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e TH E M IC R 0 FL ASH, a high- p e<l, 
high-inten iL light sour e for photog
raphy , "" as ori ginally described in the 

Experirnenter in 1941,* wi h the state
ment that it: as desi gned for u e on 
urgent d fense projects and as not 
available for general sale . Since that time, 
a considerable number of unit have been 
buHt ar d have pt·oved extremely valuabl 
in re ean:h conn cted with t:he war effort. 

The fla h of light produced by th 
�Ileroflash is of extremely short duration (about 2 Lo 3 microsecond ), 
and 1 ts intensity is sufficien-t to produce ''ell lighted photograph with 
the high -speed film emulsions now availabl . The high sp ed of th 
fla h permits photographs of object s  n10 ing at extr mely high sp ed . 
An in te re s·ting example of the use of the M icroflash is the work that has 
been canied on at Jefferson Proving Ground on the flight of projectiles 

' "The '\J i�·rofia•h a Light ource for UlLra-High- pcetl Pholography," Ge,,eral Radio Experiuumter, 
'VI. l eplember 19(.l. 

Fie RE l. J\licrofla:;h photograph of a 155-millim ter proje tile 400 f l from. the 
mnzzle of the gun. 
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FrG RE 2. Arrangem n.t of equipment for photographing proje til 100 feet from the gun. At t.he 
JefL i th· gun, at the right the box through whiC'h t.he pt·ojectile pa e 1:0 he photographed. u 
t he post lwtween th two i th pre nrc witch which opens the shu-uer when the rojectile pa 

a part of the proof a ·ce pLance Le Ljng 
of am1nunj Lion. 

Two i 1nportan l factor aff ·tin0 the 
flight of a certain type of projectile are 
th angl of a' and the beha ior of the 
win<lshi l l. It wa kno\.\-n that so111e of 
th ' windshields were falling off the pro
je ·tiles just after the left ·the muzzle 
of the gun, but n data were available 
on the beha ior of tho r ma:inmg on 
the proje Liles. 

Pr li minary e xper iments indicat d 
that photogra h taken at night with 
the Microfla h how d distinct! ·the 
condition of the ' ind hield as the pro
je til pa ed in front of the camera . 
Following the ad j e f Dr. Harold E. 
Edgerton of 1\1(. T. T., an exp ri1nental 

pilot model, and later a more fini h J 
model, of a set-up for ·talci ng phot -
gra phs in da light were bui] t. 

Fig ur 2 hows th set-up u ed for 
the s te L , on i L i ng of a box contai n-
1 ng the Mic1·oflash, and cam ra, and 
as iated equipment: a diaphrag.m 
pre ur wit h mounted on a post and 
the gun. In Figure 3 i hown ·the in
terior of the box. Ilere the equipm 'nt 
con ist of the cam ra and Mi ro flash 
in p rma nt mountings, a mi rophone, 
and a card holder accessi bl through a 

Ii ding door in the ide of the bo T. 

Figure 2 hows the bo T et approxi 
mat 1 100 feet in front of th gun and 
the diaphragm pressur witch i about 
15 feet fro:m the box. he camera 
hotter lS s L a t 1/100 econd and 
o k d. the pl· j � Lile pa e by the 

l r '  ur switch, the pt·� ur front Lh · 
sound wave clo e the s" iLch, acli aLi ng 
the synchronizing devic , hich in turn 
op rat th magn ti tripp r to p n 
the huu r. During the 1/100 s cond 
inter al whi le the butter is open, ·the 
projectile pa e Lluough the Lo r' Lh. 
microphone pj 'k u the ound \ a 
from the pi·oj�ctilc and u·i ps the Micro

fla h. 

Ft RE 3. r Ill ·rior ( Lh ' box, shO\ i 11g . .M.i TO
fla h, mi ..-opho11e, syucbL·ou.izeL·, an.J. oLh ·1: 

equipment. 

op rjglJL, 1945, Gen ral Hadjo Compa11y 

Cambridge, - 1J ass., U S. A. 
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hile lh photograph shows a crystal 
microphonc , t hi. ·r I e wa. found Lf o 
fragile lo sland the terrific concus sion 
fr m the . muzzle bla t of the gun and 
wa. laler r plac d. Ar cei er unit from 
an onlinary t I phone hand et ha. 
pro eel lo be qui le ati fa tory . 

rn 0 1;der to decrea e the amount of 
Ii o·ht in ide the box, a dark urtain i 
hung in the ha k, and th in ide ur
fac of the unshades on the ide ar 
painted .Oal black. Wilh super orlho 
pi·e film, a diaphragm opening of f:6.3 
is used. 

