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Vacuum-Tube Test Set (April, 1947)
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-3-



INDEX BY TYPE NUMBER

Type V-5 Variac
V-5 Series Variacs--New, Improved Models Re­
place 2UU-C Series (Gilbert Smiley: May, 1946)

Type V-IO Variac
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w. Lamson: April, 1946)
Production Testing with Impedance Bridges
(September, 1945)

Type 654-A Decade Voltage Divider
Decade Voltage Divider Now Available (Decem­
oer, 1946)

Type 707-A Cathode-Ray Null Detector
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-4-

Type 816 Vacuum-Tube Precision For~
A Precision Tuning Fork with Vacuum-Tube
Drive (Horatio W. Lamson: September, 1945)

Type 916-A Radio-Frequency Bridge
Lead Corrections for t~e Radio-Frequency
Bridge (October, 1946)

Type 1140-A U-H-F Wavemeter
A ~avemeter for 240 to 1200 Me~acycles

(Eduard Karplus: October, 1945)

Type 1175-A Frequency Monitor
A Versatile Monitor for Use from 1.6 to 150
Megacycles (C. A. Cady: February, 1947)

TYt~el~~~;~a~ie~~~~i~r~e;;~quencyMeter (H. H.
Scott: February, 1946)

Type 1181-A Frequency Deviation Meter
Tile New Broadcast J.oni toring Equipment
(November, 1946)

Type 123.-A Amplifier and Null Detector
A Convenient .Eunplifier and Null Detector
(H. H. Scott, W. F. Byers: March, 1946)

Type 1260-A Variac Rectifi",'
Type 1260-A Variac Rectifier (F., E. Gross:
March, 1946)

Type 1261-A Power Supply
Type 1261-A Power Supply (E. E. Gruss:
March, 1946)

Type 1530-A Microflash
A Light Source for Microsecond Photography
(H. S. Wilkins: October, 1945)
MUltiple Photographs with the Microflash
(April, 1946)

Type 1614-A Capacitance Bridge
A Handy Pair of Bridges (Horatio W. Lamson:
February, 1946)

Type 1631-A Inductance Bridge
A Handy Pair of Bridges (Horatio W. Lamson:
February, 1946)

Type 1800-A Vacuum-Tube Voltmeter
A New Vacuum-Tube Voltmeter (C. A. Woodward,
Jr.: September, 1946)

Type 1802-A Crystal Galvanometer
A Pea~-Reading Voltmeter for the O-H-F Ranges
(Arnold Peterson: October, 1946)

Type 1861-A Megohmmeter
An Improved Megohmmeter for A-C Operation
(W. N. Tuttle: November-December, 1945)

Type 1931-A Modulation Monitor
The New Broadcast Monitoring EqUipment
(November, 1946)



INDEX BY AUTHOR

Adams, Kipling
Measuring Lateral Motions in a Rotating System
with the Strobolux (April, 1946)

Byers, v,. F.
A Convenient Amplifier and Null Detector
(liarch, 1946)

Cady, C. A.
A Versatile lIonitor for Ose from 1.6 to 150
Megacycles (February, 1947)

Easton, I. G., and Field, R. F.
A .ide-Frequency-Range Capacitance Bridge
(April, 1947)

Field, R. F., and Eastvn, t. G.
A Wide-Frequency-Range Capacitance Bridge
(April, 1947)

Field, R. F.
Connection Errors In Capacitance Measurement
(May, 1947)
D & Q (lIay, 1946)
How Humidity Affects Insulation (part I--D.C.
Phenomena (July-August, 1945)

Gross, E. E.
Type l260-A Variac Rectifier (March, 1946)
Type l26l-A Power Supply (March, 1946)

Karplus, Eduard
A Heterodyne Frequency Meter for 10 to 3,000 Me.
(JulY-August, 1945)
A ~avemeter for 240 to 1200 lie (October, 1945)

Lamson, Horatio W.
A Handy Pair of Bridges (February, 1946)
A Precision Tuning Fork w1th Vacuum-Tube Drive
(September, 1945)
Have You a Type 650 Impedance Bridge?
(April, 1946)

Li ttlejohn, H. C.
Heat Dissipation from Cabinets for Electrical
Instruments (January, 1946)

McElroy, P. K.
Those Iron-Cored Coils Again--Part I, Inter­
changeability of Permeability and Frequency
(December, 1 46)
Those Iron-Cored Coils Again--Part II, Fring­
ing at an Air Gap (January, 1947)

Peterson, Arnold
A PeaK-Reading Voltmeter for the O-H-F Ranges
(October, 1946)
Output Systems of Signal Generators (June,
1946)

Saylor, W. R.
An Analyzer for Vibration Measurements
(November-December, 1945)

Scott, B. B.
A Convenient Amplifier and Null Detector
(March, 1946)
The Constant ~aveform Frequency Meter (Febru­
ary, 1946)

Sinclair, D. B.
Search Receivers for Radar Countermeasures
(March, 1947)

Smiley, Gilbert
V-5 Series Varlacs--New, Impr6ved Models Re­
place 200-C Series (May, 1946)
Y-IO Series Varlacs--New, Standard Models,
Intermediate Between 200-C and 100 Series.
(July-August, 1946)
Variac Overload Protection (May, 1947)

·Soderman, R. A.
A Wide-Range O-H-F Test Oscillator (Novem­
ber, 1946)

Tuttle, "I. N.
An Improved lIegohmmeter for A-C Operation
(November-December, 1945)
The Series and Parallel Components of Impedance
(January, 1946)

\ll1kins, H. S.
A Light Source for Microsecond PhotographY
(October, 1945)

Woodward, C. A., Jr.
A NeN Vacuum-Tube Voltmeter (September, 1946)

-5-



JANUARY· FEBRUARY 1945

4

3

ISS U ET HISIN

FIFTH ARMY·NAVY "E" AWARD
TO GENERAL RADIO COMPANY
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• A F0 URTH STAR for our "E" ban­
ner, marking the fifth Army-Navy Pro­
duction Award, was granted to the
General Radio Company on December
23,1944. We arc proud of this recognition
of our efforts, and it gives us pleasure to
be one oithe few in the electronic industry
that have received the award for the fifth
time.

The production of precision electronic
test equipment is a highly specialized
business. Test equipment is produced in

a wide variety of designs for its many uses, but only in relatively small
quantities of each.

'Var requirements have increased the demand for our test equip­
ment many-fold. We were faced with the problem not of conversion to
war materials production, but of increasing peacetime volume suf­
ficiently to meet the demands of war. However, even the requirements
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for war are usually not sufficient to
permit mass-production methods. There­
fore, other means of expansion had Lo

be found.
The maintenance of quality and pre­

cision regardless of quantity is a primary
consideration. These can only be effec­
tively maintained by close su~rvision

of the final manufacturing operations,
including final assembly, calibration, and
test. To assure this at General Radio we
have kept these operations under OUf

own roof, where both the best facilities
and the most experienced personnel arc
available.

A large part of the other manufactur­
ing operations have been subcontracted.
l~or instance, several excellent machine
shops have been located, where many of
the machining operations arc being
done. Although these shops were not
previously familiar with the type of
work which we require, a group of our
highly skilled representatives circulate
among them to assist them in following
our 8pecific~tions and requirements.
A('ross the street from our luain factory
is located the plant of one of the largest
candy manufacturers in New England.
Owing to wartime restrictions, this
thoroughly modem plant fOtmd it neces­
sary to curtail operations. Taking ad­
vantage of the opportunity thus af·
forded, we arranged to start them in as
a major subcontractor. and an entire
floor of the candy factory was con­
verted to the production of electronic
components. Personnel skilled in candy
making were taught, and quickly learned,
the techniques of electronic component
production. This one subcontracti:pg
arrangement alone provided a most effi­
cient source of supply of vital compo­
nents which would otherwise have been
a serious bottleneck.

Many other processes that were

2

originally performed here were also sent
out to other plants which had available
the faeilities and skills to perform them.
This extensive use of subcontracting
freed a sizable portion of our main
factory for concentration on the final
production operations which are so crit­
ical in the maintenance of quality.

The necessary expansion of the Cali­
bration and Test Laboratory entailed
most serious difficulties, because the
procedures are necessarily c9mplicated
and ean only be undertaken by very
well-trained and able personnel. To
meet this need, training classes were
started for groups of female employees.
The fundamentals of eleetrieity and
radio were taught, and the theory and
practice of electronic measurements
were gone into as far as time permitted.

Occasionally the demand for a partic­
ular instrument has exceeded the capac­
ity of our expanded facilities. In these
cases we have turned over to other
firms complete designs, drawings, and
models for their exclusive use. No
royalties or license fees were charged.

In common with every other elec­
tronic producer. we were and are faced
with the problem of the continual sub­
stitution of materials and components.
Some of the substitutions of materials.
for instance. were carried on to the fifth
degree. In components also. new sources
of supply are continually being in­
vestigated to insure a smooth flow of
these vital elements.

The Army-Navy HE" award is a
recognition of production achievement.
Another achievement of which we arc
proud is the substantial contribution
that our Engineering Department has
been able to make to the prosecution of
the war by development work on secret
war projects that the General Radio
Company has undertaken. Still another

Copyright. 1945, G~n .. r.1[ Radio Company, Cambridge, Mass., U. S. A,
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is the large amount of consulting engi­
neering service that has been given the
Armed Services on problems where our
experience could he helpful. Many
thousands of hours of highly skilled

JANUARY· FEBRUARY 1945

engineering service have been devoted
to the solution of tbe specialized prob­
lems of this technical war. Our hope is
tbat we have contributed our best
toward an early viclory.

GET YOUR ORDER IN NOW
FOR POSTWAR DELIVERY

• YOU ARE UNO 0 UBTE 0 LY G I V­
I N G consideration to the replacement of
some of the old test equipment in your
postwar plant with new and modern de­
signs as soon as they become a vailable for
civilian use. A moniLor for the broadcast
slation, a standard-signal generator for
the receiver laboratory, and a new vac­
umn-tube voltmeter for general Lest pur­
poses may be among the possibilities.

A plan for accepting orders without
priority rating now for delivery later
when war conditions permit has been in
operation for some time. A brief men­
tion of this ~~reservation-order" plan
was made in last month's issue of the
General Radio Experintenter. Under the
plan we shall be glad to receive your
reservation-order for new equi pment of
the latest design for delivery to you as
soon as conditions pennit.

Our reservation-order plan is very
simple. Send us your order on your
regular order form marked UReserva­
tion-order - for delivery later." We
wiU fill these orders chronologically hy
the date that we receive them. 'Ve
guarantee that these reservation-orders
will receive first attention as soon as the
priority restrictions are lifted, that the
latest design of equipment will he used
to fill them, and that no other orders
will be filled until all of the reservation­
orders are taken care of. No deposit or
guarantee is required.

Because you may change your mind

before shipment can be made, or because
we may find that for some reason we
will not be in a position to supply the
particular material called for, these
reservation-orclers may· be cancelled by
either of us up to sixty days before ship­
ment would be made. 'Ve will, of course,
advise you in time of the estimated
shipping date and wiU then supply you
with complete specifications and price.

Although no public announcement of
this reservation-order plan bas been
made until recently, it is already very
popular, and a substantial number of
orders have been recei ved.

Our Engineering Department has
been fully occupied with research and
development for war purposes. Out of
these developments are emerging plans
and designs for greatly improved post­
war products. We eXl>ect to have new
designs available to supersede a num­
her of the instrumen ts listed in our last
general catalog of 1939. These new
products will embody the important
developments and advances that have
been made during the war years. For
the purpose of reservation, however,
your order may make reference to the
now current type llUlnbers or names.

The requirements for the Armed Serv­
ices come first. When the war job is
done, we will convert to the production
of the most mod"ern designs of precision
test equipment for the civilian market.
Ueservation-orders will come first.
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CORRECTIONS FOR RESIDUAL IMPEDANCES
IN THE TWIN·T

(1)

(2)
(1 + wL'B'x)'

Gx

These values are all essentially inde·
pendent of the setting of the condenser
and, with the exception of the resistance
Re, are independent of frequency. The
latter varies directly as the square root
of the frequency, inasmuch as skin-effect
is complete at frequencies where Re can
have any significant effect on measure­
ments.

The errors introduced are, in general,
proportional to the square of the fre­
quency, to the magnitude of the suscep­
ti ve component of the amuittance being
measured, and to the initial setting of
the precision condenser. Because of this
latter fact, the initial setting should
always be as low as possible.

FIGUHE 1. EquivalcIll circuit of the precision
condenser used in TYPE 821-A Twin.T, showing

the location of residllal impcdancc!'!.

In these equations the symbols that
appear are identified in Figure 1 and as
below.

Cel and Ce2 are the effective capaci­
tances between the point 1/ (Figure 1)
and ground, for the two settings of the
precision condenser. They differ from
the direct-reading static values of ca·

Nature of Errors

The four residual impedances listed
above introduce several correction fac­
tors which must be applied to the ob·
served readings to determine the true
value of the unknown a9-mittance Yx =

Gx + jBx . The complete approximate
expressions that include all terms signifi­
cant at any frequency within the oper­
ating range of the instrument are

B _ w(C" - C,,)
x-1+wL'B'x

G"(l - w2L"CeJ2
+KwB'x(C" + C,,)

UNKNOWN

L'

LC

.WHEN MEASUREMENTS ARE
MAD E near the upper frequency limit
of the TYPE 821-A Twin-T Impedance
Measuring Network, it becomes neces­
sary to correct the observed results for
the effects of certain undesired im­
pedances that exist within the measuring
circuit. The only internal impedances
that give rise to significant errors are the
residual inductance and resistance of the
precision condenser across which the
substitution measurement is made. AU
other impedances in wiring or circuit
components have been reduced to
negligible values or else do not affect
the measurement, because of the sub­
stitution method employed.

In the approximate equivalent circuit
(Figure 1) of the precision condenser
are shown the relative locations of the
important residual impedances. Average
values are as follows:

Lc ~ 6.1 X 10-9 It
Rc = 0.026 il at 30 Me
L" ~ 3.15 X 10-9 It
L' ~ 6.8 X 10-9 It

c

RC
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pacitancc because of the inductance Lc,
in accordance with the expression

'The conductance dial reads directly ill ....mho all, 3, 10,
and 30 megacycles. Al all olher frequencies the reading
must be multiplied by the square of the ratio of the operat­
ing {re(l'leney to the nominal frequency for the particular
~witch ~elting uaed.
"L' is alao in series with the inductance of any external lead
that may he used to connect the unknown to the instru­
ment. It is shown later thaI, because of tbis fact, the chart
for the L' correction may also be used to correct for lead
inductance.

2 1>' "10 20 30 .50'
FREQUENCY IN ME.GACYCLES

uO,98

~096

~ 0.94

'60,92
•
gO.90 ill
:0,88 ~
Q

~~086

~ 084 >
0
<:>0.82

0.80

078

0,76

.
w

"
~
~
>

05

02

0.5

5

~
j 02
d'
.: 0,1.10"'

FIGURE2. Chart No.1 for determining the quan­
tity 0::. To facilitate reading the chart at low
values of capacitance, the portion below 200 Milf

is ex[)anded and plotted below the main chart.

B'X = w(C" - C,,) (7)
G'x = G"" + nG (8)

Gil, eel' and Ce2 have been previously
identified. The faclor" ~ (l-w'L"C,,)'
is the correction introduced by L". The
quantity /)"a is the corrcction introduced

(3)

(6)

(5)

a

C

Gx

Chart No.2 for determining tile
which is used to calculate the
correction term nC.

C
C, ~ =-~c=­

1 ~ w2L cC

where a is defined as 1 ~ w2LJ.: and C
is the reading of the precision condenser.

The quantity B'x is the effective sus­
ceptance difference between the two
settings and is equal to

B'x ~ w(CO, - C,,) (4)
The quantity GIf is the apparent con­
ductance as determined directly from
the dial readings. l

Correction for Errors
Although the above expressions are

formidable, the calculations involved
can be reduced considerably by the use
of charts, together with a systematic
tabular form of calculation. In the fol­
lowing, the expressions {or Gx and Ex
arc rewritten in forms that lend them­
selves readily to comparatively rapid
evaluation, using the charts presented.

Designating the admittances at the
points b' and b" by a corresponding sys­
tem of primed notation, and identifying
the various correction factors by suit­
able symbols, we may write

Bx = B'x
'{

G'x

'{'

The quantity 'Y = 1 + wL'B'x is the
correction factor introduced by the in­
ductance L', which is effectively in series
with the unknown admittance. 2

In turn, the quantities B'x and G'x
are related to the observed quantities by

FIGURE 3.
quantity [j
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The charts give the quantities a, {3, 'Y

and 0, using the average values of the
residual impedances as previously given.

In terms of the quantities a, (3, ')', and
0, expressions 1 and 2 become

~O.98

~O_96

~:Z094

:(0.92

"§090
~O.B8

:?086

"~O.84ouoa2
0.80

0.78

W(CI _ ~)
B x "I B'x

-y -y

and

G"fJ + oB'x (Ct + C2)
.353433:32313029 Gx ~

a1 a2

-y'

l(a)

2(a)

FIGURE 4. The correction factor (3 is deter­
mined from Chart No.3, shown here. Full-size
reproductions of these charts are available to
users of the Twin·T upon request to the General

Radio Company.

by the resistance Rc and is given by
t>G = RcwB'x(C" + C~) (9)

~ oB'x(C" + C,,)

The charts are plolled in unitscorrespond­
iug to the dial calibrations (megacycles,
micromhos, and micromicrofarads) so
that no conversion factors need be used.

The data sheet of Figure 8 tabulates
the various quantities involved, in the
sequence they are used in arriving at the
final answer. The usc of a data sheet of
this kind, in connection with the charts,
reduces the amount of calculation re­
quired, greatly minimizes the chances of
error, and provides a pennanent and
orderly record.

Numerical Examples

Several actual calculations are shown
in the table, for different unknown ad­
mittances and at several frequencies.
The observed data for these examples
were as follows:

j C1 C, G"
No.1 30 Me 100.0 388.1 300
No.2 30 Me 250.0 151.5 55
No.3 25 Me 100.0 139.8 62.5
No.4 30 Me 100.0 110.0 1000
No.5 10 Me 1000.0 442.4 80

Corrections for External Lead

The result obtained by the method
described gives the conductance and

FIGURE 5. Chart No.4, for determining 'Y. is
given iu 3 parts. Chart No. 4A, shown here, is
used for positive susccptances, corresponding

to capacitive unknowns.
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That is,

FIGURE 6. For negative susccptances (induc­
tive) Chart No. 48. above, is used.

J'=J(l+~:) (10)

where l' is the frequency at which the
correction factor given by Chart No.4
(for L' alone) equals the total correction
for L' + L, at the actual frequency of
measurement (f). Thus the correction

...
.93

92

"
~
69:;'

6S":'

."
96

-8'.

:-

aThis l)Oint if discussed on pa,e 13 or the instruction book
rO<' Ihe Tyl'!;; 821·A Twin.T JJl1IICJllnce-MU.lurin, Circuit.

susceptance of the admittance at the ter­
minals of the Twin-T. In many cases, of
course, the admittance to be measured
cannot be brought directly to these
terminals and an external lead must be
used. Such a lead will in itself introduce
correction factors which may under cer­
tain circumstances easily exceed those
produced by the internal impedances.
even if care is taken to make the lead as
short as possible.

The capacitance to ground of the ex­
ternal lead introduces no error if the
initial balance is established 'with the
leads in place but disconnected at the
unknown.3 The inductance of the lead
(L,) causes the observed admittance to
differ from the true admittance. Since
the lead inductance is in series with the
internal inductance L'. it is apparent
that the correction introduced by L z is
identical in form with that introduced
by L'. The correction for the series ina
ductance depends, for a given B'x, on
the reactance of the series inductance.
Accordingly, the corrections introduced
by tbe sum of L' and L, will be equal to
the corrections that would be produced
by L' alone at some higher frequencY,f'.

FIGURE 7. Chart No.
4C shows e.~panded

the crowded portions
of Charts 4A and 4B.
'For use in determin­
ing lead corrections
(see text) a much
wider range of fre_

quency is shown.

ICHART INQ4C

INDLlCTIVE
-e'. MICRQt,4HOS (MULTIPLY BY 10')

201816141 64
4 6 8 10 12 14 16 18 W
+BI~ MICROMHOS (MULTIPLY BY IO!)

CAPAClTlVE
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FICUIlt.: 8. Typical data sheet for tabulating the correction (llC'lors

and facilitating calculations.

fOI' L' and L l can be made simultanc·
ously by entering li'igure 4 with the fre­
quency l' as detenninecl by Equation
(10)- Allernatively, the combined cor­
rection can be deternlined {rom Chart
1 o. 4, using the operating frequency but
using a value of B determined by InuIti­
plying tbe actual B'x by 1 + L,jL'_

The value of L l can be estimated fairly
well by calculation or can be measured
by a method described in the instruction
hook (page 13)_

Although the magnitudes of the resid­
ual parameters used in preparing the
charts are average values, the charts can
also be used with values as measured on
any particular instrument by uSlllg
methods similar to tbat described above
for lead inductance. Ordinarily, how­
ever, tbe usc of the average corrections

rather than those measured on any
particular instrument will produce no
significant error in the result.

The charts and data sheets repro­
duced here are available in limited
quantities without charge to users of the
TYPE 821-A T,,~n-T Impedance Meas­
uring Network. A set of charts and a
quantity of data sheets will be sent
promptly upon receipt of the serial
number of the instrument with which
they are to be used.

-IVAN G. EASTON

ACKNOW LEO G MEN T The use of charts for
determining corrections on the Twin.T was
ori~inally suggested by Mr. Dwight Blanchard.
of tlle Standards Laboratory. Sperry Gyroscope
Comllauy. who prepared a set of charts for his
own use.

The c!Iarts shown !Icre diffcr slightly {rom
those used by ~{r. Blanchard. but arc an out·
growth of his work.

THE GENERAl RADIO PULSE GENERATOR
• MODERN ElECTRONIC MEAS­
UREM EN T S often involve the use o[
square waves or pulses. J'or tests in­
volving rjse and decay time, band width
or transient characteristics, a steep
wavefront is necessary.

Square waves and pulses are essen·
tially the same thing. However, in com-

mon usage the terms are generally used
to djfferentiate between rectangular
waveforms having respectively sym­
metrical and nonsymmetrical positive
and negative portions.

In many types o[ work with square
waves, it is necessary that the waveform
.be symmetrical. That is, that the posi.
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tive and negative portions of the cycle
be equal in time duration. Thisisparticu­
larly desirable in testing audio-frequency
amplifiers or other similar devices in
which continued application of a non·
symmetrical waveform will cause a shift
in automatic bias circuits. On the other
band, for testing circuits such as those
used in various types of timing and
ranging equipment, extremely short
pulses arc preferable 60 that the square
waveform may actually have the nega­
tive portions of the cycle 1000 times as
long as the posi ti ve portions. or vice
versa.

With a symmetrical square wave the
average voltage is midway between the
positive and negative peaks. With a
pulse wave, on the other hand, the aver­
age voltage approaches that of the
longer of the two peaks, so t.hat the wave
becomes ill effect a series of pulses, posi­
tive or negative as the case may be. This
is shown in Figure 2. It is particularly
desirable in mallY tests to modulate a
standard-signal generator with this type
of waveform, thus providing an output
which consists o[ a series of relatively

JANUARY· FEBRUARY, 1945

short pulses of radio frequency timed
accurately and with practically com­
plete cutoff of the radio-frequency signal
between pulses.

The General Radio TYPE 869-A Pulse
Generator has been developed particu­
larly for these applications. \Vhile this
instrument has in the past beell manu­
factured only [or a few special applica.
tions, it is now available in sufficient
quantities to be added to the regular
General :H.adio line of laboratory equip.
ment.

The pulse circuit itself is o[ standard
design, comprising two thyratrons, Olle
of which turns the pulse 011, while
the other turns it off. Pulse length is
adjustable from 0.3 to 70 microseconds
by means of an adjustable time delay
circuit which controls the sccOIid thyra­
trOll. An approximate calibration is
provided on the panel so Lha L Lhe
instrument is direct-reading in pulse
length for most practical applications.

