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• TO STATE THE RANGEofawa\'c­
meier in rnegtu ') des appears 10 he 311 ill­

consisk'H·~. but sinet' I(}(III} "frequency" 
rather than '''""dength'' is UiiCtl to ,Iclinc 
the period of 0$l'illaliol18. the onl~ altcrna­
ti,'c would be to .liS('anl tile dt·signatioll 
""!I ,'cmclcr:' II n\\l'\{'r. II V.8H' lIlclcr is 

.,u('h a useful an. I tillll.'.honored pi{',-e of 
e(llIipmcnt Ihal il hard l} i!Cems afhi"ablc 
to change ils name. \lOn.'o\cr. the modenl 

(rCflucnc~ 1Il('kr ill IISIHI II) a ht'lt'rod~ ne instrUlIlent (sec Gent-ral nadio 
EXIX'rimcfltcf of Jill ) and August 19 ~5) . and til(' tcrlll implies II degree 
of act'u rae)" Ihut is not 'W"cssarily requ ired for 1111 lIIen~ lI n:mcnts in the 
labo ralOry. 

The new Tl'I'~; 11 10 WavcmC lc r is in tcnJc{1 for npplicalions ",here 

FlceR!': I. '1'",<>, i ., ,,,~ of Ih., Tn'x 1110. \ L· II .'" \\ .. ",metN'. \t Ihe front, the 
hUlle~n~ i wen Ihr""!(h a tran~l>arent "io<\o .. : lit Ihe re .. r. hOlh the r~u"'ce 
indicalor .. "d tI,.. rr~I"~'''(,~ ........ c" " hc r.,a~ 1 u th.· tuning conlrol i. turned. 
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GENERAl RADIO EXPERIMENTER 

ease or operation and small sh·.e are more 
important than high accuracy. aod 
where dire('t reading indications over a 
wide frequency range are most desirable. 

The new wavemcter has a single rallge 
from 240 to 1200 megacycles. The tUlled 
drmit is of the bUllcrfly type (see CCII' 

erailladio Erperimefller of Ocl.ober 1944 
and ProceetlillBs oj Ihe f" Slitlltp oj Radio 
Engineers for July 1945). The inductive 
and capacitive c1emcnlll are buill inte· 
graily, and luning is achieved by simul· 
taneous "' arialion of both. No sliding 
contacts are used. 

Resonance ill indicated 011 a micro­
ampere meter preceded by a crystal de· 
teclor. Coupling between tuned (Lrcuit 
and indicator is relatively close, and tbe 
wav("lllcter is desil.rned to make effective 
coupling to the unknown source possible 
wit bout direct connections. Some accu· 
racy has thus been sacrificed for high 
sensit.ivity. Ir su ffil'i ent powe r is not 
available to deflect the indicating meter, 
resonance can s liJI be observed by the 
reaction of the wavemcter on plate or 
grid current or an oscillator of unknown 
frequency. 

The detector, "hich consists of a sili­
con crystal and a tWlgstcn wire, is COII­

tained in a ceramic ca rtridge and is 

, 
easily replaced. Crystal detectors or this 
kind have recently been standa rdized, 
and the most suitable types are desig. 
natcd lN21 and IN22. The crystal de· 
tector is sbunted by the indicating 
met.er and, therefore, well protected 
against overload, since it cannot be 
damaged without produeulg !leveral 
times full scale deflection. 

The resonant rrequeney of the de· 
tector circuit is around 1600 megacydes. 
This high resonant frequency has been 
obtained by mounting tbe detector 
ca rtridge in a mctal block and providing 
only a small loop ror coupling to the 
butterfly eLrcmt. Thc metal block, St..-en 
at the bOllom of Figure 2, is part or the 
casting which supports the butterfly 
circuit on one side and the gear-drive 
and indicator drum on the ot her side. 

The scale on the indicator drum is 
about 9 inches long. Three turns of tbc 
tuning knob are required to cover the 
full rallge corresponding to a 90° rota­
tion of the butterfly rotor. Tbe tuning 
unit and the indicating meter are 
mounted in a plastic housing which caD 
be held conveniently in one haud. Two 
views of the complete wavemcter are 
showD in Fib"Ure I. A transparent win­
dow ill the housing shows the butterfly 

.FI(HJRP. 2. View of 
the interior o f tho 
wavellu,ter with case 
removed. The cor_ 
tridge.ty pe cry~tlll de­
tectO!' is mounted in 
the n,e ta] h lock ncar 
the haJ1.C at the rellr 
of the hlluerlly. The 
two c1illa ahove the 
shaft hearing mllke 
contact with the lrr_ 
mina ls of the micro_ 
ammeter.60 thaI both 
original assemMy lind 
re,noval for Ben 'icing 
are e8~ill.' accom-

plis led. 
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circuit and facilitates proper coupling to 
the unknown source which has to be 
measured. The interior construction is 
shown in Figure 2. 