Results ob t ained ' ith "this technique 
are shown in Figure 1 and in Figures 6 

and 7. In Figure 1 is shown a 155 mm 
projectile 400 feet from th muzzle of 

FIGURE 4. Photograph of a d f c·ti e rou nd 
showing windshield in front. 

the_ .gun. Figure 4 how a 3-inch pro
jectile 50 feet from the muzzle of the 
0un. Here the wind hi ld w ith the no e 
cap attach d ha broken away from the 
proje tile and i approximalely 5 in he 
in fron t of it. 

In Fi go r 6, thr iews howing 
erratic bcha ior of ' ind hield ar 
shown. Figure 7 a group of photo-

APRIL, 1945 

FlG RE 5. View of the Microflash Unit, on
i, ting of light source, power upply, m1cro

phon , and connec1.i ng-cabl 

graph of 3-inch prOJC tile 

excess1 c aw. 
showing 

Work of similar nalu1· ha b en 
arriecl out ]J th ombin d Jn. pection 

Board of the Unit d Kingdom and 
Canada at ValcarLier, P. Q. Of particular 
intere t is their u e of the hadowgraph 
te hnique for th photograph y of shock 
'vave in air. diagram of the y tem 
i gi en in Figure 8. The Mi rofla h 
lamp is converled to a point source 
(a tuall about Ys-in h diameter ) and 
pla d ome 6 Jeet from a ground glass 
creen. The cam ra i f o u eel on th 

side of the creen awa from the lamp. 
The proJe Lil j fired betwe n the lamp 
and th n at about 12 inches from 

FIG RE 6 (above). Photograph of three rounds in which 1.be wind hield. ha e hecom 
from their normal po ition . 

FIGURE 7 (below). The e three rounds The line below them "indicate Lhe 
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the latter, and its hadow is recorded 
on the film along with the 1narks made 
by ho' wave and other pressure waves 
in the air. Definition is limited to the 
size of the grain of the ground glass sur
f a e. Finer definition can be ohtained 
subs tituti ng a sheet of film for ground 
glass, but this method 1nu t be used in 
darkness. The ground glass technique 
makes it possible to take shadowgraphs 
of proje tiles by firing through the box 
in daylight. 

Fie RE 8. Diagram of the equipment u ed to 
take hatlowgrnphs of bullets and proje ti]es. 

T. 
OS/Z?t:NrM 
o/Cdn?=. 

j_ 
6-/Z /;.,.5. 

I 6-10 ff. 

l 

Con?erQ 
(when useow//n 

.J?rovnd 9/d.$.$) 

6n::1vnd gh.ss or 
rt/,,_, ho/der 

,#/c/"f1//.,sn �'¥ 
COnverTe<?'ro py"ef serv�. 

MEASURING 0.003 HORSEPOWER WI TH 
THE S TRO BO TAC 

e MEASURE MENT OF THE VERY 
S MALL A M  0 U N T of power consumed 
in the gears of a tachometer adaptor 
uni-t recently presented a problem at t e 
Barbour- tock well Company, manufac-

turers of Reliance tachometers. Their 
engineering department solved this prob
lem by means of an ingenious device us d 
in conjunction with the General Radio 
Strobotac. 

The measuring system con ists basi
cally of a torsion meter which indi ate 
the torque required to drive the part Lo 
which it i coupled. This tor ion m ter 
must he capabl of ro t a tion at fairly 
high speeds, and means f01.· readi n g the 
meter indications and fo r  measuring the 
speed must be provided. Th TYPE 
631-B Strobo t ac perfonns these lau r 
functions. 

The photograph how·s a bras tub , 

about 15 in he Jong, oupled to the 
mo ·or shaft at one end while ·the oth r 

nd runs in a bearing and carrie a drum
type dial. Within this tube is a s traigh t 

FIGURE 1. Mr. Frank Wilkins of the Barbour
Stockwell Company reading the rela tive posi
t ion of the drum dials hy m�an. of the 

trobotac. 
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length of 0.03 7-in ·h Leel piano wire , 

rigidly a tt ached at t. he motor end and 
fixed at the other end to a small shafl 
L ha L Lurn free]y in a bea ring ' ithin the 

rnl of Lhe tub . This shaft can-i es a 
small drum with an index mark on it 
periphery which indi ates the angular 
displacement against the sca]e on the 
adjacent dial a·ttached to the brass tube. 
The short shaft then passes through the 
ou1.er bearing and a coupling to the 
ro·tating member on which the power 
loss i to be measured. Thus it is seen 
that when the motor is sta 1.ionary, 
manual rotation of the output coupling 
shaft results in rotation of the index dial 
as the piano wire is twisted against its 