The pulse rate may he varied be­
tween 20 and 4000 per second and is
controlled by synchronization from an
external source, which may be a part

FIGURE 1. View of the TYPE 869·A Pulse Generator, showing IMllcl and controls.
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FIGURE 2. (above) Square Wave and
(beLow) Pulse Wave.

of the equipment under tcst or a stand­
ard audio-frequeney oscillator. The only
restriction in this frequency range is
that pulse lengths above 10 miero­
seconds cannot be used at rates above
1000 cyeles beeause of the deionization
time in the thyratrons themselves.

The pulses are essentially flat-topped
with an effective rise time of 0.1 micro­
second for pulse lengths below 10 micro­
seconds. For longer pulses the rise time
is always less than 10% of Lhe pulse
width.

While the pulsing circuit itself is fairly
conventional, certain circuit refinemenLs
have been added to improve the life of
the thyratrons and to provide completely
independent controls for pulse ampli­
tude, length, and rate. The pulse length
is independent of the load connected to
the generator. A synchronizing amplifier
of the limiting-differentiating type is
included to provide highly accurate

timing of the pulses, even when they are
controlled from a low-amplitude sine
,,"'ave. The output of this amplifier is also
available for triggering a cathode-ray
oscilloscope, thus providing a high de­
gree of synchronization in the pattern
on the screen. This is a particularly
important feature for most pulsing tests,
since any error in the timing of the
pulses must be smalJ compared to the
rise time, or an unsteady pattern will be
produced upon the oscilloscope screen,
thus completely obscuring those very
details which it is most desirable to
observe. Phasing controls are provided
to adjust the position of the pattern on
the screen. An oscilloscope for use with
this pulse generator should of course be
of the triggered-sweep variety.

The pulse generator was originally de­
signed for modulating various General
Radio signal generators which were in
use in the field and which had been
modified to allow pulse modulation. It
is, of course, also suitable for pulsing
various radio-frequency oscillators that
have been designed for the purpose.

The instrument includes a phase­
inverting output amplifier providing
either positive or negative pulses at
various impedance levels, as shown in
Table 1. For best pulse shape, the low­
est possible output impedance should be
used. The instrument is completely
shielded and provided with a shielded

TABLE I
PEAK OUTPUT VOLTS-OPEN CIRCUIT

Pulse Polarity

Output Positive Negative Operating
Seuing Frequency*

20 Kn 1000 n 500 n 100 n 100 n 500 n 1000 n 20 Kn
---

Range A 90 80 70 20 18 ·80 150 300 500 ~
Hange B 100 90 80 20 18 90 170 300 500 ~
Range C 100 80 80 20 18 90 180 300 500 ~

*For other operatmg fretlUeliclee. the volta gee WIll be approxlluately wlthm 20% of the values gIven above. In geneml.
the open circuit output voltage will lend to decrease as the pulse width and operating frequency increase.
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cablc for connection to a signal gcncr·
alor, thus permitling operation of the
signal generator at low carrier output
levels without interference from the
pulse generator. The pulse generator is

adapted for making a wide variety of
laboratory Lests where steep wavefronts
are required.

- IT. H. SCOTT
C. A. CADY

SPECIFICATIONS

Mounting: :Metal cahi'lct.

Out put ,A mp Ii tu de: See Tahlc I.

Effective Output Impedances:

100 II

100 n350 n

500 n

350 II

with Instrument:
2 -Tn'E 884
1-1'\'PE 6SC7
1-TVPE 6ZY5G
1-TnE VR.I05.30

20 Kn 1000 II

Positive

350 n

Impedance
Setting
Output
Impedance

Impedance
Setting 100ll 500 II 1000 II 20 Kn
Output
Impedance 120 II 550 II 950 II ll,OOOll

These values are approximate, and will change
with the load applied, due to the limiting action
of the output amplifier.

Power Sup ply: Either 115 or 230 volts, 50-60
cycles may be used. A variation of ±10% in the
supply voltage will cause a minor variation in
the output pulse amplitude, and will generally
tend to ehange the pulse width. For optimum
performance. operation at the U5· or 230.volt
value is recommended. Power input is 60 watts.

Ac c e s s 0 r i e s Re qui red: To drive the gener.
ator an a-c source is needed. The General Radio
TYPE 913-B Beat-Frequency Oscillator is
recommended. .

Accessories Supplied: _4. se,'cn-foot line
connector cord, two TYPE 274.:M: Plugs, one
TYPE 774-R2 Patch Cord, spare fuses, and pilot
lamps are supplied.

Dimensions: (Length) 19 x (height) 9% x
(depth) 12J/g inches, overall.

Net Weight: 38y.( pounds.

Tubes Supplied
2-TYPE 6H6
I-TypE 6AC7
I-TYPE 6X5
I-TYl'E VR·150·30

Pulse Amplitude Control: A panel control
[)cnnits the pulse amplitude to be adjusted
from zero to maximum. with a negligible effect
upon the pulse waveform.

Pulse Waveform: The pulse is essentially
flat-topped, and has an effective rise time of 0.1
microsecond for pulse widths less than 10
microseconds, For longer pulses, the rise time
is less than 10% of the pulse width.

Output Selector: A panel switcb permits
anyone of four impedances to be inserted in the
ouiput amplifier, aud also provides either posi.
ti'-e or negative pulses.

Input Voltage Wavelorm:Thisisnotcriti­
cui, and lIlay vary from a sine wave to a tri­
angular wave. Care must be taken, however, to
keep this signal reasonably free {rom power
8upply hum voltage.

Sy nch ro n iz i ng 0 utp u t :A c1ipl)ed sine wave
appears across the 8ynchroni..:ing output ter·
minals of approximately -160 and +50 peak
volts. This may be used to control the high­
81)eed swecl) circuit of an oscillograph, that has
been pro\'ided with suitable triggering ampli­
fiers.

Phasing Controls: Panel controls are pro­
vided to permit adjustable pbasing of the out­
put [llIlse, with respect to the voltage obtained
at the spwhronizing output terminals, o,-er a
limited range.

P u Is e Wid t h : The output pulse is continu­
ously adjustable over three ranges. These are
0.3-3.0, 3-10, and 10-70 microseconds, re­
spectively. The calibration of these controls is
apl)roximatel)' correct over the entire frc<lucncy
range.

Repetition Rate: 20 to 4000 cycles. Pulses
longer than 10 microseconds are limited Lo a
maximum frequenc)' of 1000 cycles.

Input Voltage: Between 5-10 volts arc re­
quired for normal control. For improved sta­
bility at the lowest frequencies. this mar be
increased to a maximwn of 30 volts.

Code Word Price

869-A I Pulse Generator .. OLIVE 8260.00
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WHEN YOU TELEPHONE

12

With thousands of orders continu­
ously in process, it takes time to check
up on the details of anyone order. To
answer questions ahout orders already
placed, we must have (1) order number,
(2) date of order, and (3) list of material
ordered.

The handling of telephone requests for
information will be greatly facilitated jf
you ask for the person who is likely to he
best informed on the matter about
which you call. Use the following lisL as
a guide, hut when in douLt, ask our
operators.

Call

H. P. Hokanson
P. G. Richmond
C. E. Hills, Jr.
M. T. Smith

For Information On

Delivery of orders aLready placed for catalog items
Placing and delivery of orders for component parts
Credit . . . . . ...
Prices and delj very of cqllipmcn~not yet ordered
Technical information on use of General Radio

equipment . . . . . . . . . 1. G. Easton
~1aintenance and Repair of General Radio {H. JL Dawes

equipment . . . . . . . . . . . . . K. Adams

OUf telephone number is

TROwhridge 4400 (Boston)

Extension

241
262
240
331

332
261
260

TIlE Gen.eral Radi.o EXIJ ER1Jl1ENTER is 'nailed without charge each month
to engineers, scienti,sts, technicians, and others interested in co,nmuni­

cation-frequency nl-easnrement and control problems. lJ7hen sending
requ.ests for subscriptions and address-change notices, please su.pply tlte
following information: luune, company address, type of bu.siness company
is engaged in, and title or position oj individual.

GENERAL RADIO COMPANY
175 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES

HEW YORK 6, NEW 'YORK
'0 WEST STREET

TEL.-CORTlAND.T J.OI'5.o

L'OS ANGElES 31, CALIFORNIA
1000 NORTH SEWARD STREET

HL.-HOLLYWOOD 6321

CHICAGO 5. ILLINOIS
'20 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3120
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HIGH· FREQUENCY COMPENSATION
FOR AMPLIFIERS

.ONE OF THE MOST USEFUL
T Y PES of high-frequency compensation
for a broadband amplifier is a series
coupling inductor as shown in a typical
inlcrstabre connection in }-"igure 1. The
simplified representation of Figure 2 il­
lustrates that this inductor, L, (orms with
the output capaci lance of one stage, C1,

a low-pass filter. \Vhccler1 has shown that
for a termination of such a filler by the image impedance of a consLant-k
section, best results will be oblaincd with a capacitance at the ter­
minated end of one-hall' that at the Ulllerminaled end.

In actual practice, the Lel'lninalion is usually a resistor, which docs
not satisfy \Vhceler's condition; and, while the ratio of the capacitances
can be varied by locating the grid resistor and blocking condenser at
one or the other end of tbe series ('oil, it is not always possible to obtain
a capacitance ratio of 72 unless a capacitor is added to one end. Since

Illaroltl A. Wheeler. "Wide_Band AIlll'lilie.... fur Televi8ion." "roc. 1.1<.£., Vol. 27, N ... 7, July. 1939,
1'11. 429-138.

FICUIUl:I. Jnlerstagc coul,ling circuit with series pCOlking inductor.
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9me9 L

_·'[[T·I
FIGURE 2. Simplified equivalent circuit or in­
terstage coupling with low-frequency effects

neglected.

the unavoidable circuit capacitances arc
the initial factors limiting the gain for a
given band width, adding capacitance
seems at first an undesirable procedure.

Since there seem to be no published
data giying additional details for design,
an analysis has been made of the simple
four~lemenlcircuit of Figure 2, in order
to determine if this ratio is necessary for
wliform gain over the desired band. The
present analysis has been carried through
only for tJIC amplitude characteristic. In
many cases the phase characteristic is
sufficiently important to require a de­
sign based on considerations of both
amplitude and phase.

The circuit of Figure 2 shows C, as lhe
total shunt capacitance at the tenni-

nated end of the fJ..Iler, Cl as the total
shunt capacitance at the unterminated
end, and R as the parallel combination
of the plate load resistor, R" and the
dynamic plate resistance of the amplifier
tube. The grid resistor, Rg , is neglected
as being very large compared to lhat
parallel combination. If Ro is on the
same side of the inductor as R I, it too
can be put into the parallel combination.
In addition, CI is expressed as a fraction
of f4 in order to simplify reference to
this iml)()rtant ratio, m.

A straightforward calculation of the
circuit of .Figure 2 shows that the mag­
nitude of the ratio of grid-to-grid volt­
ages, normalized to give unity at low
frequencies, is

It; Rc I' [ 1 (L) J'-"'--"- ~ 1 - -- -- (wCR)'
i eo l+m CR'

[ m (L ) J'+ wCR - (l +",)' CR' (wCR)'

Here one can select various values of
m and observe the effect on the gain
characteristic (the S<luare root of lhe
reciprocal of the above expression) of
various values of inductance. Some rep­
resentative results are shown in Figure 3.
The typical curve, representing the gain

FIGUHE 3. Gain
characteristic of a
single stage for
various valucs of
thc cUI)acitancc
ratio and peaking

inductance.
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as a function of frequency, as the fre­
queuey is raised, shows first a sag and
then a rise just .before the curve drops off
at cutoff.

The four solid·line curves of Figure 3
apply Lo the raLio of %, and show the
effect on the gain characteristic o( in­
creasing values of inductance. In de­
termining which value of inductance to
usc, one can plot a series of this type and
select one that gives the best compromise
between band width and flatness. An­
other procedure is to sel up certain
requirements for the gain characteristic
and on that basis determine the value of
inductance. Thus if

L = 4",,(1 - rn) R'C
(1 + m) ,

the gain rises as a maximum, after the
sag, to the same gain as at low frequen­
cits. This value of inductance corre­
sponds to the usual one given for the
rallo of 7-'2, viz., L = %R2C, and the
gain characteristlc for this value is shown
as a dashed curve in Figure 3. The corre~

spuoding curve for In = % is one with
L = ~{5R2C shown in Figure 3. How~
eVer, this value of inductance is not a
deBirable one except for ratios in the

vicinity of m = 7-'2. For values less than
3-i or greater than 1, the original require­
ments cannot be fulfilled, so that some
other basis must be used for those
extremes.

One interesting condition that can be
set up is based on a consideration of the
derivatives of the gain with respect to
frequency at zero frequency. All the

. gain characteristics for the present cir­
cuit have an initial horizontal slope
(first deriv8tive equal to zero at zero
frequency), with a resulting flatness at
low frequencies (without consideration
of the effect of the C,-R, eombinaLion).
As the frequency increases, the slope of
the gain characteristic changes from
horizontal, and the gain deviates from
the low-frequency value. By making this
change in slope as slow as possible one
can obtain an improved flatness. Ana­
lytically this condition can be expressed
as setting the next higher order deriva­
tives equal to zero. Thus if

L ~ (1 + rn) R2C
2 •

the first three derivatives are zero at
zero frequency. Furthermore, at the ;!/g
point, what has been called maximal

LO
WRC

0'

.4 , '.I
m<213 l.J6R1C iJI
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1/\
~
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m-l/3 L'~/3i:tC~\
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FIGURE II,. Gain
characteristic of a
singlc stagc with

!,=~ HZC
2 '

the vallie rcquired
to make the first
thrcc derivativcs
of thc gain with
rC81)cct to frc­
q ncncy zcro a t zero
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flatncss2 is obtained. with the first five
derivatives equal to zero. This value is a
transition onc, and the nature of the
transition can be seen in Figure 4, where
curves for various values of m and in ..
ductance values corresponding to the
flatness condition are shown. l(or values
of Tn less than ~, the gain decreases con·
tinualJy with incl'casing frequency, while
for values greater ,than ~ the gain in­
creases before it finally drops off al

cutoff.
When it is desired to maintain lbe

gain Wliform over the band with a cer­
tain tolerance in departure, both above
and below tbe low-frequency value, tbe
value of required inductance is not
rcawly expressed in terms oC m. How­
ever, the possibilities call be analyzed on
the basis of curves calculated by cut and
try to give the maximum band width
within the tolerance. If the total capaci­
tance, C, is held constant and the ratio,
111, varied, the following resuJts are ob·
tained when the inductance, L, is
adjusted in each case for that maximulll
band.

J'rom the condition of zero capaci.

tance at the terminated end (m = 0),
the usable band width for a given tol­
erance increases with increasing values
of m until a value of m of .73 is reached.
Up to this ratio no sag occurs in the
frequency characteristic.

Beyond this value of Ji a sag in the
curve will in general occur, and the
usable band width continues to increase
if the tolerance requiremen ts on gain are
chosen sufficiently large. Thu~ as shown
in Figure 5, for ±O.l db tolerance in a
single stage, a ratio of 7'2 gives a band
width about 1% times that for m = 73".
For ±O.5 db tolerance a ratio of %gives
about 17'2 times, and a ratio of 7'2 gives
about l%: times the band width' ob­
tained for a ratio of }./s. For ±O.l db,
however, a ratio of % has a band width
only about 0.8 that for a ratio of }.i.

Since, in mu.ltiple.stage amplifier~

the irregularities are multiplied by the
number of stages, the tolerances must be
reasonablr smalJ for a single stage. Thus
a ratio greater than 7'2 may be unde·
sirable unless additional means are used
for compensating for the irregularities.

-ARNOLD PETERSON

~v. D. LandOll, "Cascade Anll'lifier8 wilh Maximal
FIalnCllO!>:' RCA Redell', Vol. 5, No.3. ]annarr. 1941. Pl'.
317-362. and Vol. 5. No.4, April. 1911. I'P. 181-198.

INo significant ;ncrcalM: in "and wh.hh for", = Y.i ill 0'"
lained (oc Ihe ±0.5 d" lolerance br aherin, the ;ndueUlnoe
(rom Ihe 0.68 we valne ~ho"'n in Fi,ure 5.

FI(;UItE 5. Gaill

chantetcrio;tic or a
single stage with L
'l(Jjuo;tcd -to giVl'
the maximum L:.!IlJ
within 11 Aatncss tol.
erance of ±O.l Jh
(solid·line CUI"\'cs)

iWJ ±O.5 db
(dashed.line

curves).
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DYNAMIC BALANCING
WITH THE AID OF A

MARCH, 1945

IN THE FIELD
STROBOSCOPE

• THE PRO BLEM WAS to balance
a 2500 kw, 3600 rmp steam turbine. The
usual field method of shifting balance
weights and taking vibrometer readings
on each setting was ineffective as the
coasting and acceleration time of the
machine was quite long. Furthennore,
there was a kink in the shaft that threw
in a couple that was hard to neutralize.

The erector on the job did not know
where the high spot on the shaft was or
which way the unbalance force moved
when the shaft went through the critical
and the kink threw out. Some sort of
stroboscope was needed to spot this
motion.

Available was a General Radio Strobo­
tac, built so the bulb could be fired
from a variably tuned firing circuit cali­
brated in rpm, or from a set of external
contacts. This was rigged up to fire on
the external contacts by making a con·
tact that was mounted on the bearing
cap. As indicated in the drawing below,
a u''' bolt with SAE threads, a piece of
sheet metal .bent into an angle, and a
piece of :Micarta form an insulating
mount.

The bolt was grolUld to a needJc poin~

and set to run on a machined part of the
shaft just outside the bearing. The other
wire from the contactor was wrapped
around an ice pick and held in the center
of the shaft. Numbers were painted on
the shaft and the machine brought up to
the critical point. The adjustable COll­

tact screwed dowl1 until the bulb slarted
firing. The machine was then run
through the cri tical and the shift of the
high spot observed. The minimum shaft

shake in the bearings was .003" and the
contacts fired the strobotac satisfac­
torily on .002" separation.

Later this rig was used to check
dynamic balance on a high-speed arma~

ture from a 25 kw exci tel' by mounting
two bearings on a frame of wood scant­
lings and driving the armature with a
light belt from a 20" diameter by 4"
face wood pulley, chucked up in an air
drill for variable speed. Checking the
deflection of the scantling mount with a
dial gage and weights, and then cali­
brating the contact, made it possible to
calculate the balance weight required
with fewer balancing shots.

This trick is simply a mock-up of a
dynamic balancing machine, built in the
field around an instrument commonly
available.

Reprinted from IFestin~lj.QuseMaintenance
News with the permission of the 'Vest­
inghouse Electric and Manufacturing
Company.

}i'IGUHI-; 1. Diagram of arrangement and cow
lIectioll8 for dynamic halancing with the

Strobotac.

DYNAM1C BALANCI NO R1G

/1r-/J!/C(1da
jOl",,,s,,latio;f

SEARIN6

[<fad wiN's tc {:Cl/tDct(),,·
~__...; cO;Mecb"rJ;f$ ON lit::tl"((H/ent
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THE USE OF
AT VOLTAGES

VARI ACS*
ABOVE 230

.THE NORMAL OPERATING
POT E NT I AL o[ TYI'ES 200·CUII,
200.CMll, 100·R, and SO·ll Variacs is 0
to 270 volts when operated frolll a 230·
volt, 50-or 60.cycle source, or 0 Lo 135
volts when operated from a lI5-volt,
25-cycle source. However, it is some­
times desirable to operate equipment at
a higher voltage, and, while such appli­
cations are too infrequent Lo justify
production units, it is possible Lo extend

the voltage range considerably by proper
connections of existing units.

This extension of voltage range js
made possible by the usc of ganged units
similar to, but differing slightly in COIl­

nections frorn, the two ganged units
normally supplied for open-delta, three­
phase operation. Figure 1 il.lustrales this
connection. 'Vhen so connected the fol­
lowing ratings apply:

Variile Assembly 200-CUHG2 100.RG2 50·BG2

Inl'lll V I {50-60 cyclc!:! ~60 ~60 460
o Is 25 cycles 230 230 230

{50-60 cyclcs } zero lu I 5-10 540 510
OutJlut Volts 2- I \~ eye cs 270 270 270

Hated Currcllt, ampcrcs 2 9 20

l\'laximurn Current, arnlJcrcs 2.5 9 31

{ 50-60 cycles 1.15 4.14 ltL26
KVA atlilput Volts ?5 I .575 2.07 7.13_ eyc es

KVA. \1·· V I {50-60 cycles l.08 4.86 10.8
at .. ax. 0 ts 2- I _5·1 3.43 5.4~ C)'C cs

Net \'('eight, IlOunds 17X 59 175

Price 5-l-l.50 $85.00 8225.00

*Tn..le ,,,;.rk regielHetl ill U. S. ,\. 'ariau are r"arHlraclllre,r Mit.! ~olJ '.IIl.ler U. S. Palent N".2,00').013.

FIl:UltE I. Diagram of connections for high-voltage operation of a 2-gallg Variac.

t t
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MISCELLANY

MARCH, 1945

• MOST OF YOU WILL AGREE,
we think, that General Radio gives rapid
service on repair work, particularly for
war plants, to whom every minute o[
delay means a slowing down of produc.
lion. Recently, however, a repair job
wcnt through our plant SO fast that it
left us gasping.

A Midwest radio manufacturer en·
gaged in producing vital military radio
equipment called us by telephone. His
General Radio signal generator - a
specially designed u-h-f Illodel- had
been in con tinuous use for over a year
and was badly in need of repair and
recalibration. Time was important­
Army trucks were waiting outside his
plant to take his products away as fasL
as they came off the production line.
Could we do it? We could.

Tucking the generator under his ann,
one of tbe manwacturer'scngincers took
a plane to Boston late that afternoon.
At eight o'clock the next morning he was
at our door. Our repair department and
our standardizing laboratory went to
work on the generator immediately and
fmished the joh hy late afternoon. An­
other plane ride and the generator was
back in service the next day.

One of the things that keeps life Luter­
esting in our Service Department js the
unexpected problem that turns up now
and then. The latest of these concerns
some output power meters rejected
by the customer on the ground that some
of the ranges were inoperative. The cus­
tomer, we found, had drilled holes in the
panel to attach his own name plates.
Unfortlmately he drilled right through
the input transformers!

At a meeting of the Boston Section
of the Institute of Radio Engineers,
beld January, 1945, Eduard Karplus
of the General Radio Engineering
Staff discussed Ultra-High Frequency
Oscillators.

~Ir. Karplus' paper covered the use in
oscillators of the new butterfly circuits
(Experimenter, October, 1944) as well as
some newer types on which data have
not yet been published. Display boards
showing both butterfly plates and com­
plete circuits were exhibited. These dis­
plays, which are shown in the accom­
panying photographs, were also on
exhibition at the General Radio booth
at the I.R.E. 'Vinter Technical {eetinA"
held in Tew York in January.
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GLOVE TESTER
VARIAC

• WHEREVER RECTIFIER POWER
supplies are used, the Variac provides a
convenient method of adjusting voltage.
The accompanying illustration shows a
rubber glove tester designed by Mr.
Leonard G. Walker of the Idaho Power
Company. A Type 100-R Variac is used
'to vary the 240-volt a·c input to the
plate supply transformer of the 15000­
volt, d·c power supply. By means of the
Variac, voltage is buill up at the proper
ratc during the test cycle. Six gloves arc
tested simultaneously with this equip­
ment. \Vhen a glove fails, voltage is re­
duced Lo the point where the overload
relays do nol Lrip, and the shorted urn L

is identified from the leakage current
indicated by the corresponding milli.
ammeter.

RUBBER
USES

FIGURE 1. View o( the rubber glove tester
used by Idaho Power Company.