A certain amount of care is required 
to 8\'oi<l erroneous readings and spurious 
responses, which are DOL encountered 
wilh similar ins trumenlll al low fre ­
quenci.es. Misleading indicaliolUl can be 
produced by resonance of the detector 
circuit with harmoniC8 of tbe unknown 
frequency and by spurious responses of 
the tuning element. Spurious responses 

OCTOBER , 19H 

or modes, only 100 fa miliar (0 anyone 
working in I,he microwave regions, are 
caused by the fact tha t dimensiolls of 
the circuit ele mcnl1l arc no lon ger small 
compared to wll\'c lengths. amI that cur­
rent paths through these elemenl8 are 
possible in different directions. Fortu­
nately circuit losses in s)lurioUA modt!8 
are ordinariJy larger than the 1(JSSe8 in 
the desired mode, and consequently the 
meter denection will be higher and more 
sharply depe ndent on tuning if the wave­
meter is se t to the correct freque ncy. 

- EDUARD KARPLUS 

SPECIFICATIONS 
Fllquency Rani' : 24()--1200 Me. 
A c c. r I t J: ± 2% of tbe illdicllted frequency. 
T.m!lenlurl and Hym ldil, : The aceu · 
riley of this Wllveml:1 0:0- i, independent of 
tem l~ature anti humidity e lTeeta O\' er the 
range normally eneountered in the laboratory. 

Typo 

Dillclnr : A Tvl'1': I N22 Cryelal Deleetor i . 
f"rni~hetl wilh the in~lru"1f""t . 
Dl men siou : 3Ji l< 7y.(:II; 41 'S (hel!;ht ) inch~ 
ovetall. 
Het We ~lhl: 3J{ pountlll. 

I U-U·!" Wa .. emeter . ........... . IVAGIER ....00 

MISCEllANY 
• ADRIAN W. CLEVELAND bas 
been appointed Purehasing Agent of the 
General Radio Compauy, succeedi.ng the 
late Walter II . Sherwood. ~Ir. Cleveland 
was born at Oxbow. New York. and re­
ceived his early ed uca tion in Ihe public 
scbools of that 8tate. lie s tudied elec· 
trical engineering at Northeastern Uni­
versity, from \\hich he was graduate~1 ill 
1931 wi th the degree of Bachelor of 
Science. Corning to the General Radio 
ComplUl Y the same year, he oocame 
thoroughl y familiar ..... ith manu facturing 
operations by working in every branch of 
the production dcpartmelll before assign_ 
ment to the purchasing dcpartmcllt ill 
1937. llc ..... as appointed AMlstallt Pur­
chasing Agent in 1939. and became Pur· 
chasing Agent in August. 19..J.5. 
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GENERAl RADIO EXPERIMENTER • 
A LIGHT SOURCE 

FOR MICROSECOND PHOTOGRAPHY 
• THE MICRO FLASH, a highly 
speciali .. .ed type of s trohoscopic light 
source has been added 10 General Hadio's 
linc of slroLosoopic equipment. This dc· 
vice 'I as lK:rfccted a t the beginning of 
tue war, and it has rendered good service 
in a score or so Inboratories during the 
emergency. Now the Microflash is avail­
ahle fo r peacetime usc in research work 
where short photographic exposures or 
flashes of light are required. 

ComlTlNcia lly ava ilable s troboscopes, 
before General Hadio offered the first 
Edgerton Stroboscope in 1932. were 
nlainly shutler.type instruments, which 
0l>c ratcd Ly periodically interrupti ng 
tbe user's vision, so that illumination 
was low and ouly moderately high.sl>ccd 
motion cOllld be arrested, The develop. 
ment of highspecd light soun:.'Cs for 
stroboscop} by Edgerton, Cermes· 
hauSCh and Cricr of \1. I. T. ol>cned lip 
new fields of usefulncss for visual \\'ork 
and resulted in the ,.ell·known Strobo· 
tac and St robolux. The latter instru· 
ml'nt produces a flash of high intensit y 

and of relativel y high speed , and hClice 
has beell used as light source for photog. 
raphy. It s flash duration of 30 micro · 
second s ( •. 0:.000 of a second), however, is 
a limitatioll whieh makcs it unsuit able 
for mall y applica tions where close-ups or 
even enlargements Illust be made of 
objects moving at very high speeds, as 
for instullce, bulle ts and other projec­
tiles. flash ,Iurations of only 1 or 2 
microsecouds are necessary for this work. 