r storing torque. 
When the mot:or is started, the accel

eration puts a high torque on the wire, 
which might: be broken except t:hat the 
index dial has its motion with respect to 
the other dial limited to 1 80° by means 
of stop pins. The load is driven directly, 
therefore, when star ting or stopping. 
Under running conditions, however, the 
Strobotac is adjusted to give a station
ary image of the dials, and t:he position 
o( the inde with re pe ·t to the dial 
mark d in degree of arc is readily 
obs rv d. IC the motor speed aries 
enough to make it difficult to obtain a 
sleady image, the conta tor socket of 
the Stt·ohotac may be connected to a 
cain arrangement on th mot or shaft 
which wi ll in ure a sL ady image of the 
r Lating dial . Since ea h flash of Lhe 

trobota occurs at the moment tha L 
the contactor leads are short-circuited, 
it is be t to arrange the contactor canl. 

so the ircuit an be shorted at any 
hos n point in the rolation of the cam. 

The torsion meter is easily calibrated 
in a slationary condition by comparing 

APRIL, 1945 

FIG RE 2. Close-up of the torque meter. The 
two drum dials, one can-ying an index, the 
o'll1er a scale, are shown between the Lwo verti
cal snppons. 

applied torque on Lhe output haft to 
r ul ting dial readings. Th re ult 
should give a linear curve. Power m a -
urements are then made by oh. er ing� 
w ith Lhe Strobotac, th r ading of the 
torsion dial and the p ed or rolal ion . 
CalculaLion of pow t· from t.h producl 
of torque and speed is then a imple 
matter. 

The equi pment illu Lra·Led ha be n 
u ed tom a ure power los es as small as 
0.003 horsepower at speed of 600 rp1n 
with an accuracy of ±5 . Wi-ih malk r 
equipment using a finer ir , ther · 
seem to be no reason why this arrange
ment cannot be used for mea nring very 
much smaller amount of powt:r . 

- KIPLT '"G An .,,_ 
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P H 0 T 0 T U B�E C A P A C I T A N C E M E A S U R E M E N T W I T H 
THE TYPE 650-A IMPEDANCE BRIDGE 

e SINCE INTERELECTRODE 
capa ilance ha a marked effect upon 
the frequency characteristics of a photo
-tube, it is important in many applica 

tions that the capacitan e be acc ura·tely 
known. 

The TYPE 650-A Imp dance Bridg 
} a been found quite sati factory for 
Lhis measurement when an e tern.al 
TYPE 602 Decade-Resistance Box is 
u ed -to give the required preci ion of 
balance. 

The necessary connections are shown 
in Figure 2. The brid ge controls are set 
for capacitance measurement. Sin e for 
this connection, 1 ohm is equivalent to 
0.1 µ.µf, 

t::.R 
c = 10 

wh re t::. R i the hange in etting of th 
resislan box ' hen the phototube is 
conn t d. 

To connect th e t rnal de ad -
re i tance ho , it is necessary to break 

the connection between th a nn of 1 lie 
CRL poten tiometer and g 1·ound . Thi. 

an be done by removijng th connec ting 
wire from the potentiometer termina] 
and. bringing out a n w Jead from the 
term.in.al. An equally satisfactory and 
more convenient method is ·to in ert a 
slip of paper between th pot ntiom l r 
arm and the winding. The decade hox 

an then he connected between the .l 
terminal of the bridge and ground. 

For mea urements o er a range of 0.6 
to 3.0 µµf, balance to 0. µµf could he 
obtained with a decade ho providing 
unit teps in resistance. A tenth-ohm 
decade gives increments of 0.01 µµf, and 
with an amplifier as indicated in Figur 2 
the bridge i sufficient] ensitive so that 
balan e to 0.01 ohm or 0.001 µµf is easily 
obtained. in.ce hundredth-ohm de ade 

. are not generally a ailable, it would he 
ne es ary to u e a slide wire to obtain 
thi degree of pre i ion. 

When a wire :from the CRL po t en 

tiometer is brought ut to the d cad ,, 

the zero capacitance of the hridg , 
hi h amounts to approximately 10 µµf, 

can he halan ed out b mean of an 
initial setting of the C RL dia l . JI the 
CRL po-t ntiomel r · li onnected b 
in ulating the ontact arm. from the 
winding, the decade ho mu t he ]arf_·e 
enough to balance this zero capa i·tance, 
and a four-dial box onsi ting of hun
dr d-, t n.-, on -, and tenth-ohm d. ade 
should be u ed. 