TilE General Radio EXPEIUMEN'fER is nlailed without charge each ntonth
to engineers, scientists, techni.cians, an.d others interested in con"tmuni­

cation-frequency Ineusurelnent alul control problents. When sending
requests jor subscriptions and address-change notices, please supply the
jollowinginjorntution: ruune, cOlupany address, type of bu.siness company
is engngedi.n, nnd U t.le 01' position ofindivi.dual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES

HEW YORK 6, HEW YORK
90 WEST STREET

TEL.-CORTlANDT 7·0350

CHICAGO 5, ILLIHOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820

LOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARO STREET

TEL.-HOLLYWOOO 6311
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• THE M I CR 0 F LAS H , a high·speed,
high-intensity light source for photog­
raphy, was originally described in the
Experimenter in 19·n,* wiLh the sLale·
ment that it was designed for use on
urgent defense projects and was not
available [or general sale. Since that time,
a considerable number of units. have been
built and have proved extremely valuable
in rescan.:h connected with the war efrorl.

The flash of light produced by the
M icroflash is of extremely short duration (about 2 Lo 3 microseconds),
and its intensity is sufficient to produce weU lighted photographs with
the high.spced film emulsions now available. The high speed of the
flash permits photographs of objects moving at extremel), high speeds.
Au interesting example of the use of the ~rieroflash is the work tbat has
been carried on at Jefferson Proving Ground on the flight of projectiles

-·Tl,e l\licroflal!.l, "Light Source (or Ultr..-lIigh-Spce.1 /'holol':raphy," Celle,.'(adio ExperimcIlIer.
XVI, I .septemher 1911 .

FIGUIlE 1. Microfl<lsh photogntph of <I 155-rllillimcler projectile 1100 feet from the
Illuzzle of tILe gUll.
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FIGURE 2. Arrangement of equipment for photogrtlphing projectiles 100 fecL from the gun. At the
left is the gun, at the right the box through which the projectile passes 10 be photographed. 011
the post between the two is the pressure switch which opens the shutter when the projectile passes.

as part of the proof acceptance testing
of ammunition.

Two important factors affecting the
flight of a c...ertain type of projectile arc
the angle of yaw and the behavior of the
windshield. It: was known that some of
the windshields were falling off the pro­
jectiles just after they left the muzzle
of the gun, hut no data were available
on the beha viol' of those remaining on
the projectiles.

Preliminary experiments indicated
that photographs taken at night with
the :MicroAash showed distinctly the
condition of thc windshield as the pro­
jectile passed in front of the camera.
If ollowing thc advice of Dr. Harold E.
Edgerton oJ Nr. I. T., an experimental

pilot model,. and later a more finished
model, of a set-up for taking photo­
graphs iu daylight were built.

Figure 2 'shmvs the set-up used for
these tests, consisting of a box contain­
ing the M-icroAash, and camera, and
associated equipment: a diaphragm
pressure switch mounted on a post and
the gun. In Figure 3 is shown the in·
rerior of the box. Here the equipment
consists of the camera and i\1ieroAash
in permanent mountings, a m.ierophone,
and a card holder accessible through a
slidjng door in the side of the box.

Figure 2 ShOW8 the box set approxi­
mately 100 feet in front of the gun and
the (liaphragm pressure switch is about
15 feet from the box. The camera
shuLLer is set at 1/100 second and
eOl:kea. As the projectile passes by the
pressure switch, the pressure from tllc
souna wavc doses the switch, activating
the synchronizing device, which in turn
operates the magnetic tripper to open
the shuttcr. During the 1/100 second
interval whiJe the shuLLer is open, 1J1e
projectile passes through the box, the
micropiJolle picks up the SI,und wave
from the projectile and trips the M il:ro­
lIash.

FI(;IJH~~ 3. Inlerior o( the UOX, :-;llOwing Micm­
flash, IllicropllOllC, ~Yllebronizer, and other

etlulpmcnt.

Copyright, 1945, General Hadiu COlllpany

C"mhri,lge, i\1 "AB., U s. A.
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'''hi Ie the photograph shows a crystal
Itlicrophone~ this Iype~ was fOllnd leo
fragile to stand the terrific concussion
from the mU7.zlc blast of I he gun and
\\ as laler replaced. A receiver unit from
an onlinal-)' telephone bandset has
proved to be quite satisfactory.

rn order to decrease tbe amoun t of
light inside the box, a dark curtain is
hung in the back, and the inside sur~

faces of the sunshades on the sides arc
painlt~d flat black. 'Vilh snper ortho
press film. a diaphragm opening of f:6.3
is used.

H.esults obtained with this technique
arc shown in Figure 1 and in Figures 6
and 7. In Figure 1 is shown a 155 mm
projectile 400 feet from the muzzle of

FIGUltE 4. Photograph of a defective round
showing windshield in front.

tbc gun. Figure 4 shows a 3-inch pro­
jectile 50 feet from the muzzle of the
gun. Here the windshield with the nose
cap attached has broken away from the
projectile and is approximately 5 inches
in front of it.

In Figure 6, thrce views showing
erratic behavior or \\ indshields are
shown. Figure 7 is a group or pboto-

APRil. 1945

FIGUNE 5. View of the Microflash Unit, con­
sisting of light source, power supply, micro­

Ilhone. and connecting cables.

graphs of· 3·inch p"ojectiles showing
excessive yaw.

\Vork of similar nature has been
carried out by the Combined Inspection
Board or the United Kingdom and
Canada at Valcartier, P. Q. Of particular
interest is their use of the shadowgraph
technique for the photography of shock
waves in air. A diagram of tbe system
is given in Figure 8. The l\1icroflash
lamp is converted to a point source
(actually about Ys-inch diameter) and
placed some 6 feet from a ground glass
screen. The camera is focussed on the
side of the screen a way from the lam p.
The projectile is fired between tbe lamp
and the screen at about ]2 inches from

FIGUllE 6 (above). Photographs of three rounds in which thc wind8hiclds have become displaced
from thcir normal positions.

FIGUIll<: 7 (below). Thc8C thrce rounds show cxcc8sivc yaw. The line bclow t.hcm indicatcs thc
linc of flight.
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the lalter, and its shadow is recorded
on the film along with the marks made
by how wave and other pressure waves
in the air. Definition is limited to the
size of the grain of the ground glass sur~

face. Finer definition can be obtained
substituting a sheet of film for ground
glass, but this m.ethod must be used in
darkness. The ground glass technique
makes it possible to take shadowgraphs
of projectiles by firing through the box
in daylight.

FIr-UHF. 8. Diagram of the cqllipmcllt used to
take sbadowgraphs of bullets and projectiles.

I
6-lof't.
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MEASURING 0.003 HORSEPOWER WITH
THE STROBOTAC

• MEASUREMENT OF THE VERY
SMALL AMOUNT or power consumed
in the gears of a tachometer adaptor
unit recently presented a problem at the
Barbour-Stockwell Company, manufac-

turers of Reliance tachomctcrs. Their
engineering department solved this prob.
lern by means of an ingenious device used
in conjunction with the General Radio
Strobotac.

The measuring system consists basi·
cally of a torsion meter which indicates
the torque required to drive the part to
which it is coupled. This torsion meter

'must be capable of rotation at fairly
high speeds, and means for reading the
meter indications and fOi' meaSUriJlp; the
speed must he provided. The TYPE

631·B Strobotac performs these latter
functions.

The photograph shows a brass tube,
about 15 inches long, coupled to the
motor shaft at one end while the other
end runs in a bearing and carries a drum·
type dial. ·Within this tube is a straight

FIGURE 1. Mr. Frank Wilkins of the Barbour­
Stockwell Company reading the relative posi~

lions of the drum dials hy nJcarlf~ of lhe
Strobotae.
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length of O.037·inelJ steel piano wire,
rigidly attached at the motor end and
fixed at the other end to a small shaft
that turns freely in a bearing withill the
CI1I1 of the tube. This shaft carries a
small drum with an index mark on its
periphery which indicates the angular
displacement against the scale on the
adjacent dial aU3ched to the brass tube.
The short shaft then passes through the
ouLer bearing and a coupling to the
rotating member on which the power
loss is to be measured. Thus it is seen
that when the motor is stationary,
manual rotation of the output coupling
shaft results in rotation of the index dial
as the piano wire is twisted against its
restoring torque.

\Vhen the motor is started, the accel­
eration puts a high torque on the wire,
which migh t be broken except that the
index dial has its motion with respect to
the other dial limited to 1800 by means
of stop pins. The load is driven dircctly,
thercforc, when starting or stopping.
Under running conditions, however, the
Strobotac is adjusted to give a station­
ary jmage of the djals, and the position
of the index with respect to the dial
markcd jn degrces of arc is readily
observed. If the motor speed varies
enough to make it difficult to obtain a
steady image, the contactor socket of
the Strobotac may be connccted to a
cam arrangement on the motor shaft
which will insure a steady image of the
rotating dials. Since each flash oJ the
Strobotac occurs at the moment t1:at
the contactor lead s arc shorl-ci rcui ted,
it is best to arrange the contactor cam
so the cjrcuit can be shorted at any
chosen point in the rotation of \he cam.

The torsion meter is easily calibratcd
in a stationary condition by comparing

APRIL, 1945

FIGUHE 2. Close-up of the torque meter. 'fhe
lWO drum dials, one carrying an index, the
other a scale, arc shown hetwecn the lWo verli­
eal slIpporls.

applied torques on the output shaft to
resulting dial readings. The resulls
should give a linear curve. Power meas­
urements are then made by observing,
with the Strobotac, the reading of the
torsion dial and the speed of rotation.
Calculation of power from the product
of torque and spced is then a simple
matter.

The equipment illustratcrl bas been
used to measure power losses as small as
0.003 horsepower at speeds of 600 rpm
with an accuracy of ±5%. \Vith smaller
equipment using a fi.ner wire, there
seems to be no reason why tbis arrange­
ment cannot be used [or measuring vcry
much smaller amoun ts of power.

~ KIPLING An.A~lS
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PHOTO TUBE CAPACITANCE MEASUREMENT WITH
THE TYPE 650-A IMPEDANCE BRIDGE

b./{c=­
10

the connection between the arm of Ihe
CRL potentiometer and ground. This
can be done by removing the connecting
wire from the potentiometer tcrminal
and bringing out a new lead from the
terminal. An equally satisfactory and
more convenient method is to insert a
slip of paper between the potentiometer
arm and the winding. The decade hox
can then be connected between the J
terminal of the hridge and ground.

For measurements over a range of 0.6
to 3.0 ppf, halance to 0.1 ppf could he
obtained with a decade box providing
unit steps in rcsistance. A tenth-ohm
decade gives increments of O.OllJ.lJ.f, and
with an amplifier as indicated in Figure 2
the bridge is sufficiently sensitive so that
balance to 0.01 ohm or 0.001 ppf is easily
obtained. Since hundredth-ohm decades
are not generally available, it would be
necessary to use a slide wire to obtain
this degree of precision.

When a wire from the CHL poten­
tiometer is brought out to the decade,
the zero capacitance of the bridge,
which amounts to approximately 10 p.p.f,

can be balanced out hy means of an
initial Belling of the CRL dial. -I f the
eR L potentiometer is disconneded by
insulating the contact arm from lhe
winding, the decade box must be larf:c
enough to balance this :;r..cro capacitancc,
and a four-dial box consisting of hUI1­
dred-, ten-, one-, and tenth-ohm deeades
should be used.

1"11 order to keep the conductance
component small, the photo tube should
be shielded from Light during the meas-

F'IGUIU; -I. Panel 'riew of till' 'I'fpe 6S0-A
1mpf"dalH'f" Bridgf".

decade­
to break

the external
it is necessary

where t!.R is the change in setting of the
resistance box when the photoLubc is
connected.

To connect
resistance box,

.SINCE INTERELECTRODE
capacitance bas a marked effect upon
the frequency characteristics of a photo­
tube, it is important in many applica­
tions that the capacitance be accurately
known.

The TYPE 650-A Impedance Bridge
has been found quite satisfactory for
this measurement when an external
TYPE 602 Decade-Resistance Box is
lIsed to give the required precision of
balance.

The necessary connectiolls are shown
in Figure 2. The bridge controls are set
for capacitance measurement. Since for
this connection, 1 ohm is equivalent to
0.1 ppf,
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TYPE 602
DECADE RESISTANCE

80X

EXTERNAL
DETECTOR

L
c
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FIl.:ung 2 (left). Circuit diagram of tbe bridge, sbowill
E
" the decade cesi8tancc !.tox connected in

series with the en dial.

Figure 3 (ril!,ht). B)' tying tlte terminal cal)acilances CGl and CGz to grollnd. as sho..... n here. tbe
direct cal)ucitallce eJ: can be measured.

urement. If the tube is exposed to light,
an additional 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 measuremen t of
capacitance of this magnitude is limited
largely by the unavoidable connection
errors. Since connection errors of the
order of 0.1 ~~f are difficult to elimi­
natc,* these errors w-ill usually deter­
mine the absolute accuracy of the
measurement.

It should be noted that tms method
measures direct capacitance rather than
total capacitance and hence is applicable
to a number of other problems where
small values of capacitance must be
measured. It can be seen from Figure 3
that capacitance to ground from the
low unknown terminal is in parallel with
the detector, while that associated with

*11 ..... "';('1<1...CO....f:'cLion ":rron ill ClIpac;tallce Mf:'....­
"reme,'I," C.mer..1 R",lw [o;..-llcr;mf:'IIler.XII. 8 January 1936.

the high terminal is acl"OSS the standard
arm of the bridge and, "hen not small
enough to be considered negljgible, can
be corrected for. J;'or measuremcnts of
capacitance increments where connec­
tion errors do not exist, as, for instance,
with plug-in clements, highly accurate
measurements can be made.

One possible application is in the meas­
urement of the inlerelectrode capaci.
tauces of vacuum tubes, where the
socket is cOllnected to the bridge, and
the capacitance increment resulting
from plugging in the tube is measureo.
For these measurements, all lUllISCO

electrodes should be gl"Ounded, so that
only the direct capacitance between the
two significant clectrodes is measured.
For accurate IllcaSUrClncnts of the
smaller capacitances such as the griJ­
to-plate capacitances of screen grjJ
tubes, shielded sockets arc necessary 10

avoiJ conuection errors larger (han thc
capacitance bcing mcasured.

- L. E. l'.u':KAKD
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• DR. A. P. G. PET E RSON of
the General Uadio Engineering Stall
addressed a group from the New York
Section, Institute of Radio Engineers
at Red Bank, New Jersey, on March 16.
LLis subject was "Wide-Rauge Tuned
Circuits for High Frequencies."

A paper on ~tHigh·Frequellcy hieas­
urcmcnts" was delivered by Dr. Donald
B. Sinclair, Assistant Chief Engineer,
before a meeting of a group of Middle
\Vest radio engineers arranged by the
Chicago Office of the General Radio
Company on fv[arch 21. This paper was
also presented at the Radio Engineers'
Club in Chicago on March 22, at the
London, OnLario, Section of the IRE
on NJarch 23, and at the Toronto, Otla­
wa, and 1\10ntreal Sections on l\1arch
26, 27, and 28, respectively.

• QUA II T Y PAR T Ssometimes mean
the difference between a good job and
one that doesn't make the grade. A man­
ufacturer recently complctcd seve l'a l
hundred cquiprnents on a project that

was highly secret and very urgent. They
were OK, except for the rotary switches,
which failed in use. Several General
Radio switches of the type used in our
decade resistors were available and
these were dismantled and reassembled
in a 3-gang combination. These worked
satisfactorily and were rugged and re­
liable. Result - 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.

• I N WAR TIM E expense is often no
object if the need is urgent. A secret
development project recently needed
ten General nadio Precision Forks, and
only eight were available. To wait [or a
delivery of the next produclion lot was
out of the queslion; the project was 100

urgent. The last previous delivery, it
turned out, was to a foreign ally, and
believe it or not, onc of Uncle Sam's
planes went right over there and brought
back two of the units.

T1JE General Radio EXI'EUIMENl'ER is ntailed wi,thou,t charge each 1nonth
to en.gineers, scientists, techni.cians, and others interested in conunLUli­

cation-frequency m,easurel1tent and control problents. If/hen sending
requests for subscriptions and address-change notices, please supply the
following ;nfornwtion: nante, C01npany address, type of business company
;~ engaged ;./t, tlnd title or JJosition of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING

~
NEW TORK G. NEW YORK

9D WEST STREET
TH.-CORTlANOT 7·0150

OFFICES

CHICAGO 5, ILLINOIS
'20 SOUTH MiCHIGAN AVENUE

TH.~WABASH H20

LOS ANGELES 31, CALIFORNIA
1000 NORTH SEWARD STREET

TEL.-HOLLYWOOD G321
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VACUUM-TUBE AND CRYSTAL RECTIFIERS
AS GALVANOMETERS AND VOLTMETERS

AT ULTRA-HIGH FREQUENCIES

FIGUHE 1.. Cry",tal detector", of 30 years ago and (in circle) a present-day unit. Older
typcs wcre cumbersome and mljustahle. Modern units arc small, and the adjustment

is scalcd.

• UN TIL RECENT LY. the crystal de­
tector of radio's early days has had little,
if any, commercial use since the introduc­
tLon of mass-produced vacuum tubes. It
has, however, always found considerable
application in ultra-high frequency re­
search! and lately has again become com·
merciallyavailable.

Today's crystal units are more stable and more uniform than those
of 30 years ago, although in neither respect are they as yet comparable
'G. C. Southworth, "Beyoud the Ultra_Short Waves," Proc. I.R.e., Vol. 31, No.7, July, 1943, Pl'. 319­
:.\:10. G. C. Soulhworth, "Hyper-.Fre'l""IlCY Wa~'e Guidea - General COIl~ideratiolU~and Experimeliial
Hesults," /Jell System Tee/mical JOllrnal, Vol. IS, No.2, April, 1936, Pl'. 284-309. W. L. Darrow, "Trans­
mission of Electromagnetie Wa\'C~ in Ilollow Tuhes of ~:lelal," P,.oc. I.R.E., Vol. 24, No. 10, October,
1936,1)1"" 1298-1328.
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I CRYSTAL I
FUSIBLE METAL

FICUHE 2. Simplified diagram of the construc­
tion of a crystal rectifier.

to vacuum tubcs. They pedorm well as
detectors and mixers in u-h-f circuits
and offer considerable promise as rectify­
ing elements for high~frequency voh­
meters. The capabilities and limitations
of the crystal as a voltage measuring de­
vice can best be shown by a considera~

tion of its characteristics and a com­
parison with those of the vacuum~tube

rectifier.

Nature of the Crystal Rectifier
The crystal ree tifier depends for its

non-linear behavior on the very interest­
ing properties of the class of materials
known as semi-conductors. 2 Th.is class
includes silicon, iron pyr.ites, galena, and
many other crystals, which have the
characteristic luster of metals but are
not quite metals. 'Vhen contact is made
to one of these crystals by a metal, elec­
trons can flow across the boundary, often
referred to as the barrier layer, more

readily in one direction than in the other,
and this behavior is used for rectifica­
tion. As rectifier elements, the units are
usually constructed with the crystal
held in a fusible metal alloy, which
serves as one terminal of the rectifier.
The other tenninal is a ~~cat whisker,"
such as a fine tungsten wire, which
touches the crystal as shown in Figure 2.

Owing to its inherent simplicity, the
crystal rectifier can be made in a unit
of extremely small physical size. Very
small vacuum tubes also have been con­
structed for use at high frequencies,3
but the need for an evacuated space sur­
rounding the diode clements makes its
manufacture extremely difficult in any
size smaller than the familiar acorn tube.

Resonance Effects
The main reason for reducing the

physical size of a rectifier is to increase
the lowest resonant frequency of the
circuit formed by its elements. Below
this resonant frequency the voltage that
appears at the rectifying clement, which
is the plate-to-cathode space in the
diode and the barrier between whisker
and crystal in the crystal rectifier, is
greater than the terminal voltage be­
cause of series resonance between the
lead ind uctance and the capacitance
across the rectifying element.

When the rectifier is used for measur­
ing the voltage at its terminals, a cor~

~n. J. Thompaoll and G. 1\1. no~e. Jr., "Vacuum T"beM of
Small Dimeuaions for Use at Extremely nigh Frequencies,"
Proc. T.R.E., Vol. 21, No. 12, Dccemher. 1933, I'p. 1707­
1721. Leon S. Nergaard, "Electrical Meaaurementa at Wave
Lengths usa Than Two Meters," Proc. J.R.E., Vol. 24,
No.9, September, 1936, pp. 1207·1229.

2K. F. Herzfeld, "The Present Theory of Electric Con­
duction," Electrical EIIgi'«!eriflg, Vol. 53, No.4, April,
1934, pp. 523-528.

FfCURE 3. Diagram showing thc rcsonant cir­
cnit formed by lead inductance and shunt

capacitance of a crystal rectifier.

Copyright, 1945, General Radio Company,
Cambridge, M aaa., U. S. A.
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rection must therefore be made for res­
onance. As the frequency of the applied
volLage approaches resonance the re­
quired correction becomes greater, and
near resonance the accuracy of measure­
ment becomes very poor because the
large correction cannot he accurately
determined.

A more serious effect of resonance, for
which no numerical correction can be
made, is the emphasis of harmonics as
compared to the fundamental. 'Vhen the
applied voltage conta.ins harmonic com­
ponents that arc in the vicinity of the
series.re80nant frequency, the indicated
voltage may be almost completely de­
termined by those components even
thongh the fundamental component is
appreciably lower in frequency than that
of resonance and is many times as large
in magnitude at the voltmeter terminals
as the sum of all other components.

The resonant frequency can, there­
fore, be considered as a first upper limit
to the frequency at which a given recti­
fier can be used as a voltmeter. Com.
mercial diodes are available with res­
onant frequencies in the vicinity of
1500 :Mc, and the resonant frequencies
of commercially available cartridge crys­
tals are considerably higher. Crystal
rectifiers can readily be built with res­
onant frequencies still higber than those
of the commercially available crystals.
Thus, in this respect, the crystal recti­
fier has a marked advantage over the
diode.

\Vhen a rectifier is used as an indicator
of relative voltage level, that is, as an
r-f galvanometer rather than as an ab~­

lute. voltmeter, the resonant frequency IS

not so important a limitation, for res­
onance does not produce by itself any
effect on voltage ratios. However, har­
monic components in the vicinity of res­
onance may cause considerable error,
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and the reduction of stray pickup be­
comes more difficult at frequencies ncar
and beyond the first resonance.

Transit-Time Effects in Diodes

Another reason for reducing the size
of a diode rectifier is to reduce the effects
of the finite time of transit of the elec­
trons from cathode to plate. When the
period of the applied voltage becomes
comparable to this transit time, the
vacuum tube characteristics are modi­
fied from the low-frequency ones. While
for some specialized measurements tubes
with adjustable transit time are used,
the resultant systems arc inherently fre­
quency dependent. In the very useful
diode peak-type voltmeter, such as the
General Radio TYPE 726-A Vacnum­
Tube Voltmeter, the effect of transit
time is to reduce the indicated voltage
for a given applied voltage as the Ire­
quency of that applied voltage is raised..{
This behavior might be characterized as
a reduction in rectification efficiency.
}"urthermore, since transit time depends
on the applied voltage, this reduction is
dependent on voltage level, with the re­
sult that voltage ratios arc not preserved
independent of frequency. This behavior
is a serious limitation for the diode rec­
tifier, not only for its use as a voltmeter
but also as a galvanometer where ac­
curate measurement of ratios Illay be
important even lhough the ahsolute
level is not. For acorn-type diodes, the
reduction in reclification efficiency is
noticeable at 30 Mc for voltages of the
order of one-half volt or Jess, and at 500
l\1c at the same voltage level the reduc­
tion is of the order of 30%.

The effect of transit time in a crystal
rectifier is negligible fot' its present appli-

~L. s. Nergaard, lac. eit. han G. Ea@wr1; "Radi~Fre\IUeIlCY
Characteri@tic@ of the Type 726-1\ \ acuum-rube Volt­
.ueter," General Radio ExpcrimCfIler, Vol. 15, No. 11.
May, 19·U, pp. 1-5.
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R-C Effect in Crystals

on an iron-pyrites crystal rectifier. The
crystal in its holder had its lowest res­
onant frequency at about 3500 Me. The
input voltage to the crystal rectifier was
standardized by means of a bolometer,
and the effective voltage indicated by
the crystal as a function of frequency
was noted. The result shows a marked
drop in the indication of the crystal as
the frequency is raised.