These flash speeds have been obtain· 
able for a number of }'eurs by means of 
spark di8Churge equipment, which is 
extre mely cuml>crsome . O .... ;ng to the 
limitations of thc spark as a light source, 
most spark photography was done in 
silhouette, Strohoscol)C dersign tech· 
nique. ho\\'e\'er, offers a meuns of ob· 
taining short, high.intensity flashes in n ~ 
slllall compact IInit. with only a small 
power demand. 

Since the powcr required to o(>crate a 
stroboscopic lump varies directly with 
the flashing nile. much less power is 
necessary for O!lsilill g at in tervals of 

F'IGUK F. I. Vie .. • of 
the Mierol1:.~h 1111· 

lUickI'd an,l . .. :auy 
for operatIOn. 
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FIGURK2. l"UIlI' ilougjllf; a nd IJoO" 'er filll'l'ly 
lork togcth t r in • cO/l\'Cnien l "~Il1"ly ror 
Irll n~ l oor1· l ion. 

fi(' \f'ra l llf'("onds or millllies ,han fur Ihe 

high n'petition rates use,1 fo r l' i81181 

,",ork . The ,Iuralion of lIas h I un be 
grca ll y reduced by proper de~ign of till' 
lump and by using a small"f ('omlclIS!.- r 
allli ('harging: it to a higher \ oliagt'. 

A preliminar) design of Ihe \Iil'n)_ 
lIask Tn·t: 1'·509. \IUS flcscribed ill the 
&pcr;mrmter a few yean> ago.' Tht" lie" 
Tnt: 1530·A \Iicrollash is no\\ 8vai lllblc 
for gem' ral sale and provides a means of 
pholographiug ohjccts in milch faster 
IIIOliOI1 Ihun IllIS possihle Ilith ('quip" 

1Il(, lIlllcsiglll',1 primarily for Sln,boscIJPY. 
FUlic tionall ). Ihe elec trica l circuit of 

Ihe Microflu8h is simple. consiMing of II 
~clilicr p()\\cr supply, a cOlldenser 
"hich is charged to about 7500 volt s 
from the power supply. aud a lallll 
through "hieh the condenser is eli". 

,HA u,:1I, ,Souro. lor Uh ... lli.b-S.-,l I'ho,.,.,.!>hr :· 
~:"i::~ I~:t.'" f~_,_. \ ''''''me xn. No. I. s. ... 
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charged to produce the flash. The flash 
is " 1,riPI>ed-- by an impulse from a s park 
coil which ioni 1.es Ihe gas in the lamp 
sllfliciel1tlr to ini ti ate the condenser dis. 
cll8rge. The spark coil is ex(" i1<'d by a 
thyratron, Ilhidl ill tllm lI1ay be tripped 
hy making or tweaking an ex ternal con. 
h.et , II)' pressin g a Imu on on Ille panel , 
or by an impulse from II microphone 
which picks up sound from tbe phenome. 
non to be pholograpl lCll. A ImilL·in am. 
plifier "ilh a nUlIlU al k IlSil;\' ity oont rol 
is pro\·ided. 

The ex te rnal aplM.!arallCI' of the \Iiero . 
flash is sho" II in Fi gu res J and 2. The 
\-ic" of ~' igu re 1 sho" s tilt' ius trumcnt 
sc t up fo r0J.leration "itb Ihe mi .. ropholle 
arranged to t rip the fla sh. For Iranspor. 
!lllion, the lamp und power supply cases 
lock lo~>ether. as silO" n in Figure 2. 

Two sockets are I'rovilled for pluggin g 
ill the lripping .. ircuits. one fo r the 
mir-rophone. the o ther fOr a (.'Qntac tor. 
A l\lo.posi tioll switch permits a choice 
of e ither make or hreak contaclor.trip. 

Whcn lhe microphone i.s IIscd, the 
time of the flll sh del'ellll l'l Ul'on lilt' dis. 
lance the 801111(1 wan' trn vels before 
readlillg Ihc microphollt'. As call he seen 
from J~igure 1. Ihe lIIinuphone is pro. 
vided ,.illl a ellblc of l'o l1siderable leng lh 
so that Ihe liming of till' fla sh call be 
mljllsl,eti O\er a r-onsidera hle ranf,'C h) 
moving Ihe microphone "ith respel't to 
Ihe o!Jjcc t bt ing pholOgrapl1t!d. 