In order to ke p the conductan . 
component small, the phototuhe houl<l 
he shielded from light dnring the m a -

FTG HE ] . Panel view or l hf' T pe 6SO-A 
I myiedance Bridge. 
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c., 

EXTERNAL 
DETECTOR AMPLIFIER 

TYPE 602 
DECADE RESISTANCE 

BOX 

1"1G UE 2· (left). Circuit diagram of "Ll-1 bridge, bowing t he decade resistance box con11 te<l. in 
series with the CRL dial. 

11'ig11rc 3 (ri•1ht). By t ing t h· t rminal capaci·tances CG1 and G2 10 groun I, a,,; sh. wn het·e, 1J1c 
<lirecl capa ·itan e x can he mea ut·c<l.. 

urement. If the tube is exposed to light, 
an addi tional decade resistance across 
the standard condenser is needed for 
balancing the parallel conductance, in 
order to avoid a serious sliding balance . 

The accuracy obtainable with the 
TYPE 650-A in the measurement of 
capacitance of this magnitude i limited 
largely by the unavoidable connection 
errors. Since connection errors of the 
order of 0.1 µµf are difficult to el'mi
nate,* these errors will usually deter
rmne the absolute accuracy of the 
measurement. 

It hould be noted that thi method 
measures direct capacitance rather than 
total capacitance and hence is appli able 
·to a numb r of o·ther probl m where 

small values of capacitance mu ·t be 
me a ured. t can be een from F igure 3 
t hat capacitance to gro und from the 

lo w unknown terminal i s in parallel with 
the detec·tor , while that a ssociated with 

*IL l"- l•'icl<l, "ConneeLion Errors in CapaciLaucc M eai;
ut·c111c11L," Gcncrul Rudi-0 /i:,\;pcrim.enter, xn, 8 J anuar 193U. 

the high terminal is ae ro st.he slandanl 
arm of the br·idge and, when not small 
enough to be co nsidered negligible , can 
be corrected for. For measur-ements of 
capacitanc increment where connec
tio n rrors do not exist, a , for in tan e, 

ith p1ug-in elements, highly accurate 
measurements an be made. 

One po ih]e application i in the mea -
urement of the interelectrode capaci
tances of vacuum tuhes, wh re the 
socket i connected ·to the bri ge, and 
the capa itan e in rcmen t re u t in g 
from plugging in t.he tube i mea ured. 
For these measurements, a ll unused 
electrodes should b grounded, o tha t 
only the. direct capacitance beh'l'een t.he 
t wo s igui:fica t ele trode 1 m"a ur d. 
For· accurate m asur m nt of the 
smaller capaci tances such as the "Tjd.
to -p1 a te capa itances of s reen grid 
tube , h.ielded sock ts are nece ar to 
a i<l onne Lion en- r larger than Lh 
ca pa ·i tance bei n g m.easured. 

-L. E. PACK.A.HD 
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MISCELLANY 

e D R . A . P . G . P E T E R S 0 N of 
Lb.e G e neral Radio Engineering ·taff 
addre sed a group from the ew York 
Section, Institute of Radio Engineer 
at Red Bank, Ne"\ Jer ey, on Mai·ch 16. 
llis ubject was ••Wide-Range Tuned 

ircuits for High Frequencies." 
A paper on ••High-Frequency Meas

urements" was delivered by Dr. Donald 
B. Sinclair, Assistant Chief Engineer, 
before a meeting of a group of Middle 
West radio engineers arranged by the 

hicago Office of 1:he General Radio 
Company on March 21. This paper was 
also presented at the Radio Engineers' 
Club in Chicago on March 22, at the 

ondon, Ontario, Section of the IRE 
on March 23, and at the Toronto, Otta
wa, and Montreal Sections on March 
26, 27, and 28, respec Lively. 

e Q U A L I T Y P A R T S sometimes mean 
Lhe di ffe rence between ,a good job and 
one that doesn't make the grade. A man
ufactu1·er recently completed several 
hundred equipments on a project 1:hat 

wa highly ecr t and v ry urgent. They 
were OK, except for the rotar witche , 
whi h failed in u e. Se eral Genera] 
Radio switches ·of t he type used in our 

d ecade resist.ors were available and 
these were d ismantled and reassembled 
in. a 3-gang combination. These worked 
satisfactorily and were rugged and re
liable . Resuh - an urgent call for 
switch parts. Luckily, we were able to 
scrape up a small quantity for immediate 
needs and to schedule the balance for 
production on a high priority. 

e I N WART I M E expense is ofren no 
objec1: if the. need is urgent. s cret 
development project recently needed 
t;en. General Radio Precision Forks, and 
only eight were available. To wait for a 
delivery of the next production lo-t was 
out of the question; the project was too 
urgent. The last previous delivery, it 
turned out, was to a foreign ally, and 
believe it or not, one of Uncle Sam's 
planes went right over th.ere and brought 
hack two of the units. 
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