The equivalent circuit shown in Fig­
ure 5, developed by Schottky and
Deutschmann,6 can be used for inter­
preting this decrease in rectification
efficiency. In this circuit R. represents
the non-linear rcsistance of the barrier
layer of the whisker·crystal junction, R g

represents the resistance of the semi­
conductor between the barrier layer and
the fusible metal alloy that holds the
crystal, and Cb is the capacitance that
exists directly across the barrier layer.
At high frequencies this capacitance
tends to shunt out the non-linear ele­
ment so that only a fraction of the

FIGURE 5. Equivalent circuit for interpreting
the It.C effect of the ery8tal rectifier. The re­
sistance R. of the barrier layer is non·linear.

FiGURE 4. Plot showing decrease in rectifica­
tion cfficiency of an iron-pyrites rectifier as a

function of frequency.

6W. Schottky and W. Dcutllchmann. "Zllm McchaniBJI1us
der Riclnwirlmng in Kupferoxydulgleichrichtcrn," Phy~­

ikulische Zeitst;hrift, Vol. 30, No. 22, Novelllbe~ 15, ~9~9.
pp. 839---l:146. O. Zinke, H"c"frequeflZ Mes~tech"ik. Lelp~ag:

S. Hirzel 1938 pp. 100 ff. W. Meyer and A. SChlllldt,
"MeflBlIngen an'Sperrscbichtgleichrichtcrn," Zcitschrift fur
roclmische Physik, Vol. 14, No. I, 1933, PI'. 11-18 .
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The crystal rectifier with its semi­
conductor crystal and metallic whisker
is a barrier-layer rectifier like the copper­
oxide rectifier and has in common with
that rectifier a decrease in rectification
efficiency with increasing frequency. f>

However, owing to the whisker-type of
contact and the nature of the material,
the frequency limitations of the crystal
are not nearly 80 serious as those of con­
ventional copper-oxide rectifiers. In fact,
the frequencies at which there is an
appreciable drop in rectification effi­
ciency for a suitably constructed crystal
unit can be thousands of times the cor­
responding frequencies for copper-oxide
instrument rectifiers.

As an illustration of the decrease in
rectification efficiency, Figure 4 shows
the results of some measurements made

cations, but another limitation appears
whose effect is similar to that of transit
time.

~]oseph Sahagen. "The Use of the Copper-Oxide Uecti6er
for Instrument Purposes," Proc. I.R.E., Vol. 19, No.2,
February. 1931, pp. 233-246. Karl Maier. Trockellp,leich­
richler, Munchell, R. Oldenhourg, 1938, pp. 52£. 198£,261,
and 2!13ff,



energy going into the crystal unit ap­
pears in the non-linear element wbere
the rectification occurs. The result is a
reduction in rectified output at high fre­
quencies compared to that at low fre­
quencies for the same energy input.

It is important to note that the above
reduction results from the increased cur­
rent flow in the resistive element R6 with
a resulting increase in dissipation of
energy where it is of no val~e. A capaci­
tance across the complete unit and an
inductance in series do not upset the
energy relationships, because of their
non-dissipative nature. Thus they do
Dot inherently affect the rectification
efficiency, even though they do modify
the impedance rela tiouships and the
relative voltage appearing at the barrier
layer compared to that at the input
terminals.

A rough measure of the relative energy
contributing to the rectification as a
function of frequency is given by

1

1 + (wC,)'R,R,
Since R e is nonlinear, the expression in­
dicates only the order of magnitude and
the general nature of the variation of
rectification efficiency with frequency.
The relative rectified voltage varies with
frequency approximately as the square
root of the above expression.

Consequently, for small departures
from uniformity the reduction in output
varies as the square of the frequency.
The departure is in a direction opposite
to that for resonance, and the two effects
tend to cancel at low frequencies, so
that the apparent resonant frequency is
raised. However, since the barrier-layer
resistance depends on the voltage level,

FIGURE 6. Simplified skctch of the whisker­
crystal contact greatly enlarged to show the

location of the elements of Figure 5.
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tbe amount of the reduction in re(·tifica­
tion efficiency is a function of the volL­
age, and hence, even in the crystal, the
measurement of voltage ratios is not
completely independent of frequency.

Fortunately the magnitude of thin rc·
duction in rectification efficiency can be
kept small by proper design of the
crystal unit and by the choice of the
rectifying material. The commercial
IN21B-type crystals are much better in
this respect than is the crystal whose
characteristic is shown in Figure 4.
Actually this crystal was one of the
poorest of a large group measured, and
the 1N21B-type crystal exhibits no
appreciable reduction in rectification
efficiency up to 1000 Mc and in many
cases even higher frequencies. This fre­
quency is far higher than tha t at which
transit-time effects begin to appear in
diodes.

Reverse Rectification in Crystals

Although the rectifier action in crys­
tals is normally expected to be confined
to the whisker-crystal junction. recti.
fication also can occur in the junction
between the crystal and the other con­
tact. 7 This rectification is in the opposite
sense to the desired one, and might be
called a reverse rectification. Normally
the resistance of this second contact is
very small compared to that of the
whisker conlact so that the desired rec­
tification dominates. But when the

1J. T. Kendall. "The Rectil}'inl "rol)Crty olCarbonmdum."
Prot:. Ph~_ Soc., Vol. 56, PI. 2, No. 3L'~. Man.:h I. 19H,
pp. 123-129.

WHISKER
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crystal is merely embedded or soldered
in its retaining cup, tbe reverse rectifi­
cation may he very important.

The effect of this rectification at the
second contact is highly dependent on
frequency. The capacitance across the
contact is so large that its reactance rap­
idly becomes very low compared to the
impedance of the main rectifying con­
tact as the frequency is raised. This
causes the voltage across the second cou­
tact to decrease and the contribution
from its rectification to disappear as the
frequency is raised. Thus one would ex­
pect to observe an increase in rectified
output for increasing frequency for a
crystal with a noticeable reverse recti­
fication. This behavior is exhibited in
Figure 7, which shows the results of
some measurements on an iron-pyrites
crystal used as a voltmeter.

Even more marked effects of reverse
rectification have been observed. One
crystal had an output which was re~

versed from the normal at low fre~

quencies (the reverse rectification dom­
inating), but Donnal rectification at high
frequencies. Another showed no appre~

eiable rectified output at low fre~

6

queneies but had fairly good output at
high frequencies. Most crystals show
only a moderate effect from reverse rec­
tification, and the reverse rectification
can usualJy be made negligible by plating
the crystal before moun ling or by fusing
lhe crystal in place. The lN21B-lype
crystal seems to exhibit no appreciable
effects of reverse rectification.

Other Limitations

In addition to the frequency charac­
teristic, other factors must be consid­
ered in determining whether or not the
crystal is satisfactory for use in a given
application. One of the most important
of these is input impedance. At high fre­
quencies the crystal and the diode have
comparable impedances. The input ca­
pacitance of a probe containing a crystal
unit is usually comparable to that of
one using a diode. While the input con­
ductance of a diode voltmeter can be
made very low at low frequencies, the
conductance increases with increasing
frequency, and at ultra.high frequencies
the conductance becomes neady as great
as that of a very good crystal unit used
as a peak voltmeter.

FIGURE 7. Frequency cbaracteristic of an iron-(}yrites rectifier showing the increase in output tlHtt
occurs as a result of the large capacitance across the second cont.act.
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FIGURE 8. Plot showing the average character­
istics of 20 crystals and the maximum departure
from average. The output is taken as unity for

0.7 volts, rOmAS, input.

The crystal un.it.is seriously limited in
voltage range, with a l~volt r-m-s limit
for a IN2l.type unit as a peak rectifier.
When the crystal is overloaded its char­
acteristics are changed, so that great
care must be exercised in many systems
to avoid pennanently damaging the
crystal contact. Higher voltage can be
measured, however, by using capaci­
tance multipliers.

The characteristics of crystal recti.
fiers are somewhat dependent on the op­
erating temperature, so that they should
be calibrated at approximately the am­
bient temperature at which they will
be used.

One important disadvantage of the
diode compared to the crystal is the need
of maintaining a constant cathode tem­
perature to assure constant thermionic
emission. Consequently, the crystal, be­
cause it requires no heated cathode, has

MAY, 1945

a considerable advantage in simplicity,
and can be used at lower voltage levels.

In any measurement system which
uses vacuum-tube or crystal rectifiers the
uniformity of characteristics of different
units of the same type is an important
consideration. If replacement of a unit
neccssitates recalibration of the meas­
uring device, the general uscfuJness of
the device is impaired. Vacuum-tube
diodes, particularly the bigh-frequeney
types, are not so uniform as is often de­
sired, but evcn so they are appreciably
better in that respect than are the com­
mercial crystal units. For instance, the
replacement of the acorn diode in the
TyPE 726-A Vacuum-Tube Voltmeter
docs not appreciably affect the calibra­
tion of the voltmeter with its 2% ac­
curacy rating. If a crystal rectifier is used
in a similar circuit, however, the indica­
tion of the meter is appreciably de­
pendent on the particular crystal used.
Figure 8 shows the average character­
istics and maximum departure from av­
erage of a group of 20 crystals of the
same type used in a peak-reading volt­
meter. The extent of the variation in rec­
tified output is appreciable. Further­
more, since the shapes of the curves are
different, a single calibration-check point
will correct only approximately for the
variations among the crystals. Thus for
accuracy of the order obtained with the
diode voltmeter a complete calibration
must be made for each crystal.

The overall stability of modern crystal
units is remarkably better than the ar­
rangements used in the early days of
radio communication and further im­
provement can be expected. While lack
of uniformity between crystals is at
present an important limitation as com­
pared to diodes, this disadvantage is out­
weighed by their better high-frequency
characteristics. - ARNOLD PETERSON
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SPARK TIMING WITH THE STROBOLUX
• AT THE AERONAUTICAl RE·
SEA RCH LAB 0 RAT 0 RY of tbe Uni.
versity of Kenlucky~ research on air­
craft engine fuels is carried on under the
sponsorsbip of Pratt and Whitney Air·
craft. During a long series of tests on an
engine to evaluate its performance with a
given type fuel, it is necessary to have an
exact knowledge of the degree of spark
advance with which the engine is oper­
ating.

Using tbe General Radio Strobotac
and Strobolux, Professor A. J. Meyer,
director of the laboratory, and his asso­
ciates have developed a spark~indicating

system that gives accurate and depend­
able resuILs. Figure 1 is a stroboscopic
photograph showing the indicator dial,

FIGURE 2. Diagram showing connections for
the spark indicator.

FIGURE 1. Photograph of the drum and scale
taken with stroboscopic light. This is a multiple­

flash exposure.

while the wiring diagram of Figure 2
shows the principle of operation. The
high-tension magneto current passes
through the secondary winding of a
standard automotive spark coil, while
the primary winding is connected to the
contactor terminals of the Strobotac.
The Strobolnx is flashed from tbe
Strobotac circuit in the normal manner.
Its lamp illuminates the fly-wbeel,
which carries a scale. Wben tbe light
flash initiated by the ignition spark oc­
curs, the angular position of the fly.
wheel at that instant can be accurately
read from the scale.

In Figure 2, connections to both front
and rear plugs are shown, with a s",'itch
in the low4ension circuit to select either
pIng.
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En:KY fifth )'car. on the
anlllvcrsary of the fOllnd­
ing of tbe General Itadio
COmpany, we devote the
June issue of the E~-peri­

mctller to a description of
somc of our company
operations and personnel.
The subjcct chosen for
this month is the ~ngi­

neering Dellartmcnt - its
organization and person­
nel. its activities during
thc war, and the post-war
(lroducts tll:lt may result
from war-tlllle develop­
ments.
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DEVElOPMENT ENGINEERING AT THE
GENERAL RADIO COMPANY

• THE BUS I NESS of the General Radio
Company is producing and selling packaged
engineering to solve industrY~8 measure­
ment problems. Primarily responsible for
the degree of excellence with which a Gen­
eral Uadio instrument does its job is the
development engineer. Given a measure­
ment problem, the engineer devises a solu­
tion in the form of electrical circuits, and
wilh the cool>cration of the mechanical
design engineer, puts it in a package that
can be manufactured and that can be con-
veniently used.

At the General Radio Company, twenty-seven engineers arc exclu­
sively engaged in the development and design of electronic instruments.
Drafting, model shop and secreLarial emplo)'ces boost thc toLal of de-

FICUI{E 1. View of thc technical library.
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FIGURE 2. Functional diagram of engineering dCI)artment organization.

PERSONNEL
EXECUTIVE DEVELOPMENT

DESIGN

Chie] Engineer -11elville Eastham
Assistant Chief Engineer - D. E.

Sinclair
Engineer in Charge of Drafting - L. :\f.

Burgess
Engineer in Charge oj Frequcncy ilI'eas­

llring Equipment Devclopment-J. K.
Clapp

Engineer in Charge oj ParIs Design ­
Melville Eastham

Engineer ill Charge of l-ligh.Frcqucncy
DCl:c/opmcnt - -Eduard Karplus

Engineer;n Charge oj Stom!ardi::alion ­
P. K. ~VreElroy

Engineer in Charge of JTeasurin{!, Equip·
ment DCl'c/opmem. - D. B. Sinclair

Engineer in Charge of Audio-Frequency
De<c/opl1lcnt - H. ll. SCOll

Engh,eer in Charge oj Experimental
Sltop - H. W. Wilkins

Paul IJanson
II. C. Lilllejohn

Gilbert Smiley
F. '~T. \Villiams

A. G. Bousquet H. W. Lamsou
W. F. Byers S. R. Larson
C. A. Cady A. P. G. Peterson
D. Jr. Chute D. A. Powers
R. F. Field R. .T. Ruplenas
E. E. Gross W. R. Saylor
H. H. Hollis W. R. Thurslon

C. A. Woodward

DEVELOPMENT COMMITTEE
Chairman~ Melville Eastham
Vice-Chairman - D. B. Sinclair
Secrelary - Eduard Karplus
P. K. )1cElroy H. H. Scott

C. T. Burke'

DESIGN STANDARDS
COMMITTEE

Chairman - P. K. :McElroy
SecrctOly- L. M. Burgess
H. C. Lilllejohn F. W. Williams
Gilherl Smiley H. S. Wilkins

D. B. Sinelairt
tr)e~j""ale {rom Dc,"e1opmCIl( Committee

CoPyrilht. 1945, General Radio Co"'llany. Cambridge. ~la8ll.• U. S. A.
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velopment engineering personnel to ap­
proximately fifty, or one ill every eight
General Radio employees. These are the
people who arc responsible for designing
the new instruments that will be avail­
able Lo you after war work is com­
pleted.

General Radio engineers arc special­
iS1S in the application of electronic
principles to industrial and scientific
measurements. Within the general field
of electronics, many of the staff special­
ize in certain types 01' circuits and
measurements, but all have a broad
backgrowld of general engineering and
scientific training.

The organization of the department
is outlined in Figure 2. For purposes of
administration the engineering depart.
ment is divided into groups, classified
by the major aetivity of the group
personnel. Lines of classification, how­
ever, are not rigidly drawn, and it is
not unusual to find engineers in the
audio-frequency group, for instance,
designing u·h-f equipment or the u·h-f
group working on power-frequency ap­
paratus.

Group leaders are responsible to the
Chief Engineer aud Assistaut Chief
Engineer. Overall administration of the

JUNE, 1945

department is the responsibifity of the
Chief Engi.neer, who is guided, insofar
as decisions on matters of development
and design are concerned, by the Devel­
opment COITIlnitt.ee and the Design
Standards CO.llIni tLee. It is the f unc­
tion of the Development Commiuee 'to
set general speciflcations for a new
development and to pass on completed
developments before manufacture is
started. The Design Standards Com­
mittee concerns itself with standard
practice in mechanical design: parts,
finishes, structural details, etc. It is
a sub-commiuee of the Development
Committee.

'Vhen new developments are sched­
uled, the leader in whose group the work
is to be done is responsible for the gen­
eral guidance of the project within the
original specifications laid down by the
Development Committee. The com­
mittee reviews aU current projects at
frequcnt intervals, making such changes
and improvements in thc general speci­
fications as the progress of thc develop.
mentwarrants.

The instrument takes form first as a
breadboard assembly and next as a
working model built in the experimental
shop from the design engineer's sketchcs.

FICURE 3. The De·
velopment Com­
mittee in session.
Left, to rigbt around
the circle: C. T.
Bu['ke, H. H. Scott,
P. K. McElroy,
Edua['d Karplus,
Melville Eastbam,

D. B. Sinclair
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FIGURE 4. A meet·
ing of tbe Design
Standards Com­
mittee. Left to
right: P. K. Mc­
Elroy, L. M. Bur­
gess, H. S. Wilkins,
F. W. Williams,
Gilbert Smiley, H.
C. Littlejohn, D.

B. Sinclair.

This model is submitted to the Develop­
ment Committee, who suggest what­
ever changes seem advisable to improve
its general acceptability and its adapt­
ability to established manufacturing
methods. Upon approval by the De­
velopment Committee, detailed manu­
facturing drawings are made in the
drafting group, and the instrument is
ready for manufacture. Before quantity
production is started, however, a single
unit is built to check the drawings, and
a test run of (usually) ten units is made
to prove tools and to iron out any pro­
duction difficulties. Upon successful com­
pletion of the trial produclion lot, the
instrument is ready for quantity pro­
duction.

In addition to tbe development of
instruments, the engineering depart­
ment is responsible for the preparation
of purchase specifications for parts and
materials purchased from other manu­
facturers and for acceptance specifica­
tions on new material received.

Facilities
Working facilities in the Engineering

Department have been arranged to
afford a maximum of adaptability to
the work of the department. The work­
ing space is a combined office and
laboratory, with desk, telephone, and
filing facilities, as wen as the required
laboratory bench space. Senior engi­
neers have, as a rule, individual offices;
for junior engineers and assistants one
office is shared by two people. There are
in all nineteen such offices, all on the
same floor, in addition to the depart­
mental facilities, which include the
library, secretaries' ofIice, conference
room, measurements room, instrument
room, frequency standard, and experi­
mental shop.

The library, which is in charge of a
full-time librarian, contains over 1000
volumes on general and specialized
technical subjects and subscribes regu­
larly to some sixty journals and periodi­
cals.



In the measurements room, standards
of resistance, inductance, capacitance
and voltage are maintained, and stand­
ard equipment is provided for the
measurement of impedance over a fre­
quency range of 0 to 100 i\1c. This equip­
ment is available for use by engineers at
all times. One important function of this
laboratory is the determ.ination of the
electrical characteristics of new insu·
lating materials and new circuit com­
ponents. As new types of capacitors,
resistors, inductors and dielectrics be­
come available, their properties are
measured, and the results are made
available to the developmcnt engineers
for use in instrument design.

Thc Engineering Departmcnt is well
equipped with General Radio instru­
ments. These, when not in use, are kept
in an instnunent room and arc available
to any engineer needing them. Individual
laboratories are canvassed about once
a week to pick up unused items for
return, so that maximum usefulness can
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be obtained from the stock available.
The instrument room is under the
supervision of a technician, and aU
instruments are kept in repair and arc
periodically sent to the standardizing
laboratory for recalibration and test.

The primary standard of frequency
for tbe whole plant is located in the
Engineering Department. It consists of
four independent standard-frequency
crystal oscillators, with means for inter·
comparing and recording their frequen­
cies. The output frequency is known at
all times Lo better than one part in ten
million. Frequency multiplying and
dividing circuits provide hundreds of
standard frequencies for use in measure­
ment and calibration work. These are
distrihuted through shielded lines to
the engineering laboratories and to
various production departments, where
they are needed for calihration and test
operations.

The experimental shop produces the
wide variety of special parts and assem~

FIGUHI': 5. A view of tbe Experimental Shop. Tbe total shop pcrsOIlllcl is twelve. In the center
foreground is K. A. Johnson, Foreman, who is also General Hadio's scnior employee.H. S. Wilkins,

Engineer.in-Charge. is shown in the right foreground.
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FIGURE 6. A. G. Bousquet of the High­
Frequency Group. who hus designed a number
of General Radio's signal generators, vacuum­
tube voltmeters and power supplics, is shown
here testing a preliminary model of a standard·

signal generator.

blies needed in engineering development
work and constructs the working models
of new instruments after development
is completed. The shop is equipped with
a variely of machines, capable of pre­
cision considerably greater than that
required in a production shop. Personnel
arc selected for specia.l skilJs and include
machinists, assembly men, and electrical
technicians.

Wartime Development
Engineering

During the war, General Radio engi­
neers have been engaged in a variety of
waf projects. Many new Lnstruments
have been developed, among them a
number of specialized types of signal
generators, test oscillators, high-fre­
quency receivers, and frequency meters.
No production by General Radio beyond
a few modcls of these items was possible,
because our manufacturing facilities
were completely engaged in the produc-
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tion of urgently needed standard items,
for most of which deliveries were sched­
uled by the War Production Board.
Millions of dollars worth of equipment,
based on these designs was, however,
built by other manufacturers. The de­
sign of much of this equipment stemmed
from the butterfly circuit,* developed
by General Radio, which made possible
compact tuning assemblies and single­
dial control in u-h-[ circuits. Developed
under the direction of D. B. Sinclair,
E. Karplus, and A. P. G. Peterson, all
these items except the butterfly itself
was classified for security reasons, and
descriptions cannot yet be published.

Other one-of-a-kind items have been
developed for use in conjunction with
development programs carried on by
otber organizations. In this group di.
rected by H. H. Scott, a total of eight.
een separate instruments, many of
them for use in f-m systems, have been
designed, constructed, and delivered for
a single project, which is still secret.

Considerable work has also been done,
under the direction of J. K. Clapp, on
the design and production of low·
frequency quartz bars to meet extreme

*E. Karp!u". "The Butterfly Circuit," General Radio Ex­
lJer;mcnler. Vol. XIX, No. S. Octoher, 1944.

FIGURE 7. W. F. Byers (left) and S. R. Larson
(right) of the Audio-Frequency Group conduct

a test run on a finished model.



stability specifications in equipment of
considerable urgency. Mter the engi­
neering work was completed, and a small
quantity of bars produced to get the
program started, production was turned
over to other companies.

In the field of frequency measurement,
General Radio has for many years sup­
plied equipment for the ships of the
U. S. Navy. Shortly before tbe war, new
designs were completed, and the result~

ing equipment has been in continuous
production since the start of the war.
Through close engineering contact with
the production process, uniform quality
has been maintained and service diffi­
culties have been kept at a minimum.

War research and production in the
aircraft, automotive, and ordnance
fields have required large numbers of
stroboscopes. In addition to our stand·
ard types, many of specialized design
have been needed. Altbough the de­
mand for these was limited, the need
was urgent, and several small quantity
lots have been made under the super­
vision of H. S. Wilkins. Two items of
particular interest are the Microflash,
for high-speed, single-exposure photo­
graphs, and the Power Stroboscope and

FIGURE 9. W. R. Saylor, wbo specializes in
sound and vibration measurement, testing an

experimental vibration pickup.
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FIGURE 8. J. K. Clapp (right), in charge of the
devel0f,ment of frequency-measuring equip­
ment, ooks over a newly developed quartz bar

with H. H. Hollis (left).

eontinuous·fihn camera for ultra.speed
motion pictures. An interesting example
of the use of the Mieroflash was de.
scribed in a recent Experimenter.* The
high-speed movie equipment has been
used for aircraft engine research, cavila·
tion studies, and a number of other
research programs in mechanics that
had immediate application in the design
of military equipment.

Owing to our location, in proximily
to the Radiation Laboratory of Massa·
chusetts Institule of Technology, the
Radio Research Laboratory of Harvard
University, and other NDRC organi­
zations, cooperation with these labora­
tories bas been close. In a consulLing
capacity, the skill and experience of
our engineers have been available to
them constantly, in most cases with~

out charge. Special parts have been
designed for them under the direction
of II. S. Wilkins, and standard instm-

*"Microfla~h ShOW8 Flight Defecu in Projectilc~," Ccn-­
eral Radio Experimenter, April, 1945.
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FIGURE 10. C. A. Woodward, of the Measure­
ment Group. with the preliminary model of a

high.frequency voltmeter.

ments have been modified to meet
specialized requirements.

