 16-mm frame from color motion picture sf mill ing- 
machine cutter oction. 



Multiple-flash stroboscopic photogrophy used to frock down the specific sources o f  
noise i n  o textile loom for the purpose of noise reduction. Photogroph above shows 
the setup with Strobotac, camera, cnd o f  loom where shuttle fl iqht terminates, and 
microphone to pick u p  noise. Other equipment, not shown, includes a duol-beom 
cothode.roy oscillogroph, a photoelectric cell, two pulse generators, and  an  oscillotor. 
The photoelectric cell detects the opproach o f  the shuttle and triqqers the oscillogroph 
sweep ond the first pulse generotor, which i n  turn triggers the second pulse generator 
o f fer  o delay long enough to ollow the shuttle nearly to reoch its deceleration point. 
The second pulse generator acts as o "gate" to ollow the oscillotor to tr igger o burst 
o f  obouf 17 floshes from the Strobotoc at a rote of 500 floshes per second. Photogrophr 
ore foken i n  a dork room, with the comer0 shutter controlled manually. 

Photogroph below shows shuttle with white flog to mark position. At lower lef t  is 
a multiple-nosh stroboscopic photogroph showing the shuttle's white f log as the shu?tle 
derelerotes. At lower right i s  0 photogroph of the oscillogroph screen showing, on the 
upper trace, the timing o f  the l ight floshes in relotion to the noise level detected by the 
microphone and  shown on  the lower troce. 

Anolysis of these photographs ollows o definite correlation to be made between decel- 
erotion ond instontoneous noise level, or o result o f  which the noise-control engineer 
con leorn where effort to reduce noise con most effectively be applied. Courtesy of 
Mr. Allen I .  Cudworth, Liberty Mutual Insurance Company. 



Stvdy of thrend behavior in high-speed sewing rnochine. Mechine speed wor 5000 
stitcher per minute; hook speed wor 10,OM) rpm. Photogroph obove shows setup using 

Linhoff 4"  x 5" with Polaroid film, Stroboloc with otvoched Flosh Deloy, ond sewing 

muchine (ihe bore of which i s  cut owoy lo expore the ports undernealh). Photograph 

at  lower left shows hook uction on thread at a specific phnse selecfed by means of 
the Ffash Deloy. Photogroph at lower right i s  taken from n higher angle so 0 s  to show 

the stitch-forming action just under the sewing surface. Courtesy of The Singer Company. 



Bibliography 

The following sources constitute a reasonabIy representarive 
sample of availabIe reference materials dealing with subjects pertinent 
ro high-speed photography. They do not represent an exhaustive lisr- 
iog, but most contain biblio~raphies of their  awn which, taken together, 
provide extensive coverage of the field. 

Aspden, Ralph L., Electronic Flash Photography, The Macmillan Com- 
pany: New York, New l'ork, 1939. 
(Contains d e s i ~ n  and applicarion data, an equipment summary, and 
descriptions of several specialized techniques. Probably most use- 

ful to  the scientist or photo-instrumentation enpineer.) 

Castle, John,  "The Photographic Response of SeveraI l-IighBpeed Emul- 
sions at  Very Short Exposure Times," Photographic Engineering, 
Vol 5 ,  No. 3, 1354, 189-194. 

Castle, J. and J .  H. Febb, "RcsuIts of Yety Short-Dutation Exposures 
for SeveraI Fa st Photographic EmuPsions," Pf.otographic Engineer- 
 in^, VoZ 4, No. 2, 1953, 51-59. - 

Chesterman, 8, Dergck, The  Photographic Study of Rapid Events ,  
CIarendon Press: OxFord, England, 195 1. 

Collins, R. B. (ed.), Third InternationaI Congress on High-Speed 
Photography, Butterworths Scientific Publicxtions, Ltd.: London, 
England, 1957. 

Courtney-~ratr, 1. S., "A Review of che Methods of High-Speed Photog- 
raphy,- Reports an Progress in Phys ics ,  Vol 20, 1957, 379-432. 

Eastman Kodak Company, KODAK Reference Handbook: Rochester ,  
New Vork. 
(Several loose-leaf voIumes contain individual booklets covering 
practically every phase of photography. An invaluable reference.) 

