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e T 0 S TA T E T H E R A N G E of a wav -
meter in megac cles appears to be an in­
consi tency, but in e toda .. frequency" 
ra1-her than .. wavelength" i u ed t de fine 
the period of oscil1aLion , the only alterna­
tive would be to discard the designation 
••wavemeter." Ho" ever, a wa meter is 

uch a useful and time-honored piec of 
equipment that it hardly eems ad i able 
to change its :nam . Moreo er, the mod rn 

:frequen y meter is usually a heterodyne instrument (see General Radio 
Experimenter f Jul and ugu t 1945), and th term implies a degree 
of ac uracy t:hat is not necessaril required for all m a uremen.ts in the 
Jaborat:ory. 

The new TYPE 1140 .Wa emeter i int nded for applications where 

FIGURE 1. Two i w. of the TYPE 1140-A U-H-F Wavemeter. A-t th front, the 
hut:terfly is seen through a tran parent window; at the rear, both the resonance 
indicator and the frequen ale can be read a the tuning control i!'> ·Lurned. 
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GENERAL RADIO EXPERIMENTER 

ease of operation and small size are more 
important than high accuracy, and 
where direct reading indications over a 
wide frequency range are most desirable. 

The new wavemeter has a single range 
from 240 to 1200 megacycles. The tuned 
c ircuit is of the butterfly type (see Gen­
eral Radio Experimenter of October 1944 
and Proceedings of the lnstitutP. of Radio 
Engineers for July 1945). The inductive 
and capacitive elements are built inte­
grally, and tuning is achieved by simul­
taneous variation of both. No sliding 
contacts are used. 

Resonance is indicated on a :rnicro­
ampere meter preceded by a crystal de­
tector. Coupling between tuned c.ircuit 
and indicator is relatively close, and the 
wavemeter is designed to make effective 
coupling to the unknown source possible 
without direct connections. Some accu­
racy has thus been sacrifi ed for high 
senshivity. If sufficient power is not 
available to deflect the indicating meter, 
resonance can still be observed by the 
reaction. of the wavemeter on plate or 
grid current of an oscillator of unknown 
frequency. 

The det.ector, which consists of a sili­
con crystal and a tungsten. wire, is con­
tained in a ceranric cartridge and is 

2 

easily replaced. Crystal detectors of this 
kind have recently been standardized, 
and the most suitabl e types are desig­
nated 1N21 and 1N22. The crystal de­
tector is shunted by the indicating 
meter and, therefore, well protected 
against overload, since it cannot be 
damaged without producing several 
times full scale deflection. 

The resonant frequency of the de­
tector circuit is around 1600 megacy"les. 
This high resonant frequency has been 
obtained by mounting the detector 
cartridge in a metal block and providing 
only a small loop for coupling to the 
butterfly circuit. The metal block, seen 
at the bottom of Figure 2, is part of the 
casting which supports the butterfly 
circuit on one side and the gear-drive 
and indicator drum. on the other side. 

The scale on the indicator drum is 
about 9 inches long. Three turns of the 
tuning knob are required to cover the 
full range corresponding to a 90° rota­
tion of the butterfly rotor. The tuning 
unit and the in dicating meter are 
mounted in a plastic housing which can 
be held conveniently in one hand. Two 
views of the complete wavemeter are 
shown in Figure 1. A transparent win ­
dow i n  the housing shows the butterfly 

FIGURE 2. View of 
the interior of the 
wavemeter with case 
removed. The car­
tridge-type crystal de­
tector is mounted in 
the metal block near 
the base at the rear 
of the butterfly. The 
two clips above the 
shaft hearing make 
contact with the ter­
minals of the micro­
ammeter, so that both 
original assembly and 
removal for servicing 
a r e  eas i l y  a c com-

plished. 

Copyright, 1945, General Radio Company, Cambridge, Mass., U.S. A. 
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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 avoid erroneous readings and spurious 
responses, which are not encountered 
with similar instruments at low fre­
quencies. Misleading indications can be 
produced by resonance of the detector 
circuit with harmonics of the unknown 
frequency and by spurious responses of 
the tuning element. Spurious responses 

OCTOBER, 1945 

or modes, only too familiar to anyone 
working in the microwave regions, are 
caused by the fact that dimensions of 
the circuit elements are no longer small 
com.pared to wavelengths, and that cur­
rent paths through these elements are 
possible in. different directions. Fortu­
nately circuit losses in. spurious modes 
are ordinarily larger than the losses in 
the desired mode, and consequently the 
meter deflection will be higher and more 
sharply dependent on. tuning if the wave­
meter is set to the correct frequency. 