Our chief engineer, Melville Eastham,
was on leavc of absence for some
months, devoting all his time to the
administration of a division of the
Radiation Laboratory. Dr. D. B. Sin­
clair, Assistant Chief Engineer, served
part time as research associate and
consultant at thc Radio Research Labo­
ratory and ·was a technical observer for
the AAF in the North Mrican tbeater
at AFHQ for a considerable period.
Several other members of the staff are
members of the NDRC or have served
on NDRC sub-committees.

Post-War Development

The accelerated research of wartime
compresses into a short period advances
that normally would require several

times as long to achieve. The experience
gained by General Radio engineers
through war work will be reflected in
new and better instruments in the post­
war period. New developments in cir­
cuits, new and be tter ci rcui t elements,
new techniques of measurement, and
new methods of construction are avajl­
able and can be applied to the design of
instruments to achieve levels of per­
formance, stability, and accuracy con·
sidcrably belter than were possible
before the war.

While war projects leave little time
for thinking about post-war products,
thc trend of wartime development has
made it possible to predict with con­
siderable accuracy what advances in
the art wilJ mean in terms of new peace­
time instruments. Circuits developed
for. military equipment have obvious
applications in industrial instruments.
New parts and materials have shown
the engineer how to get better overall
performance from a given circuit, or to
extend the ranges over which acceptable
perfonnance can be maintained. New
techniques of measurement lead to
entirely new instruments, and improved

FIGURE 11. C. A. Cady, of the Alidio-Frcqucncy
Group, checks the distortion in a newl}·.

developed oscillator.
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methods of construction can mean more
economical designs, greater convenience
of operation, easier maintenance, or
longer life.

In the field of broadcast monitoring
equipment, for instance, new models
will be smaller, will require less r-f
power, and will be easier to install and
operate. Frequency moni Lors will oper­
ate directly from an amplitude-modu­
lated signal. The frequency range and
sensitivity of distortion meters ,,,,,ill be
increased.

Improved tuned circuits, output sys­
tems, and dial drives will make possible
a considerable improvement in the
accuracy and reliability of standard·
signal generators. Both a·m and f-m
models are now planned and will collec­
tively cover frequencies from the low­
radio range to the u·f·h bands, a total
frequency span of about 100,OOO:l.
U·h·f models will use the new butterfly

/ and. cylinder-type tuning units.
In instruments for voltage measure­

ment, the upper frequency limit will be
extended for vacuum-tube types and a
d-c voltage measuring feature included.
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FIeURE 12. R. F. Field (rigbt) and D. A.
Powers. witb a macbine for winding polystyrene
capacitors, a new type developed under :Mr.

Field's supervision.

FIGURE 13. View of the Drafting Department.
The total personnel of tbis department is
eleven, in addition to L. M. Burgess,
Engineer-in-Cbarge and A. C. Rohmann,

Supervisor



GENERAl RADIO EXPERIMENTER

FIGURE 14. E. E. Gross (left) and W. R.
Thurston. of the lIigb.FrC<luency Group,
working on a u-h·C oscillator of the coaxial

butterOy type.

Smaller circuit elements, particularly
vacuum tubcs, and refinement of me­
chanical design, direct outgrowths of war
developments, make it possible to pro­
duce a probe of higher resonant fre~

quency than heretofore. Where high­
frequency performance is not important,
sensitivity can be considerably in­
creased. Beyond the useful upper Ire-

FIGUHJo: 15. A. P. G. Peterson (riy"ht) and R. J.
Ruplenas with an cxpcrimcnla n-h-f signal

generator.
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quency of vacuum-tube types, crystal
rectifiers will be used.

Both better constructional methods
and circllit design are factors which will
simplify some of the more complex
instruments. Frequency standards, in
particular, will be smaller and more
compact, while auxiliary frequency
measuring equipment will be more flexi­
ble in application and more convenient
to operate.

Ranges of frequency measurement
have of necessity been extended to
higber frequencies during the war, and
both wavemeterS and heterodJ'ne fre­
quency meters in compact, portable
models for the u·h·f and v-h-f ranges
will be available for post-war use.

Improvements in oscillators will in.
elude lower distortion, wider ranges,
and higher power output. A double­
beat-type of instrument is also planned
for usc in the measurement of distor­
tion resulting from cross-modulation.

Unit construction offers possibilities
for inexpensive and flexible laboratory
equipment. Simple oscillators and am­
plifiers made to plug into a power supply
unit will avoid unnecessary duplication
of equipment and will be priced at a
level within the reach of the smaller
laboratories.

The advances made over the past
several years in our understanding of
the nature of dielectrics have indicated
that measurements should be made over
,\-·jde ranges of frequency in order to
predict accurately the electrical prop­
erties of insulating materials. Conse­
quently, wide-range bridges will be
available for the measurement of dielec­
tric constant and dissipation factor.
Another llew instrument Ior insulation
testing is a high-voltage, direct-reading
megohm-meter for taking current-time
curves.
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FIGURE 16. lI. \V. Lamson mak("S a few check
measurements 011 his newly-developed magnetic

tcst set.

In tbe v-h-! and u-b-f bands, trans­
mission lines arc now widely used for
impedance, vohage. power, and attcnu­
alion measurements. One drawback to
their use has been that a given lengtb of
line is usable over only a narrow range of
frequency. A sel of coaxial connectors is
under development, which will permit
the necessary line elements for any given
frequency to be assembled quickly and
convcnienLly.

FIGUHE )7. D. H. Cbute, in ChaTI-\"C of the
measurements room, balances a precision capac­

itance bridge.

JUNE, 1945

Other new standard parts will include
variable air condensers, rheostat­
potentiometers of improved linearity
and accuracy, and a completely new line
of Variacs. ew core materials and im­
proved mechanical and electrical design
have produced a Variac that is smaller.
more efficient, more rugged, and easier
to service.

The increasing use of radio-adive
tracer isotopes, produced in the c~-clo­

tron, for analyzing chemical, physio­
logical and metallurgical processes has
produced a need for various types of
counters. One projected new instrument
is a cOllnting~rate meter for use "jtb a
Geiger-Muller counter tube.

New and improved stroboscopes will
result from war designs, for both visual
and photographic use. Among the possi­
ble new features are higher-intensity
lamps, shorter flash duration, and
higher repetition ratcs.

In broad outline, these arc some of the
general improvements that can .be ex­
pected in post-war instruments. Designs
must await the completion of ,,"ae en­
gineering work, and production, the
release of materials.

FIGUItE 18. P<:Illl I-fanson or the J)esi~n Group
cxamincs a model or a new wire wonnd variable

resistor.
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• T HIS ISS U E of the Experimenter
is Volume XX, Number 1, and marks
the start of the twentietb ycar of contin~
lI0US publication. Volume I, Number 1
was a four-page 9- x 12-inch paper and
was dated June 1926. At that time, an
important parl of the General Radio
Company's business was the manufac­
ture of parts for home-built radio re­
ceivers, although a considerable line of
laboratory measuring instruments was
also produced. Articles of interest to the
amateur and home experimenter were

published. therefore, as well as a con­
siderable amowll of more t.echnical
material.

As measuring equipment became the
predominant parl of our business, nearly
all of the articles in the Experimenter
were directed to technical men. In 1929~

beginning with Volume IV, Number 1,
the present 6- x 9-inch, 8-page format
was adopted.

The present circulation is approxi­
mately 24,000 copies, of which 20,000
go to the United States and Canada.

TilE Ceneral Radio EXPERIMEN1'ER is ,nailed without charge each ntonth

to engineers, scientists, technicians, (u"d others interested in cornmuni­

cation..frequency measurenlent and control problelns. When sending

requests for subscriptions and address-change notices, please supply the

following information: name, company address, type oj bu,siness cornpany

is engaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES

NEW YORK &, NEW YORK
9a WEST STREET

TEl.-WORTH 2·5137

LOS ANGElES 31, CALIFORNIA
laaa HORTH SEWARO STREET

TEL -HOllYWOOD &321

CHICAGO 5, IlliNOIS
921 SOUTH MICHIGAN AVENUE

TEl -WABASH 3120
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A HETERODYNE FREQUENCY METER FOR
10 TO 3,000 MEGACYCLES

FREQUENCIES,MEASURE• TO

IN THIS ISSUE

I'nyc I
How III \lmIT..- AF-

FE(~I'S 1"~(ll.\TIO"'i 6
\11!'iCEI.L\i\'Y 12

FIGUUE ]. View or the Type
720-A JJclcrod~'f1e FrcqlH'rlcy
Meier with coyt'r removed.

po\\cr frolll <.Ill Hllkno\\ II 1'iOUrt~t' ('all lw
ali::.orbc(J in a calilJraLed reSOIl<\llt {'in"lIit

aIII I made Lo oper-uk all indicator. The
jndi('alor ('an be an int'HndeSt:ent lamp. a

::.,d<H\ tube or a ga" anOlllcler prt>t·(·detl b~- a
t!t'h.'clor. This sillll'l,· and straightforward
Illethod requires appn·(·j,ablc PO\\Cf alld is

limitetl Lo frequencies for \,hi.·}} resonant cirellils arc a\ailablc.
In a hClerod)llC fn.-quelle) ml'lcl". the po\H'r n'((llircd from the

unknO\\ tl source 10 prtHluce beal notes with a ('alibratcd o:"wil1alor is
slllaller hy st"veral OI-ders of magniLrl(le, an.1 the frequl'llcy ralL~c that
('an be ('OVI'n,J \\ ilb a single oscillator. spanning a t\\O to one range,
cXLf"nds continuously ov('r sevcl'al deearles,

If the unknown frequt'llt'y is JOWl'r than the 10\\('51 fn'.l'h'lH'y of til('

hete,"o(lync oscillator, harmollies of the IIl1kno\\ nan: lIscd 10 produce

bealS with the oSI'illalor fmlllamellla!. If the llnkllO\\n is higher Ihan
the highest frequency of tlw helcro(l~ 11(' oseillator. hannonit·s of tilt'
oscillator arc lIi.;ed, In
either case the harmonics
are prodlll"t.'d in a non­
linear c1elllent of rhe het­
crod) ne frcquclw)" IlIel.'r,

Experience has slH)\\n
that harmonil:s up to the
twenlieth order l'an be
used ill an illstrument of
this type \\ ith a corre­
sponding spacing of S(%
bel\\een fn'quent"ics \\ hit'll
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produce adjacent beats. It follows that
the calibrated oscillator should have a
cange o[ approximately 100 to 200
megacycles if unknown frequencies up
to 3,000 megacycles are to be measured.

The chief obstacle Lo producing a hel·
erodyne frequency meter for tbis range
has been the erratic performance of
oscillators using conventional tuned cir­
cuits. Sliding contacts produce erratic
variations in frequenc), and amplitude,
,dlile changes in tubes and supply yoh­
ages hayc much greater effects than at
lower frequencies. The nc\\ I)' developed
Butterfly Cin:uit,* however, has made it
possible 10 avoid most of these diffi­
culties. Wilh the new TYPE 720·A lIet­
erodyne Frequency l\1etcr, which uses
the Butterfly Circuit, a frequency of
3000 1'oIc can be measured as conven­
iently and as accurately as those in the
broadcast range. The 10" -frequenc)
limit for normalu5e is about 10 ~Ic, but
lower frequencies can be measurcd if
more 111an J volt at the unknown fre­
qucncyis available at the detector
in I'"u l.

The TYI'E 720-A lIeterodyne Ii're­
queue) )lcter is a portable battery­
operatcd instrument of small size and
light \\eight, "ith unusually high sensi­
tivity. Thc panel \-jew of the new instru­
ment is shO\\J1 in Figure 1. \ complete
set of operating instructions is mounted

*1::. Karplu~, "The BOIuerny Cirelli!:· General HaJ;1)
Experimenter, 'Qlume XIX, No. J, O<·lOlJer, 1911.

in the removable cover. The functional
clements of the instrument arc a cali­
brated oscillator, a detector, and an
audio amplifier as shown in the sche­
matic diagram of Figure 2. An inter·nal
view of the instrument is shown in
Figure 3.
Oscillator

The fn~quencyof the hetcl'Odyne oscil­
lator is continuously variable between
100 and 200 megacycles. The frequcncy­
determining clement is a tuned circuit of
the bUllcrfl) type, \\ ith rotor plates
shaped to give an approximatcly loga­
rithmic frequency (ustribution, The
rotor is mounted in ball bearings. No
sliding contacts are used, and. no current
flows through thc bearings. Smooth ad­
justment of frequency and stability of
calibration arc therefore assUl·cd.

The main dial of thc frequency metcr
is calibrated directly in me~ac)c1es. The
scale is 15" long and approximately loga­
ritl..llni('. Thc gear ratio between the
tuned. circuit and the vernier dial is over
200: 1. Ovcr most of Ihe frequency
range one-half turn of the vernier dial
corrcsponus to 1% variation in fre­
quency, and one division of the vemier
dial to a frcquency change of 100 parts
pcr ntillion. L nkno\\-n frequencies are
measured hy producing beats with the
calibrated hctcrodyne oscillator. Beats
may be produced between tLe funda­
mentals of the unknown sourcc and thc

PHONES

Ifl]
SPEAI(ER

,
PANEL

METeR

,
VaLl/ME

CONTROL

r----AUOIO AMPLIFlER -,

V-2

/
CRYSTAL

OETECTOR

FICUI\E 2, Schematic circuit diagram of the heterodyne frequency meter.

Copyright. 1945. General Radio Coml)any, Cambridge. l\lau., U.S.A.
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heterodyne oscillator. between harmon­
ics of the unknown frequency and the
heterodyne fundamental, between the
unknown fundamental and harmonics of
the heterodyne osclllator. or between
harmonics of both the unknown source
and the heterodyne oscillator.
Detector

The detector, in which the harmonics
of the known and unknown frequencies
and their beals or difference frequencies
are produced, is a staudard IN21B-type
crystal detector, consisting of a silicon
crystal and a tungsten wire, mounted in
a small ceramic cartridge. The detector
cartridge is located near the antenna jn~

put terminal and is held in place by a
ring-shaped spring. A spare detector is
furnished with the instrument, but, since
the cartridge used has standard dimen­
sions, di fferellt makes and types of
detectors can be substituted.

Adequate input to the detector JS

usually obtained if the instrument is
placed in the vicinity of the oscillator
whose frequency is to be measured. An
input antenna of adjustable length is
permanently mounted on the front
panel. This adjustment is used to im­
prove signal strength when working
with frequencies above 1000 Me. For
frequencies below 100 Mc, it may be
necessary to connect an additional wire
to the Hinput" terminal.
Amplifier

The three -stage audio amplifier has an
effective band width of 50 kc and is con­
necLed to produce a deflection of the
panel meter when a strong signal is im­
pressed on the detector. This feature is
particularly useful when the frequency
under measurement is not sufficiently
stable to produce a steady audible beat.
Audible beats are simultaneously heard
in the small dynamic speaker mounted
on the front panel. '\Vf'ak beat notes are

JULY and AUGUST, 1945

"CRYSTAL
O£HtTQa

FIGUIlE 3. Interior view showing the butterOy­
type tuned circuit and the location of the work­

ing and spare crystals.

best observed with a pair of headphones
plugged into the PHONES jack.

Power Supply
Oue Burgess TYPE 6TA60 Battery is

used to supply 90 volts to the plates aud
1.5 volts to the filaments of the three
vacuum tubes used. All necessary con­
nections are made by a battery plug at­
tached to a short cable. The filament
and plate loads are weB balanced, and
the ballery will give long service in
intermittent use. Since the heating up
time of the tubes is very short, the in­
strument can be turned off if appreciable
time elapses beh\Teen measurements.
The instrument can also be operated
from a rectifier power supply, and a com.
pact a-c power unit to fit the battery
compartment will be available later.

Making Frequency Measurements
The process of making frequency

measurements by the heterodyne
method con~ists fundamentally of three
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steps. The first is Lo establish a beat note
between the unknown source and the
heterodyne oscillator. The second step
is to determine the order of the beaL

observed, and the third step is Lo de­
termine the frequency of the heterodyne
osciUator.

WiLh the TYPE 720-A Heterodyne
Frequency Mcter the last step consists
merely in rcailing the (ljrect.Jy.calibrated
main dial of the instrumCll1. The accu­
racy thus obtained is 0.1%. H higher
accuracies arc desired, the true fre­
qucncy of the heterodyne oscillator can
be measured in terms of a more accurate
low-frequency standard. The TYPE

720-A then is merely a con venien t

stepping stone between the high Ull­

known frequency and the low standard
frequency, which arc lOO far apart to
produce beat notes by themselves. The
best procedure to establish beat notes
and to detennine their order depends 00

whether the unknown frequency is in the
rangc of the fundamental oscillator
frequency or above or below. In general,
if thc Hunknown" frequency is known
approximately, a single beat is sufficient
to determine the frequency accurately.
On the other hand, if the approximate
value is not known, it will be necessary
to note successive beats lmtil their
putLcrn can .be determined.

Frequencies between 100 and
2 0 0 M c. When the frequene)' to he
measured lies within the fundamental

4

range of the TY1~E 720-A Heterodyne
frequency l\Jeter, thc unknown fre­
qucncy is read directly from the main
(ual when a strong heat is obtained. 1n
addition to this beat note, other weaker
beat notcsmay he heard. For example,
if a fundamental frequency of 150 Me is
measured, a strong beat "ill be obtained
at a dial setting of 150.0 1\1e, and weaker
beats may be heard at dial settings of
100 aud 112.5 Me. These weaker heats
are produced between the 2d and 3d
harmonics of the unknown frequency
and the 3d and 4th harmonics of the
TYPE 720-A Oscillator, respectively;
2 X 150 Me = 3 X 100 \Vle and 3 X 150
Me = 4 X 112.5 :\le.

Frequencies over 200 MC.Forfre­
quencies which lie above 200 ~Ic thc
procedure is to start at the high end of
the frcqucncy range and to notc the suc­
cessive settings of strong harmonic
beat.s as the frequency of thc heterodyne
oscillator is progrcssively rc(luccd. If
the frequency at which onc beat occurs
is divided by the frequency difference
between it and a successive beat, the
result must be an inleger and is the
harmonic number of the successive beal.
E:wmple: A high frequency is measured
and strong beats are obtained at 200.0
and 160.0 ~Ic. Subtracting the second
heaL from the first gives 200.0 - 160.0
= 40.0. Dividing Lhe firsL heaL hy Lhis
difference gives 200.0 -10.0 = 5. which
is the harmonic number of the second

UNt(tlJOWN FREQUENCY

FUNOOM(NTfll =- ~oo Me

LNO, HARMONIC 4 1600 Me

3R'O, HARMONIC· 2400 Me

I ,
6

" N " ,z " \0 9 ~

I -

23 2J? 2/ \0 ,. " "
k M '3 I

'1 I
100 120 140 160 180

DIAL SETTING IN MEGACYCLES
200

FIGUIU·; 4. Chart showing pattern or harmonic heal.. for an unknown frequency or 800 megacycles.
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Deal. Ilelwe, (he LUlknO\\1I frequelle)' is
5 X J60.0 = 800.0 1\le.

In man) cases jt will be possible Lo

pl'oduce beals between harmonics of the
unknown frequency and harmonics of
the heterodyne oscillator. These beals
will usually be much weaker than the
beats produced between the unknown
fundamental and the heterodyne har­
monics. The chart of Figure 4 gives the
possible beats up to the 3d harmonic of
Lbe WlI..JlO\\ n uEed in the example above.

Frequencies under 100 Mc. For
frequencies which lie belo\\ 100 ~[c, the
procedure is to start at the low end of
the frequency range and to note the
fucccssive sCLLings of heals as the fre­
({ueney of the heterodyne oscillator is
progressively increased. The frequency
difference bel\\CCn Iwo successive beat
~eLlings is equal to the unknown fre­
quency. £"wmple: A 10\\ frequency is
measured and beats are observed at
105.0, 120.0 and 135.0 1\Ie. The fre­
quency difference between succeSSIve

JULY and AUGUST, 1945

beats is 15.0 1vlc, which is lhe freqnency
being measured.

Wa vel eng t h. The wavelength in
('cntimeters is obtained \\ ith sufficient
accuracy by dividing 3 X 1010 by Ire·
quency. In most applications electro·
magnetic waves arc characterized by
their frequency, but in some problems
the use of wavelength may be more con·
venient. It has been shown in the para·
graph entitled HFrequencies over 200
Mc" above, for instance, bow an un·
known frcqucncy over 200 :Mc call be
detcrmined from the two frequencies of
the heterodyne oseilJa tor which produce
successive beat notes. II all frequencies
are converted into wavelength, the
wavelength of the llilknown is simply
the difference between the two wave·
lengths which produced the successive
heat noles. Example: 160 and 200 Me in
the example above correspond to 187.5
and 150 em. The difference of 37.5 cm
corresponds to 800 ~{c.

- EDUARD KARPLUS

SPECIFICATIONS

Frequency Range: The fllndumcnLul fre·
qucncy range is from 100 to 200 1\'1e. This range
is covered in a single band wiLh upprO'o:iOlaLely
logarithmic frequency diSLribution. By har·
monic methods. frequencies betwccn 10 Me and
3000 Me can be measured.
Calibration: The main dial is calibrated in
frequency. each (./jvision corrcslKmding to 1
.:'ole. The vernicr dial is geared to the tuning
I,InjL to make ollc-half turn of the dial corre­
sl)01l(1 to 1% change in frequency over Lhe
major purt of thc tuning range. The vernier dial
carries 200 uniform divisions.
Accur acy: The overall aeeunlCy of meaSllloe­
ment ii; 0.1 %. Changes in Lubes oro oaLLery volL­
ages and va.oiations of temperature and hu­
midiLy over the range of laboratory condiLions
normally encounLered do nOL alTt.-ct the ae·
curacy of the insLrument.
De t ec tor: One cartridge.Lype crystal detecLor
(1N"21-B) is used and is supplied wiLh the in­
strument.

Vacuum Tubes: The following tubes are
used and are supplied wiLh the instrumenL:

1 - TYI'j,; INSGT
1-TyPE lD8GT
I-TYPE 958

Bat t e r y : A single-block Burgess TYPE 6TA60
BaLtery is used and is supplied witb Lbe instru­
ment. The l)Ower required is apprOXimately 80
volt5, 6 ma and ].4 volts. 250 mao
Cas e: The TYI>E 720-A IfeLcrodyne Frequency
.Meter is mounLed in a shielded carrying ease of
durable airplane luggage conSLruction.
Spare Parts: One IN21-B-LYI)e deteetor is
supplied as a spare in add iLion to the one in the
insLrumenL.
Accessories: Headphones which can be
plugged in on the fronL punel and SLorcdin the
cover of the insLrumcuL are recommended.
Dimensions: Overall, (widLh) 12.J.4" X
(heighL) 13.!4" X (de£Lh) IO.!4". Panel, (width)
JO;t;t.. X (height) 117.(".
Net Weight: lncluding baLLery, 27%;pounds.

Type CQ<[e Word Price

720-A HeLerodyne Frequency i\lelcr FANCY 8250.00

Thi8 in~lr"'''':''t is lIIanuractur,ou and 8,,1,1 n"ut'r (I) IJ:Ht'1l18 or tl", American Telephone and Tdclrul'h ComlJany, an.1 (2)
U. S. Patt'1l1 Noo 2,.167,681.
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HOW HUMIDITY AFFECTS INSULATION
PART I-D. C. PHENOMENA

6

The present increasing use of elec­
trical equipment in tropical climates has
made necessary a better understanding
of the behavior of insulation under ex­
treme conditions of humidity. General
statements such as ~fAt 100% relative
humidity and a frequency of 60 cycles,
increases as llluch as 50% in capaci­
tance, of a miUionfold in conductivity,
and up to a dissipation factor of 1.0, arc
quite possible for such porous materials
as filled and laminated thermo-setting
plastics, many thermoplastics and nat­
ural fibers like cotton, wool, and silk" I

arc quite inadequate. How long does it
take to prod uee these changes; how
much less is the effect at lower humid­
ities; what happens at other frequencies;
are there any really good insulators that
are unaffected? It is the object of this
article to give some sort of answer to
each of these ques tions and to make a
beginning at sorting out present com­
mercial insulating materials according
to their resistance to moisture.

