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AN ANALOG FREQUENCY METER FOR
MODERN MEASUREMENTS

The direct-reading frequency metel'
that displays its response on a direct
deflection instrument has been side
tracked of late in favor of the more ac
curate (and more expensive) dip;ital
counter. Previously available frequency
meters have had, by toclay's standards,
a rather low accuracy, a few percent at
best, and a somewhat lin'litecl frequency
range. The convenience and reliability
of the analog frequency meter, however,
make it particularly attractive for many
types of me['~surements. Recognizing
this, General Radio Company has de
veloped a ne\\' frequency meter, whieh
not only steps up the accuracy by fI

factor of 10 and greatly increases the
range of frequency that can be measured,
hut also doubles as a highly linear dis
criminator for fm measurcmcnts.

The new TYPE 1142-A Frequency
:Meter and Discriminator is basically a
frequcncy-to-dc-current converter, oper-

ating on the principle of a pulse-count
discriminator,l Its design features, each
tailored to meet definite design objec
tives, combine to produce an instrument
of outstanding performance.

The TYPE 1142-A Frequency Meter
and Discriminator will directly measure
frequencies between 3 cps and 1.5 Mc.
The nominal accuracy is 0.2% of full
scale for all but tbe extremes of its fre
quency coverage. Input sensitivity, like
frequency coverage and accuracy, has
been improved by at least an order of
magnitude over previous frequency me
ters. Input signals of 3D-millivolt peak
nmplitude are adequate over most of the
frequency range, and the sensitivity is
independent of input waveform.

Connection of an extcrnal ac volt
mctcr permits measurements of fm de
viation j with a wave analyzer, individual
componcnts of incidcntal fm in oscilla-

't:.:::i. Patent :\0. 2,362.503.

Figure 1. Ponel View of the Type 1142.A Frequency MeIer and Discriminator. The instrument is housed
in a rack·bench cabinet (see "The Cose of the Well-Designed Instrument," General Radio Experimenler,

March, 1960, page 7).
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tors, multipliers, and amplifiers can be
measured. Diseriminator residual noise
level is 100 db below full scale, con
sisting mainl.y of the fundamental and
second harmonic of the power-line fre
quency. All other frcCJuencies arc down
120 db or morc, permitting a resolution
of one part in a million for direct
measurement.

The usable frequency range, particu
larly for frequency-drift and incidental
fm measurements, can be extended up
ward to the thousands of megaeyclcs if
the frequency to be measured is hetero
dyned with a known standard. This
gives a proportionate increase in resolu
tion. Examples of drift measurement to
one part in 10 10 and of incidental-fm
measurements to one part in IOU are
described in APPLICATIONS, below.

READ-OUT ACCURACY

To solve the problem of readout to
0.1 % accuracy, two features are incor
porated. The first is the use of a unique,
precision, 6-inch meter, whose scale dis
tribution is linear from 0 to approxi
mately 150/0 of full scale and logarithmic
in the upper 85%. This meter is accurate
to 1% of reading down to 10% ~r f uIt
scale, which is literally an order-of
magnitude greater accuracy at this point
than a 1%-of-full-scale meter. The sec
ond feature is the usc of an interpolation,
or calibrated, meter-expansion teehnique,

whereby anyone of 15 equal portions of
any of the five (5) ranges can be ex
panded precisely 10:1 (see Figure 2). This
transfers the first digit of the meter indi
cation to a switch and displays the sec
ond and third digits on the meter. This
also provides 50% overlaps and elimi
nates the need for end-of-scale readings.

Provision has been made for driving
1- and 5-ma recorders. \Vhere higher
recorder resolution is desired, additional
binding posts are provided, which sup
ply the interpolation signal.

EASY TO OPERATE

\Vhile no worthwhile feature has been
omitted to limit the versatility of this
instrument, the requirement of simplic
ity of operation has not been overlooked.
1\1easurement of an unknown frequency
is no more complicated than measure
ment of a voltage with a voltmeter, as
can be seen from the front panel controls.
\Vith the METER FUNC'l'ION switch in
DIRECT positjon (Figure 1), simply set
the RANGE s\vitch to the appropriate
position and read the meter. Adjustment
of the INPu'r WAVEFOIU\'f control is neces
sary only when optimum sensitivity is
required. 'l'he measurement accuracy is
1% of reading down to 10% of full
scale; 0.1% of full scale at indications
below 10% of full scale. In other words,
essentially all the error is due to the
meter.