In adjus ting the lime of flash, it is 
necessar}' 1.0 take inlo l'Onsil lcra tion an 
initiullllinimulII llt-Iny of 10 10 15 micro_ 
SC(,'011118. J\ Illm" gh \-ar} lug I>CI WC1!11 
Ihese limilS among lliffen:llt instru. 
mellt s. til(' llela~ is I'ral·til·all~' (''0118Ianl 
for an y onl~ unit. 

The duratiOIl of the flash is about 2 
mil'rosccontis, "ilh a faint trailer las ting 
aboul J5 micro8t!('onds, as indicated in 
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GENERAL RADIO EXPERI MENTER , 
Figure 't To eliminate any effect of the 
trailer, film sbould be under-exposed and 
over.developed. 

Since the Microflash was originally 
de\'eloped for war research, ils uscs thus 
far have been largely in the testing of 
Ilmmunition, particularly new tYl>Cs. A 
previous article ' discussed a number of 
these tests. 

The J\ficrollash has Illany other appli­
cations lntitis field. among them investi­
ga tiolls of the impact of bullets, of arti­
fi('ially induced yaw to deflect projectiles, 
and of the action of rotating bands on 
shells. It has also proved useful in study­
ing thc behavior of wads in shotgun 
shells, and resulted in radical changes in 
the design of the shells. 

Other studies include the effects of 
underwaler ex plosiolls on models; icing 

"'Mi<:rnlluh s ........ FIJ,,,, o..r..:,. in Pro;..:.; ...... Cu­
... 1 M..t.o r:.,..,-.. V ..... _ XIX. No. II. Aj'lril, 1945. 

on airplane propellenli the disintegration 
of rotors at "ery high speeds, partieu- -""" 
larly turbine rotors and rayon buckets; 
the bursting of fluid containers uuder 
extreme pressure conditions, and the 
mechanism of self -&eating in bullet-proof 
fuel tanks for airplanes. 

Other projected uses include the study 
of the propagation of fractures in mate­
rials, and of the mechanism of wear in 
automobile lires at high speeds. The 
Microflash also has posaibj(jties for 
studying cutting and grinding operations 
witb macbine tools. For industrial re­
search where the bebavior of rapidly 
moving objects must be recorded. it 
offers a meallS of saving both time and 
money, and for Illany problems offers 
tbe only method of obtaining a 8atis­
factory solution. 

- II. S. WILKINS 

F'IGlRI! 3. Miaona~k photo of the eJ(1,~ion of a aholf!;u.n Bhell al it leave. tbe muzzle of !UD, ~ 
",hid. ia out of tbe picture at the rigbt. Note thai the wad! ean be.een ae well al tbe ciUlItel' of MOl. 

-1{.E.E'4~ 
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rlGURE 4, Photographs of three rounds of ammunition showing bolh yaw ami erratic hehavior 
of windshields. 

Tile phorogmphs shown below were l(Jkeli by fl . E. t."dSCrlo/l alld F. E. Barstow and are reproduced 
Ihrough Il,e C(nJrlesy of lhe Hurlford.Empire COIIIIHJflY 

FIGURE 5. UnC(lm. 
I,leled (racture in an 
eJ<"crimental bottle, 
The heavy line i& 
drawn with gold on 
Ihe glan. which, when 
interrupt ed by a 
crack. o~n8 the cir. 
cuit to In" the Micro· 
Rash. Note the faint 
line& al the ends or 
the crllcks which in. 
dicate Ille direet ion 
Ihe fra cture linell will 
take. The velocity o( 

r.ropagatiou of the 
racture has heen de· 

termined by Micro· 
Ruh [Iholography to 
be approJ<imately 
5000 feet per !<COOnd. 

FleUR E 6. EJ< perimentaJ bot tie 
breakiug by eeO'ere imj,act 
On a steel plate. The M .Cto· 
flash tripping circuit i, eI~ed 
by a sheet of tinfoil driven 
against the fi teel by the bottle. 

FIGUIIK 7. Fracture of an ex· 

/
Jerifllenlal bottle under 520 
b. /sq. in, water ,,,,,s8ure. The 

fracture started at the center of 
tbe rad iating I,attern, The Mi· 
crofl asll wu tr'PIJed by a crystal 
phonograph I,ickup \<'ith needle 

bearing against the glaSl!. 