Electrical Properties
The electrical property most affected

by moisture is insulation resistance.
This is made up of two parts, surface
resistance and volume resistance, which
exhihit vastly different behavior, espe­
cially with respect to time. Volume re­
sistivity is an inherent property of a
material, which is at a maximum under
dry conditions, and decreases rapidly as
water is absorbed. Surface resistivity is
infinite for a clean dry surface, but de­
creases very rapidly as any foreign con­
ducting material adheres to t~ surface.
'Vater adhcres to the sudace of most in­
sulators and is absorbed by them under

JR. F..Field. '·The EITecl of I]umitlity on Eleetri<:al Mea..
UremelllA," Getterui Radio &Pf!Timenle,.. Vol. XVILl, No. II,
Apr:!. 1944, p. 5.

conditions of immersion or high relative
humidity. This water film, even though
pure initially, becomes ionized from car­
bon dioxide in the atmosphere, from
solutLon of salts on the surface or in the
water on immersLon, and from slight so­
lution of the insulating material itself.

The relative importance of these two
modes of conduction, surface and vol­
ume, depends greatly on the shape of the
sample under test. For the slab of insula­
tion shown in Figure 1 the surface and
volume resistan~s are, respectively,

I I
S = q and R = p-

2(w + t) wt

where u = surface resistivity (independ­
ent of units)

p = volume resistivity

Sinoo the ratio of surface to volume re­
siSLance

S q wl
~= -
R p 2(w + t)

is independent of path length" it can be
minimized by making the slab as thin
as possihle. The samples used for study­
ing insulation resistance arc between
KG and 7ll inch thick and have har elec­
trodes so placed tbat the surface area is
usually a square, so that surface resistiv­
ity is approximately twice the insulation
resistance (volume resistance being as­
sllJl1ed negligihle). The electrodes arc
attached by a center bolt through a hole
in the specimen or by two end bolts. 2

Resistance is measured on a TYPE

544-BS8 ~1egohm Bridge,' on "hich, at
500 volts, a resistance of 10 MM Q can
be distinguished from infinite resistance.
The sample is mounted on the metal top
of a glass desic~~alor jar. Tbc terminals

ZASTM D257-38, Inllulation Her.iolance or EIt'<.'lri<:al 1"..,,­
latinl MateriaIll. Filturell 1 anti 2.

l'J'hi.e modd ha. a rCllilllauce ralile 10 timCll ,rcalcr ,10:011
that of tbe lItantlartl br-itla;e.



1 JUlV and AUGUST, 1945

\~-
,

n -' -,,,
" -II- 1\ l'OI.yt.TTMOlE

~ POI..'l'f;TYl'lDt( r---- (./
n

DE'C~,,!-T_

\\ ~ l-/
_.

n

~ ""~ ~n
\ " , ,

n ""'"' '
n I

tained. Thompson and Mathes' have re­
ported a similar effect. This behavior is
shown by polyethylene for which the
voltage was removed for 16 hours with a
tenfold decrease in resistance when the
voltage was reapplied. But within 15
minutes its resistance was up to the
earlier value, showing that the water
film did not change with time. If, how­
ever, dew point condensation is pro­
duced by initial cooling of the sample,
the water film is both more conducting
and thicker, as shown by the two curves
for polyst)'fene. Proof that the film is
thicker will appear in the next para­
graph.
Recovery at 0% Relative Humidity

The degree of permanence of the water
film is demonstrated by transferring the
sample to au atmosphere of 0% RH.'
For the materials of Figure 4 the inltlal
resistance is recovered within 10
seconds.7 Even thls short recovery time

101(1.1

1001(1.1

'""

10t.'M

".

F1GUilE 2. Plot of surface resistivity vs. tim~ for
four materials having ne~ligiblc volume absorp­
tion witbin'"the time iUdicuted. The left-hand
portion of tbe plot shows the surface resistivity
under the condition of 100% relative humidity
for time up to J000 minutes, where the time
scale rep('uts for the right-hant!. portlion. which
show8 tbe recovery time at 0% relative

humjdit),.

m. II. Thollll)SOlI, 1<' N. Mathes, ';Eleclrolylic Corro­
sion _ i\'1ethods of Evuluutillj.( lusulating Materials used
ill TrOI)icnl Servioo", AIEI~ Transactions, Vol. 61, June
19·'15, p. 297.
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I"IGUHE 1. Dimension sketch of lest slab of
insulation.

w
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are mounted on TYPE 138-UL Binding
Post Assemblies with the metal top COIl­

nected to the guard terminal of the
bridge. Except for a few of the poorest
materials, the insulation resistance of the
sample when dry is greater than
10MMQ.

Effect of 100% Relative Humidity
\Vhen any sample is placed in an at­

mosphere of 100% relative humidity,4
an ionized conducting film of waler
forms within a few seconds. Within one
minute its resistance drops to a value
about a decade above its final equiLib­
rium value in the manner shown in
Figure 2 for four materials which either
have no volume absorption or a neg­
ligible amount within the lime indi­
cated. The quantity ploned is surface
resistivity. For some materials the
equilibpium value is steadily approached,
while for others there is a minimum
value and a slow rise. These different
forms result from the divergent effects
produced by the applied voltage in
sweeping ions to the electrodes and in
forming new ions by collision, a process
which results in a voltage coefficient of
resistance.\Vhen the bridge voltage is
not applied continuously but only mo­
mentarily for a reading, the measured
resistanCe is decreased, but returns to its
larJ:!;cr value when the voltage is main-

4QLtai"ed by lillinlthe b.~ of the tlelliceator jar ..-ith water
and ha~-i"g a CO~'er 011 for ft>ur Lou... pnlvioush·.

t 10 IOOMlN_ I 10I0Il,...

100 '\ RH -----I--o't AH --1
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FIGURE 3. Exposure and recovery cur;es for 2
gradcs of mica-filled phenolic. Apparently,
small differences in surface finish result in largf'

differences in surface rcsistivity.

Effect of Other Relative Humidities
\Vhen materials are placed in humid­

i,ies less ,han 100% RIT, ,heir equilib­
rium resistances are higher and the
water films presumably thinner. Curves
obtained for polyethylene are shown in
'Figure 4.8 The relation betwcen the
equilibrium surface resistivity and rcla­
tive humidity is exponential, as ShOWll
in Figure 5, where the plot of the loga-

, I()~ I
O"RH~-

100""" ,I
101ol!l1-..- •, ~

; __IOO~RH_~_~

IKMQ

IOIoOMQ

10'KMn

minutes after a 16·hour exposure. Sam­
ple B shows a much lower surface resis·
tivity and the typical recovery curve
after only 20 minutes exposure to 100%
RH. Forced ventilation removes the
films [Tom both materials in 10 seconds.
Several other materials show this effect,
as shown in Table I, which wilJ be dis­
cussed Jater. The exact shape of the re­
covery Curve can extend from that of
vinyl chloride acctatc, which rises above
10 MMP. before ,be drop, '0 ,ha' of
quartz after dew point condensation,
which remains at its 100% RH value for
2 minutes before the final rise to initial
value_

4 5

<
~r "'OJ

,
~

'\=1O .... il I(),"~il

"() '~'rUJ<l

""'il ,...."
PQtVl.1'fn£"li:

~~. ...
OO~":l .... ' .. n

\
~

, 1'lO~.-. <." -'

~Ohtained hy filling lhe hall6 of the dC>llIielllor jllr with'silica
lIel ;,,,d h"~·illg,, eo~er 0" for (our hO"r8I're"io"~I,,.

7'1'he bridge is pre""t al inli"ile rCf.iijlanCe "nd the lime to .
return to bal"nL'i: i8 me_ured b" " l!t0l' walch.

FIGURE 4. (left) Plot showing how relative
humidity affectti the exposure CUf\'e for poly.

ethylene.

FIGURE 5_ (right) E(IUilihrium surface rcsistivit y
for pol)'cthylcnc as a function of relative humi.
dity. The exr~ncntial relationshill is character.

istic of all insulating materials.

is probably set more by the natural dif­
fusion rale of water vapor outward to Ihe
silica gel Ulan by any specific property
of tuese materials. For the thick film
produced on polystyrene by dew point
condensation, the rapid rise in resistance
is halted after a few seconds because the
relative humidity immediately surrowHI­
ing the specimen is no longer 0%. The
film is redistributed, and only after one
minute does resistance start to rise again
to regain its initial resistance after 4
minutes. The use of forced ventilation,
even at a room humidity of 30% RlI,
removes the film in 10 seconds.

This shape of the recovery curve, in
which there is a rapid risc, a slow drop
during rcdistriLHIlion and a final rise Lo

initial value, seems to be characteristic
of those materials having no volume ab·
sorption within the time of the measure­
ments, when by varions means the film
is made sufficiently thick. Curves for
two grades of mica-filled phenolic are
given in Figure 3. Sample A recovers
within 10 seconds after an exposure of 90
minutes to 100% RH but requires 14

8)kG"ite I"..niditil:ll are ohtained by 11lttcinl !a1l1rated 801,,­
tion" or '-ariou" @ah" ill the dezii~alor jar. Tile sallll 1I$Ct1 an,
;Iij folio...,,:

%RII 32 43 52 66 8L 93
Sail CaCb KtCOl Na£r2Ol NaN01 (NII,hSO, 'N"SO,
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tHo L. Curlis, "Jnllullilinl! PrOIJerliell of Solid DideclricA",
1J"lIeli,. of Hureau of Slandards, Vol. II, No.3, May 1915,
1'1'. 359-420.

FIGUUE 6. Exposure and recovery curves for
four materials having appreciable volume abo
sorption. Such materials show, in gencral, a
smoother recovcry curve, extending ovcr a

time comparable to the exposure time.
6

Effect of Volume Absorption
Volume absorption of water into the

body of an insulator provides both a
volume conductance and a storage of
water, which on drying out must pass
Oul through the surface. Long before
cnough water has been absorbed to re-

rithms of resisti vity against percent rela­
ti ve hUlnidity is a straight line. This
agrees quite well with the work done by
Curtis in 19159 on the available insula­
tion of that day. His plots were nearly
linear from 100% RH down to about
50% RTI and tben flattened to a con­
stant value of resistance defmed by the
volume resistivity of the sample. The
gTe.alec sensitivity of his apparatus al­
lowed bim to measure 100 kMMll and
to carry the observations down to 0%
RH. Surface resistivity at any relative
humidity, H%, is best defined by stating
the surface resistivity, q 100 at 100% RH
and the change in relative humidity h
which changes the resistivity by one
decade. Then

log 0"
100

"
H

- Jog 0"100 (3)

cluce volume resistallce to a value at all
comparable to surface resistance t the
shape of the recovery curve ii changed,
because the absorbed water tends to
maintain the surface film. Surface re­
sistivilies for four materials having ap­
preciable volume absorption are shown
in Figure 6. Their recovery curves rise
slowly and require more than 10 minutes
to attain initial values. Something more
than amount of water absorbed deLer­
mines the ra le of recovery, since the
laminated paper and asbestos-fiUed pbe­
nolics absorb much mOre water tban
glass-bonded mica or sheet mica. This
may be the molecular force whicb holds
the water fiJm to the surface.

For high rates of volume absorption of
water volume resistance at 100% RH
becomes comparable with surface resist·
ance before the equilibrium value of
surface resistance is attained. The
resistance·time curve then continues
downward at a rate dependenl upon the
rale of water absorption. This effect will
first appear in the curves for the lower
humidi lies, because the rate of water ab­
sorption is probably independent of rela­
live humjdity so long as a surface film
exists, while the surface resistance in-

[i'IGUHE 7. Ex/>osure and recovery curves for
two materials laving so large a volume absorp'
tion that an equilibrium value of surface rCSlS­

tivity cannot be observed.
7

10M~n

IOKMfi

10~Mn

""'·4--+\c-f
10 M n , , ~

r----IOO~ RH---ii---

'''·"C ~ -1 - -
"M" -L _. 1

.1 I 10 1OOM'fl I I 10 00""'1
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creases with lowered humidity. These
distinctions are shown in Figure 7. The
surface resistivity of vulcanized fibre at
100% RH is so low that equilibrium is
attained at 90 minutes before volume
resistance can have an effect, while at
81% RH volume resistance becomes
comparable to surface resistance within
10 minutes. prevents equilibrium, and
causes insulation resistance to decrease
directly with time. Polyamide has a rela­
tively high surface resistivily, so that
even at 100% RH its volume resistance
becomes comparable to surface resist~

ance within 10 minutes and prevents
any equilibrium value being aLtained.

On continued exposure to high humid­
ity extending over days and weeks
rather than hours, volume conductivity
steadily increases in proportion to the
water absorbed and in most materials
dominates over surface conductivity
even at 100% RH. Kline" has given a
list of the times necessary to reach satu­
ration for 22 materials. The values ex­
tend from 2 days to 2 years. They de­
pend both on the structure of the mate.
rial and the shape of the sample, particu­
larly the ratio of surface to volume.
Scheerll has measured the insulation re­
sistance of several insulators over a
period of 30 days and finds that resist­
ance equilibrium is usually attained
within that time. It is important to note
that of the total decrease (6 to 7 de­
cades) in insulation resistance from the
initial dry value surface resistance ac­
Counts for the major part, which is
usually sufficient to render useless any
instrument in which the material is
used. Volume resistance only accounts
for the last one or two decades, but

IOC. M. Klive, A. R. Martin. W. A. CrouSO':. '"Sorption or
Water by PJa,.tics". Pl"OCefllin~! of American Society for
Tuting Mllteria!,., ]9-10, pp. 1273-]282.

IIF. H. Scheer. "Study or Moisture Proofing Treatmcnt for
Phenolic nn~rds," u>rnpany llerlOrl 1913-4. ('..olo"iol Hadin
Co<p.

makes the reduction permanent to the
extent that the recovery time wlll be at
least as long as the exposure time.

Collected Data
Some 40 materials are arranged in

Table I in the order of decreasing sur­
face resistivity after exposure to 100%
RH, ranging {rom greater than 20 ~1M:n

to 30 MQ. The position of certain mate­
rials is most surprising and may not be
typical. All samples ''''ere washed in
grain alcohol to remove dirt, but some
grease and other substances may remain.
At least they were as clean as they
would be in actual usc. Only ODe sample
of a kind was tested so that there is no
measure of the magnitude of norma I
variations. However, the results are re­
peatable on the same specimen within
50%. Where mOTe tban one sample of a
kind is given, they are known to difTer
or are made by different manufacturers.
It is known that very small amounts of
pJastici:l..er can greatly change the sur­
face behavior and none of the samples
was furnished for this particular test.

The slope of the straight line plot of
surface resistivity against relative
humidity is given in the second column,
and in the third column the relative
humidity at which the surface resistiv­
ity is 20 MM!l. Siuce for most of the
materials this value of relative humidity
is greater than 50% RH, it is easy to see
why relative humidities Jess than 50%
RIl are considered to have little effect
on insulation and also why that value is
a good standard room humidity. )1ate­
rials wlth volume absorption may be
conditioned at that humidity without
having any appreciable surface resist­
ance.

The last three columns give the re­
covery times in minutes after 1 hour and
] 6 hours exposure to ] 00% RIT an,1
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Recovery time in minutes after
100% UN for Dew point

" per decade %RJI for CQlldeu8a-
'Material change of (f 20 MMf! 1 he 16 hrs lion

M.Mn
lIydrocarbon wax, modified >20 100 .0 .0
Cellulose acetate butyrate >20 100 .0 .0 .0
Silicone rubber 10 .13
Polytetrafluowct h)'Iene 3.6 .17 .17

kMn
Polystyrene (sheet) 840 93 .13 .13 4'
l>olydichlorostyrcne 2-5 29 7 79 .17
n ydrocarbon wax 20 13 56 .17
Ethyl cellulose 13 9 70 .33 .5
Cellulose acetaLe 7.0 6 77 1.0 6
Polyvinyl chloride aCetate 5.7 ]2 58 6'
Polystrene (plastici:f.cd) 5.0 4 83 .17 62'
Phcno ie, mica-filled 5.0 9 66 .17 13*
Aniline formaldchple 4.2 4 82 .17 20'
Polyamjdc 3.8 14 48 200
Porcelain, glazed 3.7 15 42 2.5*
Glass (high K) 3.4 10 59 17' 20'
1\.1 iea 3.0 12 50 n
Polystyrene (molded) 2.4 10 58 .17 .17
Polystyrene (plasticized) 2.4 8 6·1 .n .17
Steatite (L-3) 1.6 .17 .75
Quartz 1.4
Polyethylene 1.3 9 63 .17 .l7
})llcnolic, XX 1.3 ]6 45 80
Phenolic, asbestos filled 1.2 9 61 1 5' 100'

Mn
Phenolic. XXXP 660 15 25 300
Steatite (L-4) 640 .5
Phenolic, LE 500 18 16 400
Phenolic. m.ica-filled 320 8 58 40'
Slealile (L-4) 280 .33 4'
Polydichloro5lrcne 3-4 240 6 71 .33 5.3*
Phenolic, eellu 05e (illcd 240 10 49 400
Alliline formaldehyde, glass

matte 240 9 50 14 JOOO
Phenolic. C 220 ]6 20 300
Vulcallized Fibre 220 0 6000
i\ niline formaldehyde, glass

cloth 200 12 57 3
Qu'lrtz 190
Phenol formaldehyde (plasti-

cized) 100 12 34 25
Glass (sinlercd) 90
Glass bonded mica 64 18 31 400
Melamine. glass clotb 38 14 14 300
Phenolic, mica filled 30 II 32 7'

after dew point condensation. Any time
up to 0.25 minute (15 seconds) indicates
no volume absorption. Any longer time
which is starred (*) refers to the shape of
recovery curve characteristic of non­
porous materials, for which forced venti·
lation will give a recovery time of less
than 0.25 minute. Other large times indi·
catc volume absorption under the condi­
tion noted.

~1:any interesting facts may be gleaned
from this table. Tbe high position of
cellulose acetate-butyrate is surprising
when it is realized that this material
will absorb about 1% of water in 24
hours at 100% RlT. This water must be
kept in unconnected pockets to prevent
conduction. A sample with 4% of water
still has a resistance greater than 10
MM ll. Eventually the water in the
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isolated pockets joins and provides nor­
mal volume resistance. Glass, quartz,
steatite and mica are well down in the
list and probably would he lower if their
surfaces had been macle perfectly clean
by high temperature baking. Silicone
rubber is third from the top and illus­
trales the valuable waler-repellent prop­
erty of all silicone resins. Treatment of
materials containing silicon, such as
glass and quartz, by the special silicone
resins which produce a molecular layer
several hundred molecules thick makes
the trealed surface completely water-

12

loCpCIlCllL, even under hot salt spray and
salt watcr immersion. A similar treat­
ment of steatite affords great improve.
mcnt, but is not always entirely success­
ful. A non-porous ceramic properly
treated wiLh silicone resin is unaffccted
by moisture and is as nearly a perfect
insulator as exists at presenL It is quite
possible that certalll plastics, especially
the silicone resins. will also meet this
specification.

- ROIlEIlT J'. FII~Ln

Part II on A. C. Phenomena will ap­
pear in an carly issue.

MISCELLANY
• At Oregon State College on June 10,
lhe honorary degree of Doctor of En­
gineering was conferred upon ~1elville

Eastham, fOlmder and former president
of lhe General Radio Company, now
Chief Engineer in charge of research and
development.
• A PAP E R entitled "Wartime Prob­
lems of a Manufacturer of Engineering
Products" was delivered by A. E.
Thiessen, Vice President of the General

Radio Company, before the Cedal·
Uapids, Iowa, Section of the Institute of
Ra(lio Engineers on AprLl 19, and at a
meeting of the Cbicago Section on April
20.

On April 27, Horatio W. Lamson, of
the General Radio Engineering Staff,
addressed the Boston Section of the
Institute of Chemical Engineers on the
subjcct of HTime and Time :Measure­
ment."

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEtEPHDNE: TROWBRIDGE 4400

BRANCH

NEW YORK 6 NEW YORK
90 WEST STREET

TEL.-WORTH 2.. 5837

ENGINEERING OFFICES

CHICAGO 5, ILLINOIS
~20 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820

LOS ANGELES 38, CAlIFORNIA
10011 NORTH SEWARO STREET

TEL.-HOLLYWOOO 6321
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A PRECISION TUNING FORK WITH
VACUUM·TUBE ORIVE

FIGURE J. Panel view of the TYPE 816 Vacuum-Tuhe Precision Fork.

lGcncral HaJj" Expaimcnrer, Vol. X, No. 12.

.THE LOW-FREQUENCY TUNING
FOR K has been widely used as a standard
both for frequency measurement and con­
trol and for chronographic work. In 1\1a)',
1936, the General Hadio Company an­
nounced 1 the TYPE S15 Precision :Fork
which is supplied Lo operate at 50, 60, or
100 cycles per second.

This readily-portable instrument is a
double·buLLon microphone.drivcn fork,

which is energized by a bauery of from 4 Lo 6 volts. The fork itself is
made from a stainless-sleel alloy having a low temperature cocflicient,
so that the operating frequency remains within 0.01% of its rated value
under all normal fluctuations of ambient temperature and ballery
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volLage. In latcr tests:! under controlled
conditions of temperature and dri\-'i'ng
voltage, one of these forks stayed within
0.002% of its nominal value during a
two-months' period of continuous oper­
ation.

Subsequent studies showed that the
fork Llsclf, because of -its high value of Q
(ahollt 19,000), "as ultimately capable
of still greater precision. Accordingly,
a modified form of this tuning-fork
slandal'd, designated as TYPE 816 3, was
tlevelopcd to minimize somc of the limi·
tations inherent in the original lnstru­
menlo

l\'"cxt to temperature variations. the
ehief sourCe of erratic residual Auctlla­
lions in the frequency of the micro·
phone-driven fork is the microphone
bullon used in the driving circuit. The
amplitude and phase characteristics of
a loose pocket of granular carbon are
not constant. but are subject to consid­
erable random variation. Consequently,
the Juicrophoncs were removed, and the
fork was driven by generating from the
I ine motion a small emf in a polarized
electromagnet, LJ, amplifying this emf,
and suhsequently driving the fork by a
second polarized electromagnet, L 2• This

9General Hadio Experimenk.,., Vol. XIII, NOlI. 'l, 5.
JAhhotl,h I},., Tn'l! 816 "acullm~TlIbe Preci"ion Fork

hal! been a~'ailahle for .. :lr "Me for IIOllle lime, it hail not
hitherto been dc!OCribed itl 1I1e Experimenter.

pennitted a smaller tine motion, which
itself increased the inherent stability of
the forko

Another limitation of the mierophone­
driven fOI·k for some applications is the
appreciable but unavoidable variation
in power output, again caused by the
erratic behavior of a carbon microphone.
This is essentiaJly eliminated in the new
amplifier-(lriven fork.

In order to reduce the effect of am·
bient temperature fluctuations, the fork
is built into a temperature~controJled

box regulated automatically by a ther­
mostat so that the actual temperature
of the fork is kept to within about 0.1 0

Centigrade of an optimum mean value.
To provide for universal operation the

circuits arc so designed t!Iat power for
energizing both the heater elements and
the amplifier system may be obtained
from either of two sources:

(1) A single-phase a-c power line
supplying from 100 to 130 volts at any
commercial frequency, or

(2) A d-e power line of 100 to 130
volts.

·While this method of driving a tuning
fork is not basically novel, several fea­
tures have been introduced into the
amplifier system, all of which contribute
to the ultimate stability. The input
tube, VI, of the amplifier is heavily

FIGl;I{!c: 2. Schematic circuit diagram of the 'J'YPE 816-A Vacuum.Tube Precision Fork.

8·'

V-4Vo
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Copyright 1945. General Radio Company. Cambridge, MaRS., U.S.A.
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biased by means of an a-v-c tube, V3,

whose control potential is regulated in
turn by a gaseous discharge tube, V"'
thus providing a rigid control of line

amplitude, independent of supply line
fluctuations. The 3lnplifier design is sul'll
that phase shifts ill the output of the
driving Lube, V'!_ are reduced to a very
low minimum. These features, (~ombinea
with the high Q of the fork and its
low temperature ("oefficient, produce a
luning-fork standard whose residual
variations. \\ hen temperature controlled,
aggregate less than 0.001%, and can, to
a considerable degree, be attributed
directly to diurnal fluctuations in baro­
metric pressure.