Eastman Kodak Company, SchIieren Photography: Rochester, New York, 
1960. 
(ExpIains t h e  basic schlieren method and describes severaI sys-  

t e m s  for raking schlieren photographs. An excellent primes on the 
subject.) 



Edgeston, Harold E-, "Shock-Wave Photo,grsphy of Lsr,ce Subjects in 
D a y l i ~ h t , "  Review of Scient i f ic  Instruments, Vclt 23, No. 2 ,  Febru- 
ary, 1958, 121. 
(Describes Ed~e r ton ' s  method for makinq shadow photographs et 

shack-wave patterns using a reflective ScotcbIite backdrop.) 

Edgerton, Harold E. and J a m e s  R .  Killian, Jr., Flash! see in^ the Un-  
seen Ry UTtta High-Speed Photography, 2nd edi t ion,  Charles T. 
Rranford Company: Newton, .\las.jachusetrs, 1954. 
(Recommended for beginners and experts alike. d t rue classic From 

both scientific and artistic standpairits, t h i s  book contains the f in-  
est colIection of oriyinaI high-speed photographs ever  puhIished. 
It s t i m u l a t e s  a wealth crf ideas.) 

General Radio Cornpqny, Operatina Instrucrion \lanual, Tvpe 1531-A 
~trobntac@e tectronic stcohoscope, Form 15 31-0 100. 

General Radio Company, Operating Instruction LianuaI, Tvpe 1532-D 
Serobotume, Form 1532-0100. 

Renney and Budlev (ed.). Handbook of Photo~raphy, Thittlesev House: 
New York, 1339. 
{A standard reference for t h e  professional photographer.) 

Hyzer. Wi PTiarn G., Engineering and Scientific Hi$-Speed Photopraphv, 
The MacmitIan Cornpony: N e w  York, New Yosk, 1962. 
(Contains an exceIlent chapter on Techniques in High-speed 
Photography and offers a thorough, cornprellensive sumrnorv of 
modern equipment and methods.) 

Jones, George A., Higfi-SpeedPhotographv, Its Principles and Appli- 
c a x i  Chapman & Hall, Lcd.: London, England,  1952. 
Also published by John Wiley & Sons, Inc.: New York, New Yark, 
1352. 
(An exhaustive presentation of equipment and techniques devtIoped 
2 0  date, along with some applications data.) 

Laue, Eric G., "A  Strobe-Control System For Motion-Picture Cameras." 

Jet Propulsion Laboratory, CaIifornia Institute of Technology: 
Pasadena, C s l i f ~ m i a ,  Memorandum No. 20-95, 1954. 

\fees, C. E. Kenneth, The Theory of the Photographic Process, revised 
edition, The h!acrnillan Cornpanv: New ~ o r k , ~ e w  York, 1954, 
( A  highly technical reference most useful to the photochemist or 
experienced f i l m  processor.) 

NebIette, C. B., Pho top r~phy ,  Its Materials and Processes, 2nd edition. 
D. Van Nostrand Company, Inc.: Princetan, New Jersey, 1952. 
( A  straightforward, easi ly understood textbook cover in^ pracrically 
a l l  phases of photography.) 



PaIme, Arthur,  Speedlights, Construction and Use, - American Photo- 
graphic publish in^ Company: Boston, Massachusetts, 1946. 
(Directed at the photographer, t h i s  book contains a chapter de- 
scribing in detai l  several simple methods for synchronizing an 

electronic fIash unitwith a camera shutter.  Also includes a section 
with several interesting electronic-[Irish phocogrnphs.) 

Sociecv of Motion Picsure and  Television Engineers, High-Speed 
Photography, bound reptinrs from Journal of t h e  SMPTE: Kew York,  
S e w  York, 1952-1357. 

Sociesy of Motion Picture and Television Engineers, Instrumensarion 
and High-Speed Photography, Vol 2 ,  Series 11: New York, 1960. 

Tupholme, C. H., Photography In Engineering, Faber and Hyperion 
Lcd.: London, England, 1345. 

WaddeIl, J .  H. and J .  W. Waddell, Photoeraphic In- 
dustr ial  Laboratories Publishing Co,: Chicago, I l l inois .  1953. 