- EDUARD KARPLUS 

SPECI F ICA T IONS 

Frequency Range: 240-1200 Mc. 
Ac cu racy : ±2 % of the indicated frequency. 
Temper at u re and Humidity : The accu­
racy of this wavemeter is independent of 
temperature and humidity effects over the 
range normally encountered in the laboratory. 

Type 

Detector: A TYPE 1 22 Crystal Detector is 
furni bed with the instrument. 
Dimensions: 3Ys x 7;!4 x 4;Y2 (heigh-i) inches 
overall. 
Net We i�g ht: 3U pounds. 

Code Word Price 

1140-A j U-H-F Waveme"ter ............ . WAGER $65.00 

MISCELLANY 

e A D R I A N W . C L E V E L A N D has 
been appointed Purchasing Agent of the 
General Radio Company, succeeding the 
late Walter H. Sherwood. Mr. Cleveland 
was born at Oxbow, ew York, and re­
ceived his early education in the public 
schools of that state. He studied elec­
trical engineering at Northeastern Uni­
versity, from which he was graduated in 
1934 with the degree of Bachelor of 
Science. Coming to the General Radio 
Company the same year, he became 
thoroughly familiar with manufacturing 
operations by working in every branch of 
the production department before assign­
ment to the purchasing department in. 
1937. He was appointed Assistant Pur­
chasing Agent in 1939, and became Pur­
chasing Agent in August, 1945. 
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F 0 R 
A LIGHT SOURCE 

MICROSECOND PHOTOGRAPHY 

e T H E M I C R 0 F L A S H , a highly 
specialized type of stroboscopic light 
source has been added to General Radio's 
line of stroboscopic equipment. This de­
vice wa perfected at the beginning of 
the war, and it has rendered good service 
in a score or so laboratories during the 
emergency. Now the Microflash is avail­
able for peacetime use in research work 
where short photographic exposures or 
flashes of light are required. 

Commercially available stroboscopes, 
before General Radio offered the first 
Edgerton Stroboscope in 1932, were 
mainly shutter-type in 1.ruments, which 
operated by periodically interrupting 
the u er's vision, so that illumination 
was low and only moderately high-speed 
motion could be arrested. The develop­
ment of highspeed light ources for 
stroboscopy by Edgerton, Germes­
hausen and Grier of M. I. T. opened up 
new :fields of usefulnes for visual work 
and resulted in the welJ-known Strobo­
tac and Strobolux. The latt .er instru­
ment produces a Bash of high intensity 

and of relatively high speed, and hence 
has been used as light source for photog­
raphy. Its flash duration of 30 micro­
seconds (1•0;0�000 of a second), however, is 
a limitation which makes it unsuitable 
for many applications where clo e-up or 
even enlargements must be made of 
objects moving at very high speeds, as 
for instance, bullets and other projec­
tiles. Flash dura-tions of only 1 or 2 
microseconds are necessary for this work. 

These flash speeds have been. obtain­
able for a number of years by means of 
spark discharge equipment, which is 
extremely cumbersome. Owing to the 
limitations of the spark as a light source, 
most spark photography was done in 

ilhouette. Stroboscope design tech­
nique, however, offers a means of ob­
taining short, high-intensity flashes in a 

mall compact unit, with only a small 
power demand. 

Sin e the power required to operate a 
stroboscopic lamp varie directly with 
the fla bing rate, much less power I 

necessary for fla bing a-t inter als of 

FIG RE 1. View of 
the Microflash un­
packed and ready 

for operation. 
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FIGURE 2. Lamp housing and power supply 
lock "together in a convenient assembly for 
transporta"tion. 

everal econ.d or minutes than for the 
high repetition rates u ed for visual 
work. The dura1:ion of flash can be 
greatly reduced by proper design of the 
lamp and by u ing a mailer on.den er 
and charging it to a higher voltage. 

A preliminary design of the Micro­
.flash, T PE P-509, was described in the 
Experimenter a few years ago. 1 The new 
TYPE 1530-A Micro.flash i now available 
for general ale and pro ides a means of 
photographing objects in much fa ter 
motion than was possible with equip­
ment designed primarily for stroboscopy. 