H a less precise standard will suffice
for any particular appli('ation, the
heater power source may be omitteu,
anu the frequcncy stability of the fork
will he determined chieAy by ambient
temperature fluctuations.

OPERATING CHARACTERISTICS

Because o[ the high thermal capacity
oJ the fork, the actual temperature re­
mains within 0.1° Centigrade of the
optimum controlled value of abont 60°
Centigrad.e during successive cycles of
thermostat operation. At 60° the tem­
perature coefficient of frequency is less
than two parts per million per degree.
\Vhen the lellll>crature control 15 not
used, lhe ('ffet'live temperature of the
fork" ill follow, "ith considerable time
lag, the fluctuations of ambient temper­
ature, and the frequency will he subject
to a negative lelUl>eraturc l."OCfficicnt 4 of
the order of 10 to 20 parts per million
per degree Centigrade.

The a-v--c bias potential, and hence
the fork amplitude. is adjustable by
means of the potentiometer, P. thus [>cr-

'The mea..ured leml'eralure .:.....nici""1 i~ ~lIl'l'li"t1 .. illo
"ad. fork.
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miLLing an electrical control of the fork
frequency over a range of about 0.001%.
\Vith a minimum value of this bias
potential the· supply-line-voltage coef­
ficient of frequerH'y is positive and is less
than 0.03 pariS l>el' million per volt
('hange of line voltage. At the mid-value
of this bias potential, the eocfficient is
less than 0.01 parts per miJlion per volt:
,\ hjlc at the maximum bias poteLltial the
coefTicient is ncgative and less than 0.1
parts l>er million per volt changc.

\Vhcn one of these forks was cb~('ked

against a piezo.electrie primary stand­
ard having a still highcr degree of prc­
cision, it was found that the major part
of the minute fluctuations of the fork
frequency could be attributed to varia­
t.ions in barometric pressure. Increase of
pressure caused a greater efTedive load­
ing on the tines of the fork and a corre­
sponding reduction in frequeucy. 'rhe
resultant negative coefftcient is about
2.5 parts per million per inch of mercury
change in thc barometer reading. Sincc
the fork is maintaincd at a fixed temper­
ature above ambient, it would appear
that fluctuations in amhient humidity
would have no appreciable effect upon
its frc(!ucney.

These coefficient:; are each so small
lhat undel' all normal variations en­
countered in practice the unmonitorecl

FI4..:t.;UE 3. Typical frequency variation for a
nill('·da)' inten'al. :"Jote that when corrected for
barometric pressure tilt.· frequency remained
within 01H" Imrt in a million ofiL'> nominal value.

-
.:ll
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frequency will remain stable within con­
servative limits of 10 parts per million
or 0.001% which, as a chronometer,
means an error of less than one second
per day. If corrections for barometric
pressure arc applied by adjustment of
the potentiometer, P, a precision of
better than five parts per million may be
expected for this standard when set up
and run continuously.

The daLa plotted in figure 3 were
taken on a 50-cyele fork during atypical
nine-day interval of continuous opera­
tion and show how the residual variation
of the frequency of one of these tuning­
fork standards follows inversely the
variation of barometric pressure. The
ohserved frequency valucs were meas­
ured with a precision of onc parL in five
million. The second curve gives these
data corrected to a mean barometer
value of 30.2 inches. It will be seen that,
during this interval, the corrected data
did not depart by more than one part
in a million from the nominal value of
50 cycles per second.

CONSTRUCTIONAL FEATURES
The TYPE 81.6 Precision Fork and

its associated circuits are completely
housed in a metal cabinet. The instru­
ment is adapted either for rclay-rack
mounting or for standing upon a labo­
ratory bench and, if kept apprOximately
horizontal, is readily portable for field
use. Input and output leads are attached
through plugs on the rear of the cabinet.

The fork and associated magncts are
mounted on a spring-supported sub­
panel to minimiw damping. This assem­
bly, in turn, is contained in a metallic
box carrying the beater units and is sur­
rounded by a balsa wood box for thermal
insulation. The box and the amplifier
tubes are mounted upon a horizontal
shell beneath which are the various

clements of the amplifier circuits. If
desired, a thermometer may be inserted
through the side wall of the cabinet into
tbe fork box. The instrument panel
carries various control switches and a
synchronous clock, C, which can he
driven from the fork-controlled output
and used for calibrating the standard
over long-time intervals in terms of
radio time signal observations_ This
clock may be reset by a knob on the rear
of the cabinet.

The necessary cireui t changes for ac­
commodating the two different sources
of power supply are made at the input
power jack.

Coarse adjustments of the fork fre­
quency may be made by setscrews in the
ex tremities of the fork tines, and fine
adjustments by means of the a-v-c bias
control, P.

OUTPUT
Output power at the controlled fre­

quency is obtained by the use of a sep­
arate output tube, V4, furnishing about
two waLLs without and one watt wilh the
synchronous clock in operation. This
output power may be obtained at three
diITcrent generator impedance values.
The ou tPllt voltage may be neady sinu­
soidal or, for certain chronographic uses,
may be sharply peaked in character, as
selected by a switch on the panel. This
peaked waveform being rich in har­
monics is frequently usefulln measuring
unknown frequencies of higher value
than the standard. The use of an outpu t

transformer, T, permits the out.putsignal
circuit to be ungrounded and [rec from
d-c polarizalion.

The original TYPE 815 Precision
"Fork still retains its advantage of being
light in weight and of minimum bulk,
logether with its ability to be driven by
three small dry cells, and possesses an
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accuracy which makes it reliable to
0.01%. On the other hand, the new TYPE
816-A Vacuum-Tube Precision Fork has
at least a tenfold higher precision, beLtcr
lhan 0.001%, gives a higher and an un­
varying output power, is equipped with
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a synchronous clock for time keeping
and calibration, and may be operated
either from an a-c or a d-c power line.
Each instrument therefore has a field
of application in which it proves most
advantageous. -HORATIO 'V. LA)fSON

SPECIFICATIONS
Frequency: 50 or 60 cycles per second.
Calibration: The frequency is adjusted within
0.0005% of its rated value and is measured to
0.0001% in our standardizing laboratory.
Stability: When the temperature-control sys­
tem is operated, the frequency is within one
parl in 100,000 (0.001.%) of ite mean value thus
timing to beller than one second per day.
·Without temperature control, the frequcncy
will follow (with a considerable lag) variations
in ambient temperature. At ordinary room
temperatures, tile temperature eocfficient of
frequency is ncgative and is between - 10
and - 20 parts in 105 per degree Centi.
grade. Frequency changes with sUI)ply voltage
and atmospheric pressure arc uSlla Iy negli~ible

in comparison to the rated aecuraey of the lark.
Power Supply: The amplifier circuit and the
heaters for temperature control are arranged to
operate on either of two types of power supply,
selectiou being made by plug and jack temunals:

(1) a-e line, 100 to ]30 volts, 50 to 60 cycles.
(2) d.c tine, 100 to 130 volts.

Power Input: For temperature control, 30
walls; for fork and amplifier, 45 watts.

Output: Peaked or sinusoidal, as selected by a
switch. When the synchronous e10ck isoperated,
maximum output is 1 watt. When clock is not
used, mu:imum output is 2 watts. Output cir­
cuit is not grounded and is free from any doe
polari7.ation. Various output impedances be­
tween 200 and 30,000 ohms are provided.

:Maximum peaked open-circuit output volt·
age is 350 volts.
Vacuum Tubes: Supplied with Instmment,

2 -6A7G 1-6Q7G
1-25L6GT 1-25Z6

1 - 139-9'19A
Accessories Supplied: Spare fuses; 2 Multi­
point Connectors; 1 line connector cord.
Mounting: The entire assembly is mounted
on a standard 19-inch relay-rack panel, which
can be adapted for table mountin~by the use of
the wooden end frames sUPl))ied. The instru­
ment is readily portable in an operating condi­
tion if kept in approximately its operating
position.
Dimensions: Panel, 19 x 127( inches; deptb,
12~ inches.
Net Weight: 49}2 pounds.

Type Code Ward Price

816-A

816-11
Vacuum-Tube Precision Fork..

Vacuum-Tube Precision Fork..

FERR\'

FA8LI'.

$385.00

385.00
6LicellIM:d under patents or the American Telephone and Telegraph Company.

BUSMAN'S
• EVEN WHEN ON VACATION,
the engineer seldom loses interest in re­
search. ;VIr. Roberl F. Field of the En­
gineering Staff, while vacationing at his
:Meredith, New Hampshire, summer
home, recently conducted an investiga.

HOLIDAY
tion of the variations til \,"-ater depth
and temperature over parts of \Vinnepe~
saukee and Squam lakes. The results
were reported to the :Meredith Rotary
Club at their weekly luncheon on
Augusl 15.
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BALANCING TO
WITH THE AIO OF

(AboL'e) The famous SordclI Bombsight.

(IJclull') Till' lJylwLri(' halancing machilH' ;.-Iiow­
iug the SLro!Jotac and a I!yro in t('st p05ilion.

0.000070 INCH
THE STROBOTAC

• THE FAMOUS NORDEN BOMB·
S I G H T I unlil recently a complete mili­
tary secret, is probably one of the most
precise instruments made by lIlan, yet
it is heing buill in mass production by a
number of manufacturers.

The bombsight consists of l\\O main
units: the stabilizer, which controls the
horizontal flight of the plane during the
bombing rUIl; and the sighting mechan­
ism. \\hicb contains tue telescope and
computer. Each of these main units con­
tains a gyro, which must be balanced to
the unheard.-of accuracy of 70 millionths
of an inch. At lhe plant of the Victor
Adding :Marhine Company, one of the
manufacturers of the Norden bomb­
sight. this balam'ing is accomplished on
a HDynetric·· balancing machine, manu·
factured b)' thc GishoJt lachine Com­
pany. This machine uses as one of its ele·
ments a General Radio Strobotac.

The accompanying photograph shows
the balancing mal.:hine with a gyro and
its housing in the test posilion. The
Strobot.ac, which is shown at the left of



the gyro, has two Junctions: first, to de­
termine the rotational speed of the gyro
wheel; and second. to indicate the angu­
lar position of unbalance.

The Strobotac is set to the desired
speed, and the gyro is then brought up
to this speed by means of the clet;tronic
speed controller in the cabinet at the
extreme left. When the deslred speed is
reached, the rotor, as viewed in the light
from the Strobotac, appears stationary.
A precise setting and control of the speed
is necessary because the balancer in­
cludes a sharply tuned filter.

In the balancing operation itself, the
machine determines the amount and
angular position of the unbalance in
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each of two planes, which are thc faces
of the gyro whecl. The angular position
at which unbalance OCCurs is shown op­
posite a stationary pointer when the
Strobotac Oashcs. On the meter behinll
the gyro is shown tljrcctly the weight
that must be removed at the indicated
position to remove the unbalance. The
sequence of these operations is selected
by switches, shown at the right of the
gyro rotor. One switch selects the plane
of observation. i.e., left or right; another
selects either the meter indication of
amount of unbalance, Or the Strobotac
indication of angular position; while a
third provides two orders of meter
sensitivity.

PRODUCTION TESTING
WITH IMPEDANCE BRIDGES

UNKNOWN

ceptance tolerance of ±5%. \Vith the
CRL Multiplier set at 100 ""f, the bal·
ance point for 500 1J1J.f is at 5 on the CRL
dial, corresponding to a resistance of
5000 ohms on the CHL rheostat. At the
balance point for the lower limit of 475

""f (500 ""f less 5%), the "esistance of
the CRL dial js 4750 ohms, and at the
upper limit is 5250 ohms.

Consequently, a SOO-ohm rheostat

• WHEN THE TYPE 740·B CA·
PAC I TAN CE BRID GE and the TYPE
650~A rmpedance Bridge arc used for
the production testing of capacitors, in­
uuctors, and resistors, uneven wear of
the potentiometers in the bridges may
occur as a resuJt oC continued operation
over narrow ranges of the dials. This
can be avoided by connecting in series
with the potentiometer an external unit
covering the lolerallce range necessary
for the measurement, and making bal­
ances entirely on Lhis unit. Tile calibra­
tion of the auxiliary potentiometer can
be made experimentally by comparison
with the bridge dial, or can be calcu­
lated from the bridge constants. Our
TYPE 471, 371,0l' 314 and 214 Potentiom·
eters will be found quite satisfactory
for this application.

As an example, consider the measure­
ment on the TYI'E 650-A I mpeclancc
13ridge of 500-.u.uf capacitors with an al'-

AUXILIARY
RHEOSTAT
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can be used, with its dial marked zero
at the center and marked +5% and
-5% at the ends. The CRL dial shonld
be set at 4750 ohms, or 4.75 on the
scale, to make the auxiliary rheostat
balance at center scale for 500 /-l!J.f.

ATTENTION:

To connect the auxiliary rheostat,
it is necessary to break the connection
between the arm of the CRL rheostat
and ground, and to insert the auxiliary
at this point.

MIDWEST
• MR. ROBERT F. FIELDofonrEn­
gincering Department will present a
paper entitled uThe Behavior of Dielcc·
tries over \Vide Ranges of Frequency,
Temperature, and Humicl.ity" at the
following local sections of the Insti tll t.e
of Radio Engineers:

Cedar Rapids September 19
Chicago September 21
Kansas City September 24
Minneapolis September 25
Milwaukee September 26
South Bend September 27

A Technical Conference on r-f coil
design is being arranged by our Chicago
office. At this meeting Mr. Field wlll
lead the discussion and present the re-

sults of some of his recent work on this
subject. This meeting will be held the
afternoon of September 18 and engineers
interested in attending and participat­
ing are invited.

Mr. Kipling Adams of the Service
Department will be in Chicago during
the last two weeks of September and the
first week of October. The purpose of his
visit is to offer owners of General Radio
equipment in the Chicago area greater
asslstancc in service and maintenance
problems than would be possible by
correspondence. Mr. Adams will be
available for consultation, and arrange­
ments arc being made by our Chicago
office.

THE Genera.l Radio EXPERIMENTER is ,nailed without charge each montll.
to engineers, scientists, technicians, and others interested in communi­

cation-frequency measurement and control problems. When sending
requests for subscriptions and address-change notices, please sl~pply the
following information: nanle, co,npan)', address, type of business company
i.s engaged i,n, and title or position of individll.al.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH

NEW YORK 5, NEW YORK
U WEST STREET

TEL.-WORTH 2-5831

ENGINEERING OFFICES

CHICAGO 5. ILLINOIS
'20 SOUTH MICHIGAN AVENUE

TEl.-WABASH 38211

LOS ANGELES 31, CAliFORNIA
1000 NORTH SEWARD STREET

TEl.-HOLLYWOOD 6321
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A WAVEMETER
FOR 240 TO 1200 MEGACYCLES

FTGURE 1. Two views of the TYPE ll40·A V·H.F Wavemeter. At the front, the
butterfly is seen through a trans/)arent window; at the rear, both the resonance
indicator and the freqlJency sea e can he read as the tuning control is turned.

• TO STAT E THE RAN GE of a wave-

A LIGIIT SOURCE T·'OR

.MICROSECOND PIIO­

'1'OGRAl'IIY .

meter in megacycles appears to be an in­
consistency, but since today ··frequency"
rather than "l\vave!ength" is lIsed to dcIine
the period of oscillations, the only alterna­
tive would be to discard the designation
"wavcmeter." However, a wavemeter is
such a useful and time·honored piece of
equipment that it hardly seems advisable
to change its name. ]\lrorcover, the modenl

frequency meter is usually a heterodyne instrument (see General Hadin
Experimenter of July and August 1945), and the tcrm implies a degree
of accuracy that is not necessarily required for aU measurements in the
laboratory.

The new TYPE 1140 \Vavemeter is intended for applications where
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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
circuit is of the hutterUy type (see Gen­
eral Radio Experimenter of October 1944
and Proceedings of the Institute of Radio
Engineers for July 1945). The inductive
and capacitive elements arc built inte­
grally, and tlming is achieved hy simul­
taneous variation of both. No sliding
contacts arc used.

Resonance is indicated on a Dllcro­

ampere meter preceded hy a crystal de­
tector. Coupling between tuned (ircuit
and indicator is relatively close, and the
w8vt>meler is designed to make effective
coupling to the unknown source possible
without direct colmections. Some accu­
racy bas thus been sacrificed for high
sensitivity. If suflicient 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 detector, which consists of a sili­
con crystal and a tungsten wire, is con~

tained in a ceramic cartridge and is

easily replaced. Crystal detectors of this
kind have recently been standardized,
and the most suitable types are desig­
nated 1N21 and 1N22. The crystal de­
lectOr is shlUlted 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 circui t is around 1600 megacycles.
This high resonant frequeney has heen
obtained by mounting the detector
cartridge in a metal block and providing
ouly a small loop for coupling to the
butterfly (·ircuit. The metal block, seen
at the bottom of Figure 2, is part of the
casting whieh supports the hutterfly
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
tWliug knob are required to cover the
full range corresponding to a 90 0 rota­
tion of the butterfly rotor. The tuning
unit and the indicating meter are
mounted in a plastic housing which can
be held conveniently in one hand. Two
views of the complete wavemetcr are
shown in Figure 1. A transparent win~

dow in the housing shows the butterfly

j;'IGURE 2. View of
the interior of the
wavemeter with case
removed, The car­
tridge-type crystal de­
lector is mounted in
the metal block near
the base at tbe rear
of the butterfly. The
two clips above the
shaft bearing make
contact with the ter·
minals of the micro­
ammeter, so tha t both
original assembly and
removal for servicing
are easily accom·

plished.

Copyright., 1945, General Radio Compauy, Cambridge, MllSlJ., 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. 1fisleading indications can be
produced by resonance of the detector
circuit with harmonics of the unknown
frequency and by spurious responses of
the tuning clement. Spurious respouses

OCTOBER,1945

or modes, only too familiar to anyone
working in the microwave regions, aTC

caused by the fact tha t dimensions of
the circuit elements are no longer small
compared to wavelengths, and that cur­
rent paths through these elements afe
possible in different directions. l<'ortu­
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

SPECIFICATIONS
De t ector: A TYPE IN22 Crystal Detector is
furnished with the instrument.
Dim ens ion s: 3)/g x 7>{ x 47'2 (height) inches
overall.
Net Weig)t: 3>ipounds.

Frequency Range: 240-1200 Me.
Accur acy: ±2 % of the indicated frequency.
Temperature and Humidity: The accu­
racy of this wavemeter is independent of
temperature and humidity effects over the
range normally encountered in the laboratory.

Type Code Word Price

1140-A I U-H-F Wavemeter .

MISCElLANY

WAGER $65.00

• A0 RI AN W. CLEV ELAN 0 has
been appointed Purchasing Agent of the
General Radio Company, succeeding the
late Walter H, Sherwood, Mr. Cleveland
was born at Oxbow, New 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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A LIGHT SOURCE
FOR MICROSECOND PHOTOGRAPHY

4

• THE MICROFLASH. a highly
specialized type of strohoscopic light
source has been added to General Radio's
line of stroboscopic equipment. This de·
vice was perfected at the beginning of
the war, and it bas rendered good service
in a score or so laboratories during the
emergency. Now the 1\1icroAash is avail­
able [or peacetime use in research work
where short photographic exposures or
flashes of light arc required.

Commercially available stroboscopes,
hefore General Radio offered the first
Edgerton Stroboscope in 1932, were
mainly shULtcr-type instruments, which
operated by periodically interrupting
the user's vision, so that illumination
was low and only moderately high-speed
motion could be arrested. The develop­
ment of highspeed light sources for
stroboscopy by Edgerton, Germes­
hausen and Grier of :M. 1. T. opened up
new fields of usefulness for visual work
and resulted in the well-known Strobo­
lac and Strobolux. The latter instru­
ment produces a flash 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 (l,~~OOO of a second), however, is
a limitation which makes it unsuitable
for many applicaLionswhere close-ups or
even enlargements must be made of
objects moving at very high speeds, as
for instance, bullets and other projec­
tiles. Flash durations 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 oJ the spark as a light source,
most spark photography was done in
silhouette. Stroboscope design tech­
nique, however, offers a means of ob­
taining short, high-intensity flashes in a
small compact unit, with only a small
power demand.

Since the power required to operate a
stroboscopic lamp varies directly with
the flashing rale, much less power is
necessary for flashing at intervals of

FJGURE 1. View of
the Micro/lash un­
packcd and ready

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

several seconds or minutes than for the
high repetition rates used for visual
work. The duration of flash can be
greatly reduced by proper design of the
lamp and by using a smaller condenser
and charging it to a higher voltage.

A preliminary design of the Micro­
flash, TYPE P-509, was described in the
Experimenter a fe'\' years ago. 1 The new
TYPE 1530-A Microflash is now available
Ior general sale and provides a means of
photographing objects in much faster
motion than was possible with equip­
ment designed primarily for stroboscopy.

Functionally, the electrical circuit of
the Microflash is simple, consisting of a
rectifier power Bupply, a condenser
which is charged to about 7500 volts
from the power supply, and a lamp
through which the condenser is dis-

l"A Li,bt Source {or Uhu-Biab-Spccd Pboto,uphy,"
General Radio &puimetlU!r. Volume XVI, No.4, Sep·
tember.I941.
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charged to produce the flash. The flash
is utripped" by an impulse Lrom a spark
coil which ionizes the gas in the lamp
sufficiently to initiate the condenser dis·
charge. The spark coil is excited by a
thyratron, which in turn may be tripped
by making Or breaking an external cou­
tact, by pressing a button on the panel,
or by an impulse {rom a microphone
which picks up sound {rom the phenome.
non to he photographed. A built-in am­
plifier with a manual sensitivity control
is provided.

The external appearance orthe :Micro­
flash is shown in Figures 1 and 2. The
view of Figure 1 shows the instrument
set up for operation with the microphone
arranged to lei p the flash. For transpor·
tation, the lamp and power supply cases
lock together, as shown in Figure 2.

Two sockets are provided for plugging
in the tripping circuits, one for the
microphone, the other for a contactor.
A two-position switch permits a choice
of either make or break contactor~trip.

When the microphone is used, the
time of the flash depends upon the dis­
tance the sound wave travels before
reaching the microphone. As can be seen
from Figure 1, the microphone is pro­
vided with a cable of considerable length
so that the timing of the flash can be
adjusted over a considerable range by
moving the microphone with respect to
the object being photographed.

In adjusting the time of flash, it 1S
necessary to take into consideration an
initial minimum delay of 10 to 15 micro­
seconds. Although varying between
these limits among different instru­
ments, the delay is practically constant
for anyone unit.

The duration of the flash is about 2
microseconds, with a faint trailer lasting
about 15 microseconds, as indicated in



GENERAl RADIO EXPERI MENTER 6

Figure 4. To eliminate any effect of the
trailer, fUm should be undcr-exposed and
over-developed.

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

The MicroRash has many other appli­
cations in tbis field, among them investi.
gations of the impact of bullets, of arti­
fidally induced yaw to deflect projectiles,
and of the action of rotating bands on
shells. It has also proved useful in study­
ing lhe behavior of wads in shotgun
shells, and resultc(l in radical changes in
the design of the shells.

Other studies include the effects of
underwater explosions on models; icing

I"Microflaah S~..·• Fli,hl Defee" in ProjectileB.... Gen­
eral R.dto ExPf!'t'"i~.VofulWe 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.

Olher projected uses include the study
of the propagation of fractures in mate­
rials, and of the mechanism of wear in
aUlomobile tires at high speeds. The
Microflash also has possibilities for
studying cutting and grinding operations
with machine tools. For industrial re­
search where the behavior of rapidly
moving objects must be recorded, it
oITers a means of saving both time and
money, and for many problems offers
the only method of obtaining a satis­
factory solution.

- H. S. W'LKE'IS

F,GURE 3. MicrofJasb photo of tbe explosion of a ebotguD 8bell 38 it leave8 tbe muzzle of gun.
whicb is out of tbe picture at tbe right. Note that the wads can be seen a8 well a8 the cluster of ebot.