F IGUR!> 8. Fraclure of a ll eJ<· 

/
>erimental bott le under 730 
b . /~. in. wa ter pressure.The 

trippong mech:1I1J8m "'ai the 
8IIme 015 that used for Fig. 

ure 10. 
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HMERAl RADIO EXPERIMENTER 8 

SP ECIFICATIONS 

Our ~t lon 01 Flash: AI'pr(,,,i ,n ll. tcly 2 micro. 
&ecQnds. 
Plwer Suppl1: 105 10 125.2 10 10250 vo lt ~, 
5() to 60 cycles. 
Power Input :7Qwutts. 
Tubes : 

I - STI ( HCA ) 1 - FG· 17 (GE) 
1 - 2V3G{ n CA ) 1 - 6AC7 ( 1852) Il CA 

Accessories S ~ pp l le d : Microphone wit h 
cubic; l.ip-od; all tllhes; 8ps.e pilol lamps aud 

Microllash ... . .. . . ... . . 
ncplac.:n ... "t Flash L"II1I" . 

· "1". e, ... on' t·,01 ... 1 In "" I'h',' .... . "h;., '"'l!';P"""" " 

Lice"..,d under 01.,.;_ .... ~.,." ...... 01 .,. .... , . l'PI;~.,;on. 
,,( t:.l ..... ,"',. C .... uleolo ...... " .,,,1 Gne •• u.d .. ,I;"1 1'0'.'" 
!II .... , 

2.1115.1811 
2.2t11. I66 

2.JJ 1.317 

2.201.1(;7 
2 .. 102.690 

fn lle8; 2 ! I'are IIMh laml'~ T\'"" 1530. 1' 1; plug ~ 
for co" " ect;o" to eonlaclOr.tri" jack. 

M 11 U n li n I : The power supply 11.,,0.1 tri ~ger cir­
cuiu arc 1I&8C,nl. leo.l i" one melal caiIC, the lamp 
in anot her. The two CII!IeII lock togethcr ror 
transpor tation, l:ompletcl r l)To tect;ng the la"'j' 
lind oolltroll!. 
Dim lnsions: 2<1.Y8 " 1 3~ " Il ~{ inches. 
on,r"lJ. 
Het We lt hl : 72 pouuo.ls. 

Code Wont 

TAFF Y 
TONIC 

P rice 

.nd ".",Ie. I: ... ", No, 1,790.153 .n~1 o'.ber I';"""" '."'.-e'; '~J 
<"",,,,,,.J ,hoch,,«< ,Jev,""" ... ,1 e.,..,"'" w"h .. -h",h •• , 
device .... y be. ..-.l. owned by ,t.., t.:e,""col .:Ie<-"ic e",,· 
~."y O!' und .. ,,'h;c!, ;, Q'_,. Van' I;"" ....... 

ERRATUM 
elN THE SPECIFIC ATIONS fo r 
Tn',;: 8 16 Va('lI ulU -Tube Prco::ision Fork , 
described ill the Se pte mbe r Ex,H'r;. 

mcltter, t he frcllucncy designation was 
inad ver tcntly omiu cd from t he price list. 
The lis ting 8110\1 1(1 have read as follows: 

1'ype 

316_A 
!U6-B 

De¥rriplitm 

Vacuum-T"be Prp.ciKiot1 F(Jrk . . 
Vacuum_T"!.,, l'n."ti~ion fork ... 

50 C.p.K. 
60 c.p.\I, 

~' 6KK\' 

I'AIILK 

$38.;.00 
385.00 

TilE Ge1lend U(I(li,o EX/'EIUM EIY1'ER is IIwile(1 lViOWnf. clwrg€ fJf. l ch 

111 0111.11 1.0 en gilleers_ scielilisl,s , l echnic iflll S. 111/(1 ul.l, ers i"teres l.ed ill 
cOlllmu /,i cflI.io(l -jrC(/lf eli cy lII efJSUrem e ll t (Iud COIIt.rol. problems. rflil en 
sel~di"g rei-,llcsUi jor s ubseripliolls (111.(1 "ddresl~-cl/{/" ge not.ices, ,)Iease 
sUfJply Iilejuf/Uirill J.: ;I/jorlllul.;oll : IIl1l11 e, COIIII}(ll/.Y, (lddress, Iype oj b'l.~­

i'lf>s.~ COltl/l(fIlY is clI;wgetl ill. , (J /I,d t.i I Ie or /lOS; tioll oj i lid; vid""I. 

GENERAL RADIO COMPANY 
215 MASSACH USETTS AVEHUE 

CAMBR I DGE 39 MAS SAC H USETTS 
TElEPHO HE : T ROWBRIDGE 4400 

BRANCH ENGINEERING OFFICE S 

NEW YORl 5. MEW YOU 
tc WUT Hun 

TEl. WORTH )·1131 

lOS UIlElES lI. CAl ifORNIA 
tOOl NORTH SEWARD STRUT 

TEl. - HOllYWOOO Ill i 

CHIUGO 5. 11IINOI~ 
III SOUTH MI CHIIl4M AVENUE 

TEt. - WUlSH H2O 
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