Functionally, the electrical circuit of 
the Microflas is simple, consisting of a 
r ctifi r power upply, a con.den er 
which is charged to about 7500 volts 
from the power supply, and a lamp 
through which the condenser is dis-

1"A Light Sou.:ce for Ultra-High-Speed Pbo�ography," 
General Radio Experimenter, olume XVI, o. 4, Sep­
tember, 1941. 

O CTO BER, 1945 

charged to produce the flash. The flash 
is (�tripped" by an. impulse from a spark 
coil which ionizes the gas in the lamp 

u.ffi ien.tly to initiate the con.denser dis­
charge. The spark oil is excited by a 
thyratron, which in "turn may be tripped 
by making or breaking an. external con.­
tact, by pressing a button on the panel, 
or by an impulse from a microphone 
which picks up sound from the phenome­
non to be photographed. A built-in am­
plifier with a manual en i-iivity control 
· s provided. 

The external appearance of the Micro­
flash is shown in Figures I and 2. The 
view of Figure 1 shows the in trum.ent 
set up for operal:ion with the microphone 
arranged to trip the fla h. For transpor­
ta1:ion, the lamp and power suppl case 
lock together, as shown in Figure 2. 

Two sockets are provided for plugging 
in the "tripping cir uits, one for 1:he 
microphone, -ihe other for a con.tac or. 
A 1:wo-position switch pennits a choice 
of either make or break ontactor-trip. 

When the microphone is used, the 
time of the flash depends upon the dis­
tan e the ound wave travels before 
reaching the microphone. As can be seen 
from Figure 1, the microphone is pro­
vided with a cable of con iderable length 

o that the timing of -ihe flash can be 
adju ted o r a considerable range by 
moving the microphone with respect 1:0 
the object being photographed. 

In adjusting the time of flash, it is 
necessary to take into con ideration an 
initial minimum delay of 10 to 15 micro-

econds. hhough varying between 
the e limit among different in tru­
ment , the dela 1. pra tically con tant 
for any one unit. 

The duration of th flash is about 2 
micro econd , with a fain-t trailer lasting 
about 15 mi ro econds, a indicated in 
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Figure 4. To eliminate any effect of the 
trailer, film should be under-exposed and 
over-developed. 

Since the Microflash was originally 
developed for war research, its uses "thus 
far have been largely in the testing of 
am.munition, particularly new "types. A 
previous article 2 discussed a number of 
these "tests. 

The Microflash has m.any other appli­
cations in -.:his field, among them. investi­
gations of the impact of bullets, of arti­
ficially induced yaw to deflect projectiles, 
and of the action of rotating hands on 
shells. It has also proved useful in study­
ing the behavior of wads in shotgun 
shells, and resulted in radical changes in 
the design of the shells. 

Other studies in.elude the effects of 
underwater explosions on models; icing 

2"Microftash S�ows Flight Defects in Projectiles.•• Gen -
era) Radio Experimenter, Volume XIX, No. 11, April, 1945. 

on airplane propellers; the disintegration 
of rotors at very high speeds, particu­
larly turbine rotors and rayon buckets; 
the bursting of fluid containers under 
extreme pressure conditions, and the 
mechanism. of self-sealing in bullet-proof 
fuel tanks for airplanes. 

Other projected uses in.elude the study 
of the propagation. of fractures in mate­
rials, and of the mechanism. of wear in 
automobile tires at high speeds. The 
Microflash also has possibilities for 
studying cutting and grin.ding operations 
with machine tools. For industrial re­
search where the behavior of rapidly 
moving objects must he recorded, it 
offers a means of saving both time and 
money, and for m.any problems offers 
the only method of obtaining a satis­
factory solution. 

- H. s. WILKINS 

FIGURE 3. Micro8ash. phot.o of the explosion of a shot.gun shell as it leaves t.he muzzle of gun, 
which is out. oft.he pict.ure at. t.he right.. Not.e t.hat. t.he wads can be seen as well as t.he clust.er of shot. 

- H. E. Edgerton 
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- Courtesy Je.ffer5on Proving Ground, Ordnance Departrnern, U. S. Arrny. 

FIGURE 4. Photographs of three rounds of am.munition showing ho-th yaw and erratic behavior 
of windshields. 