- H. E_ &l&uton
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-Courtay J~lI(!NOn Provin& Ground. Ordmmee Departme'". U. S. Army.

FIGURE 4. PhotoO'ruphs of three munds of ammunition showing hoth yaw and erratic hehuvior
co of windshields.

TIle pliQlograplis sllQwu below were taken by 1-1. K Ed{1flrtoll and F. E. Barstow and are reproduC(!(1
through the CQurt€S)' of the Hartford-Empire Company

FIGURE 5. Uncom­
pleted fracture in 'Ill

experimental holt Ie.
The heavy line is
drawn with gold on
the gla8s. which. when
interrupted by a
crack, 0l?em~ the cir.
euit to trtp the Micro­
flash. Note the faint.
lines at the ends of
the cracks which in­
dicate the direction
the fracture lines will
take. The velocity of
propagation of the
fracture has been de­
termined by IHicro­
flash photography to
be approximately
5000 feet per ~cond.

F'IGURE6. Experimental bottle
hreaking by severe impact
on a steel plate. The MICro·
flash tripping circuit is closed
by a sheet of tinfoil driven
against the steel by the bottle.

,FIGURE 7. Fracture of an ex­
perimental bottle under 520
lb. /sq. in. water pre88ure. The
fracture started at tbe center of
the radiating pattern. The Mi.
croflasb was tripped by a crystal
I}honograllh pickup with needle

bearing against the glass.

.FIGURE 8. Fracture of an ex­
perimental bottle under 730
lb. /89' in. water l}reSlmre.The
trippmg mechanism was the
8ame as that used for Fig.

ure 10.
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SPECIFICATIONS

Our a ti 0 n 0 f FIash: Approximately 2 micro­
seconds.
Power Supply: 105 to 125, 210 to 250 volts,
50 to 60 cycles.
Power '."put: 70 watts.
Tubes:
1- 5T4 (RCA) 1- FG-l? (GE)
1-2V3G(RCA) I-MC? (1852) RCA

Accessories Supplied: Microphone with
cable; tripod; all tubes; spare pilot lamps and

{uses; 2 spare flash lamps TYPE 1530.Pl; plug
for connection to contactor*trip jack.

M0 u ntin i : The power supply and triq-ger cir­
cuits are asscmbled in one metal case. tbe lamp
in another. The two cases Jock together for
transportation, completely protecti.ng the lamp
and controls.
Dimensions: 24% x 13}{ x 1134 inches,
overall.
N8t Weight: 72 pounds.

Type

1530-A IMicroflash .
1530·Pl Replacement Flash Lamp.

·PIll' current :FederaI tax on photographic equipment.

·· .. 1....

Code Word

TAFFY

TONIC

Price

$525.00*
15.00*

Licenscd under dellignll, patenU, and patent applicationa
of Eugerlon, Germellbaui!en and Grier, includin, Patent
No«.

2,185,189
2.201,166

2,331,311

2,201,161
2,302,690

and under Patent No. 1,190,153 and other pat"nu coverin,
electric.l diacharlle devicea and cirCllila with which aaid
device mllY he lllled. O"'ned by the General Electric Com~
pany 01' under which it rna,. ,rant licenaca.

ERRATUM
• I NTH ESP ECI F ICAT ION S for
TYPE 816 Vacuum-Tube Precision Fork,
descri.bed III the September Experi-

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

Type

816.A
816.R

Description

Vacuum·Tube Precision Fork..
Vacuum·Tube Precision Fork..

Frequency

50 c.p.s.
60 c.p.s.

Code Word

FERRY
FABLE

Price

$385.00
385.00

THE General Radio EX1'ERIMENTER is mailed wit/lOut charge each
1l1onth to engi.neers, scientists, techn.icians, and others interested in

comm.un.ication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the follolving in.foTlnation: narne, com.pany, address, type oj bus­
iness company is engaged in, and title or position of individuuL

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK
90 WEST STREET

TEL.-WORTH 2·5837

lOS ANGELES 38, CALifORNIA
1006 NORTH SEWARD STREET

TEl.-HOLLYWOOD 6321

CHICAGO 5. ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820
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• THE MEG 0 H M MET ER, since the in­
troduction of the TYPE 487 -A instrument
in ]936,1 has become a familiar piece of
laboratory equipment. The measurement
of high-valued f('sisLors and of leakage re­
sistance lip to several thousand megohms
becomes, with the mcgohmmetcr, as simple
as low-resistance circuit testing, and many
special applications have developed.

The TYPE 1861-A "McgohmmcLcr is a
redesign of the TYPE 487·A instrument. The principal changes arc the
addition of a range at the low-resistance end with a cenler scale value
of 0.1 megohm, stabilization of the voltage applied to the unknown,
and provision of a switch and an additional scale on the meter so that
the high resistance tube
\'OllmCler uscd in lhe
,negobmmetcr circuit ('an
be made available for doc
voltage mC38uremcnl,s
from 0-100 volts. Olher
changes from tbe original
TYPE 487-A design in-

l .',Ireland "A" Ohmlll.,•.,r 1"''-110.,
Mejfolhm Range.~:· G. U, F.xlwr;me,,·

ler. Vol. 9. ~o.,. " ~~ 5. Sel)temher­
Oo.:tolbcr 1936.

FIGUllE 1. Panel view of the
TYI'E 1861·A ~legohlllmelcr.

Supen>ooing the TYPE -W7-A,
this new instrument measures
resistances from 2000 ohms to
50,000 megohms and can also
he used as a d-c voltmeLer,
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elude elimination of the zero-selling
knob and rearrangement of the panel so
that the long dimension is from top Lo

bottom. The size of the instrument is
unchanged.

The new low range, also incorporated
in the TYPE 729·A Battery-Operated
:\'legolunmeLer,2 makes possible a de­
flection of at least a full division for re·
sistances from 2,000 ohms to 50,000
megohms, a range of 25 million to onc.
The wide range and the addition of the
voltmeter scale greatly increase the util­
ity of the instrument in trouble shooting.

The stabilized circuit nol only makes
unnecessary a preliminary zero adjust­
ment before lISC, but also eliminates
fluctuations in the meier reading result­
ing from line voltage variations. As a
result, accurate measurements in the
very high ranges of resistance can he
made very rapidly and conveniently.

The instrument is applicable to gen­
eral higb "esistance and leakage testing
except where specified test voltages must
be applied, or where the high-value
standard resistances employed in the
circuit would resllit in an excessively
large time constant. The latter limita­
Lion means LhaL the cqui pmcnt is suil-

IW. N. T"nl". "A !'orll'hle MCll'ol'rt,rt'''IU:' G. R. Experi­
""Hiler, Vol. IS, No.2, Jul)' 19·W.

+ •

G! t
"' £NEGJ..s ....o-cVOC-T'"

able for Lhe rapid testing of condensers
lip to only a few thousandths of a micro­
farad in capacitance. The TYPE 544-B
l\'Iegohm Bridge is recommended for
leakage testing of higher valued COIl­

densers. For applications not subject to
special requirements of this kind and Lor
resistances up to 10,000 megohms, the
new TYPE 1861-A Megohmmeter will
be found equally accurate and far more
rapid and convenient in use.

The standard resistances of 0.1, 10,
100, and 1,000 megohms employed in
the megohmmeter circuit can be con­
nected across the voltmeter as desired,
so Lhat the voltmeter resistance can have
the four corresponding values from 1,000
ohms per volt up Lo 10 megohms per volt.
ror applications where the voltage drop
of 100 volLs can be tolerated, the instru­
men t can also be used as a mieroam­
meter having a maximum full-scale sen­
silivity of 0.1 microampere.

The instrument, like its predecessor, is
suitable for many special applications
such as dClermination of the moisture
eontenl of wood, paper, dehydrated
products, and similar materials. The
additional scalc makes such determina­
tions possiblc for a wider range of maLe­
rials and for higher moisture contents.

- W. N. TUTTLE

•

FIGl'RE 2. Elementary scbematic circuit diagram of the megohmmetcr. The circuit is similar to thai
of the conventional ohmmeter. but a vacuum-tube voltmeter is used as the indicator.

CoJI)'ri,ht. 1945. General Ranio Company. Canlbridlle. Mall.8.• U.S.A.
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SPECIFICATIONS

Ran ge : 2,000 ohms to 50,000 megohmA in five
overlapping ranges; zero to lOO volts, de.
Sea Ie: The standard direct-reading ohmmeter
calibration is used; center scale values arc 0.1,
I, 10. 100, and 1000 megohms. Length o( scale.
3M inches; center decade, l%" inches. The sC<llc
is illuminated by a laml) in the indicating meter.
The voltage scale is linear.
Ace u rile y: Within ±5% of the indicated value
between 30,000 ohms and 3 mcuohms, and
within 8% between 3 rnct>'ohms an3 3000 meg­
ohms when the central decade of the seale is
used. Outside the central decade the error ill­
creases because of the compressed scale. For
voltage measurements the accuracy is ±2% of
full scale.

In p uf Imp e dan c e : For voltut;;:c measurements
tbe input impcdance in mcgohms is indicated
by thc selector switch.

Temperature and Humidity Effects:
Over the normal range of rOOln. conditions (650

Fahrcnheit to 950 Fahrenheit; 0 to 95% relative

humidity) the accuracy of the instrument is
substantially indeJlendent (If tcmperatllre and
humidity.

Voltage on Unknown: The applied voltal;c
on thc unknown does not f'xCl'cd 10,') "olLs and
varies with the indication.

Tub e s : The necessary lubes. 11llC t)"pe I.v. olle
tYlle 85. and olle OC3 fVR.150 are supplicd.

Power Supply: lOS to 125 (or 210 to 250)
volts, 40 to 60 cycles ac. The power required is
10 walls.

Accessories Supplied: -\ seven-foot con·
neetin; cord.

M 0 u n tin g: Tbc instrument is SUPI)lied in a
walnut case and is mounted on an engraved
black crackle-finish aluminum panel.

Dim ens ion s: (Width) lOx (height) 8 x (dcpth)
5)1 inches. ovcr-alL

Net Weight: 8U I)Ollllds.

Tvpe

1861-A I Megobmmeter.

Code Word

ONION

Price

$95_00

AN ANALYZER FOR VIBRATION MEASUREMENTS

• MEA SUR EMEN T of the effective
amplitude of vibration acceleration,
velocity, or displacement with a vibra­
tion meter and vibration pickup is in
some instances adequate for complete
solution of a vibration problem. This is
true when the vibration is known to be
essentially sinusoidal in waveform.

A complex vibration, on the other
hand, involving a number of compo­
nents of differing frequency and ampli­
tude, while measurable in its overall
effect by the vibration meter, can be
handled completely only if hroken down
into its various components by some
form of analyzer.

The TYPE 762-A Vihration Analyzer'
was designed to work with the TYPE

IThis allal,'zer was del!lCriloed ill "Ao Analyzer lor Suh.
AlJdible Fre(IUeneie8" by H. H. ScoUt JournaL oj the Aco.... ­
ticoJ Soci«y oj AmeriCG, Vol. XIII, No.4, pp. 360-362.
April, 1942.

761-A Vibration :Meter over an extended
frequency range of 2.5 to 750 cps (150
to 45,000 rpm). The f,-eqneney band
from 2.5 to 25 cps, covered by two
ranges in the instrurnen t, provides a
most important extension to the spec­
trum which can be analyzed. The major
components in a complex vibration will
often be found here, and it is seldom
that an analysis does not reveal at least
one component in this region of the
spectrum.

Modified to permit faster analyses
and a widcr range of application over
the same frequency range, the instru­
ment now in production is known as the
TYPE 762-B Vihration Analyzer. Its
important characteristics and its use in
analyzing complex vibration and voltage
waves arc described in succeeding para-
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graphs. The panel arrangement is shown
in Ifigure l.

As in the sound analyzer, the circuit
of the vibration analyzer includes a
linear amplifier witb a resistance-capaei­
tance-tuned feedback network, resulling
in high selectivity over the entire fre­
quency range. The selectivity provided
is similar to that of a constant Q, con­
stant impedance-level, resonant circuit
in the vicinity of the tuning peak.

Two band widths, one corresponding
to an effective Q of about 50 and the
other to an effective Q of 10, arc avail­
able with panel switching. Figure 2
shows typical selectivity curves in three
regions of the spectrum and includes for
comparison similar curves obtainable
with a heterodyne analyzer such as the
TYPE 736-A Wave Analyzer, which is
designed primarily for electrical wave
analysis and has a constant hand width
in cycles. The advantages of the con­
stant percentage band width of the
degenerative analyzer arc illustrated

clearly in this figure. The broad selec­
tivity feature is extremely helpful in
locating components quickly in a fast
sweep over the spectrum, the final
determination of frequency and ampli­
tude being made with the sharper net­
work.

As frequently occurs in vibration
work, a component may be drifting baek
and forth or warbling by several percent
about a mean frequency. Under such
conditions the high Q network "t'Ould
provide unstable or unreliable indica­
tions of amplitude because of its sharply
peaked characteristic. Here the broad
selectivity network finds another im­
portant use in making fmal determina­
tion of mean frequency and amplitude
of components. The flat topped charac­
ter of the broad selectivity curve as com­
pared with the peaked characteristic of
lhe sharp selectivity curve in the imme­
diate vicinity of a tuning peak is shown
in Figure 3.

The voltmeter of the instrument has
an approximately
logarithmic scale
calibrated in lin­
ear unils~ so as 10

provide usable in­
dications of rela·
t.ive amplitude of
components do\\ n

toaboutl%ofthe
largest component
withoutswitching.
Twoscales are fur­
nished to match
those on the indi­
cating meter of
the TYPE 761-A
Vibration l\'leter.

FIGI 'II E r. Pallt·1 view

or the TYPE 762.13
Vi bra lion Analyzer.
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In an analysis to detennine the rela­
tive amplitudes of the components of a
complex wave (vibration acceleration.
velocity, or displacement as determined
by vibration meter switching), a pre~

liminary sweep over the spectrum is
made to determine the component o(
greatest amplitude. With the analy..-;er
tuned to this componcnt, the SENSI­
TIVITY control is adjusted to an indi­
calion of 100 on the upper (black) scale.
This control is left fixed at the above
setting for the remainder of the analysis
and a final sweep over the spectrum is
made. As each component is tuned in,
its amplitude and frequency are re­
corded. Amplitudes are then direct read·
ing in percent of the amplitude of the
largest component. The upper (black)
scale is the only analyzer scale used for
this type of analysis.

A complete analysis of a complex
vibration, which yields the amplitudes
of the various components in terms of
their normal units (i.e., inches per second
per second for acceleration, microinches
per second for velocity. and microinchcs
for displacement), may be made with
only one modification of the procedure

just outlined - the method of setting
tbe SENSITIVITY control of the ana­
lyzer. For this adjustment a sinusoidal
signal must be applied to the vibration
meter and the analyzer adjusted to give
the same indication as that of the meter.
This may be most simply done by using
the nO-volt, 60-cycie, signal applied
through the power cord to the vibration
meter as in the normal calibration of
this instrument. With the CALIBHA­
TION-1 button depressed, thc METEH
READS switch set Ior acceleration, and
thc METEH SCALE switch of the vi­
bration meter adjusted to give an indi­
cation greater than one-third of full
scale, thc SENSITIVITY control of Lhe
vibration analyzer is adjusted to give an
analyzer indication identical with that
of the vibration meter. This makes the
analyzer direct reading for all compo­
nents. in the units determined by the
subsequent switch settings on the vibra­
tion meter. The SENSITIVITY control
must. of course, not be shifted through­
out succeeding analyses, and corre­
sponding scales arc read on both the
analyzer and meter indLcating instru­
ments.

"
,

c FIGUItE 2. ComparisoJl
z
w of selectivity curves ofu

" tbe degenerative and, w
~

• heterodyne analyzers.
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COMPARISON OF SELECTIVITY CURVES OF DEGENERATIVE AND TYPICAL
HETERODYNE ANALYZERS
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- W_ I{. SAYLOK

the vibration meter is used as a high­
input-impedance, high.gain, linear am­
plifier (the acceleration characteristic of
the meter is that of a linear amplifier
over approxlmately the frequency range
of the analyzer), and is inserted bctween
tbe bridge and the analyzer. Tbe input
impedance of the vibration analyzer
varies (rom 20,000 to 30,000 ohms de­
pending upon the setting of the SENSI­
TlVlTY control. With the SENSI·
TIVJ:'.r¥ control sel at a maximum, full
scale indication is obtained with an
input voltage of about 0.1 volt. Under
circuit conditions where these input
characteristics arc satisfactory, the in­
stnunent may be used directly as a
voltage analyzer or tuned voltmeter.
The procedure to be followed in making
the instrument direct reading in volts
or in percent of the major component
is identical with that outlined for vibra­
tion analysis.

I I; I I I \

/ llROAD -\SELECTIVITY,

I / I \

_v S,,~ ~V~ELECTIVITV

/ ILl·-, -5 -c -, -, -, I) ., '2 ·3 .-~---.: •

FIGURE 3. Plot of the relative band widths for
DROAD and SIIA RP selectivity positions.

COIolPARISOf\l Of SELECTIVITY CuRVES OF THE TYPE 762~B

VIBR4T1ON ANALYZER IN THE VICINITY OF A TUNING PEAK

,
DETUNING IN PERCENT OF FREQUENCY AT PEAK

;\1any applications in the field of wave
analysis in tbe low audio- and subaudio­
frequency regions are possible with the
instrument used directly as a voltage
analyzer. As a tuned detector in low­
frequency bridge applications it is prob­
ably best used again in conjunction wilb
'he TYPE 761-A Vibration ~\Iete,-. Here

SPECIFICATIONS

Fr e QUBnc y Ran ge : 2.5 to 750 cycles, covered
in five ranges as follows: 2.5 lO 7.5, 7.5 to 25, 25
to 75, 75 to 250, 250 to 750.

Band Width: For the sharp selectivity posi­
tion, the relative attenuation is approximately
30% (3 db) at a frequency differing by 1% from
that to which the analyzer is tUlled. For the
broad selectivity position, the attenuation is
30% for a frequency difference of 5%. At one
octave from the peak, the relative attenuations
are 98% (35 db) and 90% (20 db), respectively.

Frequency Calibration: The accuracy of
frequency calihration of tbe sharp selectivity
network is ±l~% or ±l~ cycles, whichever
is the larger. over the three highest ranges (25
to 750 cycles); on the two lower ranges (2.5 to
25 cycles). the accuracy is ±5% or ±0.2 cycle,
whichever is the larger. The frequency as de­
terrnined with the broad selectivity network
deviates on the average 1y less than ±2 % from
that determined with the sharp selectivity net­
work.
Frequency Response: The response of the
sharp selectivity network is Aat within ±2 db
over the entire range. At points where two
ranges overlap. the sensitivily is the same on

eilher range within ± I db. The st:nsitivily of
the hroad selectivity network is the same as
tllUl of the sharp seleclivity network to Vtithin
±2 db.
V0I tag eRa nge: The analyzer will give usable
in(lications on input voltages ranging from I
millivolt to 10 volts. The meter scale is cali­
hrated for reading dircctly eoml)Onenl tones
down to 1% of the fundamental or strongest
coml)Onent. Accordingly, to make full use of
this feature, the input voltage at the strongest
component or fundamental should be 0.1 volt
or bigher.
Input Impedance: The input impedance is
betwccn 20.000 and 30,000 obms, dependmg
upon the setting of the sensitivity control. A
3-l-'f blocking condenser is in serIes with the
input.
Temperature and Humidity Effects:
Under very severe conditions of temperature
and humidity only slight, and generally negli­
gible. shielS in calibration, sensitivity, and band
width will occur.
CIRe UI T: The circuit consists of a three-stage
amplifier made selective by tbe use of degener­
ation, and an approximately logarithmic



vacuum-tube voltmeter circuit, which allows
a range slightly in excess oC 40 decibels, or 100
to I, to he read on the rndec scale.

Meter: The indicating meler is calibrated
down to 1% of the fundamental or strongest
coml}(mcnt.

Telephones: A jack is provided on the panel
for plugging in a I)air of head telephones, in
order to listen to the actual component of the
sound to which the instrument is tuned. This is
also useful when using tbe analyzer as a bridge­
balance indicator.

Tubes: Three IH4-G and one IF7-GV tubes
are required. A neon regulator tuhe (type
T-4J1) is also used. A complete set of tubes is
supplied with the instrument.

Sat t e r i e s: The batteries required are four
Burgess No. F2RP 3-volt batteries, or the
equivalent, and three Burgess 1\0. Z301'\ :15-
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volt batteries, or the equivalent. A compart­
ment is provided in the easc of the analyzer for
holding all battcrics. and connections are auto­
matically made to the batteries when the cover
of this compartment is closed. A set of batteries
is included in the price oC the instrument.

Accessories Supplied: A shielded cable­
and-plug assembly for connecting the analyzer
to the vibration meter.

Cas e: The analyzer is built into a shielded
carrying case of airplane-luggage construction.
In addition to the handle on the carrying case.
a handle is provided on the panel of the instru­
ment for convenience in moving the instrument
about while it is in 01)Cration.

Dimensions: (Length) 18 x (width) 10 x
(height) 11.J,.-2 inches, over-all.

Net Wei g h t : 3 J. I)ounds. with batteries; 27.!4'
pounds. ",'ithout battcrics.

Type

762-B Vibration Analyzer.

Cuffe Wunl

A WAHl)

Price

$275.00

MISCEllANY

• PAP ERS-H. n. Richmond, Chair­
man of the Board, spoke at the confer­
ence on ~!lni5trumentation and the
University," held at Carnegie Institute
of Technology ou October 17. His sub·
ject, HEducational Preparation for an
Instrumentation Career in the Elec­
tronic Industry."

On November 12: E. E. Gross of the
Engineering Department spoke at the
Rochester Fall AfIeeling on ~'A Coaxial
Modification of the Butterfly Cireuit."

Dr. A. P. G. Peterson of the Engi­
neering Department spoke at the Cin­
cinnati Section of the I.R.E., Novem­
ber 20, on ulJigh.Frequency ~Ieasure­

lncnts. "
Ivan G. Easton of the Sales Engineer.

ing Department delivered a paper en­
titled "Tbc History and Technology of
the StrobosCOpeH at a meeting of the

Textile Division of the American Society
of Mechanical Engineers in New York,
November 29.

• WE HAVE ALWAYS BEEN
PRO U0 of the broad distribution of
GR products in industry. A good illus­
tration has just come to our attention.
In the October, 1945, issue of Electronics.
scattered among the advertisements and
articles there are fourteen pictures of
GH. equipment in as many different uses.
'~7e thank the users for their confidence.

• 0 0 N'T MIS S tbe General Radio
exhibit at the \Vinter Technical Mceting
of the I.R.E., to be beld at the Hotel
Astor, 1 cw York, January 23-26, 1946.
New designs will be displayed and
General Radio engineers will be on hand
to ans\,.,·er your questions.
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YORK
OFFICE

EASTON TO NEW
ENGINEERING

• EFFECT I VE about December 1,
Ivan G. Easton becomes manager of the
New York Engineering and Sales O.lIice
of the General Radio Company. l\1artin
A. Gilman, manager of this office for the
past two years, returns to the sales en-

gineering staff at the Cambridge oflice.
Mr. Easton was bom in 1916 and at­

tended the public schools of Rockport,
l\1assachusetts. He received his B. S.
degree in electrical engineering from
Northeastern University in 1938 and his
M. S. degree from Harvard in 1939.
Upon completion of his graduate work
at Harvard, he joined the engineering
staff of the General Radio Company and
has worked in both the development en­
gineering and sales engineering groups.
Readers of the Experimenter will recall
his many articles on bridge circuits and
impedance measurements.

Mr. Easton is a senior member of the
1. R. E. and for the past two years has
been Program Chairman for the Boston
Section. He is also a member of the
A. 1. E. E., a member of the Society for
Experimental Stress Analysis, and com·
pany representative of the American
Society for Testing ll<Iaterials. During
the war Mr. Easton has taught ESMWT
courses in radio engineering at North·
eastern University.
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