The photographs shown below were taken by H. E. Edgerton and F. E. Barstow and are reproduced 
through the courtesy of the Hartford-Empire Company 

FIGURE 5. Uncom­
pleted fract:ure in an 
experimental botde. 
The heavy line is 
drawn whh gold on 
the glass, which, when 
i n t e r rup ted b y  a 
crack, opens the cir­
cuit t:o trip the Micro­
flash. N ot:e t:he faint: 
lines at: t:he ends of 
the cracks which in­
dicate t:he direc1:ion 
the fracture lines will 
take. The velocity of 
propagation of the 
fracture has been de­
t:ermined by Micro­
Oash photography to 
be a p p r o xim a t e ly 
5000 feet per second. 

FIGURE 6. Experiment:al bottle 
breaking by severe impact: 
on a steel plat:e. The Micro­
flash tripping circuit is closed 
by a sheet of tinfoil driven 
agains"t "the st:eel by the bott:le. 

/ 

FIGURE 7. Fracture of an ex­
peri:rnental hot:de under 520 
lb. /sq. in. water pressure. The 
fracture start:ed at the center of 
the radiat:ing pat:tern. The Mi­
croflash was tripped by a crystal 
phonograph pickup with needle 

bearing against the glass. 

FIGURE 8. Fracture of an ex­
perim.ental bottle under 730 
lb. /sq. in. water :pressure. The 
t:ripping mechamsm was the 
same as that used for Fig-

ure 10. 
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SP E C I F I C A T IONS 

Dur at ion of FI ash: Approximately 2 micro-
econds. 

Power Supply: 105tol25,210to250volts, 
50 to 60 cycles. 

P ow e r I n p u t : 7 0  watts. 
Tubes: 

1 - 5T 4 (RCA) 1 - FG-17 (GE) 
1 -2V3G(RCA) 1 - 6AC7 (1852) RCA 

Ac c es so r i es S u p p I i e d : Microphone with 
cable; tripod; all t be ; spare pilot lamps and 

Type 

fuses; 2 spare flash lamps TYPE 153 0-Pl; plug 
for connection to contactor-trip jack. 

M O U n t i n g : The power supply and trigger cir­
cuits are assembled in one metal case, th lamp 
in another. The two cases lock together for 
transportation , completely protecting the lamp 
and controls. 
D i m e n s i o n s : 24 Ys x 13 U x 11 %:' inches, 
o erall. 
N e t W e i g h t : 72 pounds. 

Code Word Price 

1530-A I M i

.

croftash . . . . . . . . . . . . . . . . . . . . . I 
1530-Pl I Replacement Fla h Lamp . . . . . . . . I 

T FFY 
TO IC 

$525.00* 
15.00* 

*Plus Curren l Federal tax on photographic equipmen . 

Licensed under de igns, patents, and patent applications 
of Edgerton, Gerniesbauseo and Grier, including Patent 

08. 
2,185,189 
2,201,166 

2,331,317 

2,201,167 
2,302,690 

and under Patent o. 1, 790,153 and other patents covering 
electrical discharge devices and circuits with which said 
device may he used, owned by the General Electric Com­
pany or under which it may grant licenses. 

ERRATUM 

e I N T H E S P E C I F I C A T I 0 N S for 
TYPE 816 V acuu:m-Tube Precision Fork, 
described m the September Experi-

menter., the frequency designation was 
inad ertently omitted from. the price list. 
The listing should have read as follows: 

Type 

816-A 
816-B 

Description 

Vacuum-Tube Precision Fork ... . . 
Vacuum-Tube Precision Fork .... . 

Frequency 

5 0  c.p.s. 
60 c.p.s. 

Code Word 

FERRY 
FABLE 

T
HE General Radio EXPERIMENTER is rnailed without charge each 

month to engineers, scientists, t;echnicians, a,nd others interested in 
communication-frequency measurernent and con·trol p roblems. When 
sen:ding requests for subscriptions and address-change notices, please 
supply the following inforrnation: name, company, address, type of bus­
iness company is engaged in, and title or position of individual. 

GENERAL RAD I 0 COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHO NE: TRO WBRIDGE 4400 

BR A N C H 

NEW YORK 6, NEW YORK 

9D WEST STREET 

TEL.-WORTH 2-5837 

ENGIN E E R ING 

LOS ANGELES 38, CALIFORNIA 

1000 NORTH SEWARD STREET 

TEL.-HOLLYWOOD 6321 

O F F I C ES 

CHICAGO 5, ILLINOIS 

92D SOUTH MICHIGAN AVENUE 

TEL-WABASH 3820 
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