POINTER

j'_--'-'-_.L.'_.,··..a·o·'··,~'.. '"
• L,

.. ".
OJ"

o
--'--

_---------------- POINTER

r
I
I
I
I
I

.,

DIRECT

INTERPOLATION

Figure 2. Illustrating meter scale
expansion. With METER FUNCTION
switch set on DIRECT, meter indi
cates 0.77, as shawn at top. When
set on INTERPOLATION, as shown at
bottam, the frequency meter indi
cates 0.766. The first digit (.7) is
set on the INTERPOlATION OFFSET
FREQUENCY switch and the interval
from .7 10 .8 is expanded to cover
the scale from 0 to 1.0, so that the
secand and third digits (66) are

easily read on the meter.
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Figure 3. Functional block schematic of the fre
quency meter.

STANDARD'lEO PLtlS[(CO'lSTANT AREA) TO METER
CIRCUIT. PULSE DURATION CHANGES IN DECADE

STOPS WITH RANH SWITCH~
INT£RP
RECOFlO

OUTPUT STAGE

INTERPC\.ATlON ~ i
F~~6~~~l'1.2
SWITC~

"

If greater read-out resolution is re
quired, set the IN1'ERPOLA'l'ION OFFSET

FREQUENCY switch to correspond to the
first digit of the meter indication and
switch the METER FUNCTION switch to
INTERPOLATION. The meter scale will
then effectively be expanded by a factor
of 10 (see Figure 2), with a read-out
accuracy of 0.1%.

CALIBRATION

A calibrating signal, which is the
second harmonic of the power-line fre
quency, provides a quick check for
normal operation. Controls for con
venient calibration of both the DIRECT

and IN'L'EHPOLA'l'iON modes of operation
on the 150-cps range are provided on
the front panel. These controls are
primarily required for compensation of
any long-term drift of the current
source, and, therefore, they correct all
ranges.

Independent calibration of the other
four ranges is rarely required after cali
bration at the factory, except when
the timing or output tubes are replaced,
which may necessitate a single adjust
ment on each of the four top ranges.

PRINCIPLES OF OPERATION
Frequency Meter

Figure 3 is a combined block and ele-

mentary schematic diagram. The input
signal is dipped 01' limited, amplified,
clipped a second time, and amplified
again. The resulting wave-shape approx
imates a square wave or a series of
pulses, depending upon whether the in
put signal is a sine wave or pulses,
respectively.

'fhe pulses tdgger a Schmitt circuit,
which produces positive pulses of 0.1
Ilsec duration, coinciding in time with the
positive-slope zero crossings of the input
signal. These pulses are amplified to
trigger the monostable multivibrator, or
timing stage. Adjustment of the INPU'l'

\v:\ VEFOf{M control makes possible a
constant Schmitt-circuit sensitivity re
gardless of the duty ratio and polarity
of the pulses.

The monostable multivibrator pro
duces a pulse of constant amplitude and
duration for each input pulse. The pulse
duration is determined by resistor
capacitor combinations, with accuracy
and stahility assured by the use of pre
cision, temperature-compensated capaci
tors and General Radio wire-wound re
sistors. Range switching changes the
timing resistors and capacitors to pro
duce decade changes in pulse duration.

The standardized pulse is then fed to
the outpnt stage (to simplify the dia
gram, two meters are shown in place of
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one). The left-hand triode, \\'hich is
normally at cut-off, is turned on by the
standmdized pulse and remains on for
precisely the duration of this pulse. The
current flo\\-ing at this time is determined
by the regulated vol tage, Vol, and the
cathode resistor - a sk'lblc, wire-wound
resistor in series with the DIRECT CAL

potentiometer. The average current
through the plate-load resistors is,
thcl'cforc, directly proportional to the
number of input pulses pCI' second, and,
hence, to the input frequency. A meter
across a portion of the load resistor in
dicates this frequency.

The average de voltage developed
between the plate and ground, i.e., at
the rm terminals, is precisely 15 volts
at full-scale deflection (1.5). A high
impedance recorder or de voltmeter can
be connected to these terminals as an
additional readout.

The right-hand triode is a constant
current source with a plate load con
sisting of 15 equal-value, 0.05%, wire
wound resistors. Its plate current is
adjustcd so that the total Yoltage drop
across these resistors is a constant 15
volts. When used for interpolation the
meter is connected between the plate of
the left-hand triode, which is between 0
and -15 volts, dc, depending upon the
input frequency and the appropriate
"bucking" voltage from the precision

voltage divider, and full-scale sensitivity
is increased 10:1 by removal of its shunt.
End-oC-scale readings are eliminated by
the provision of a 50% overlap on each
of the 15 interpolation ranges; hence, as
indicated in Figure I, any frequency in
dicated between 1.0 and 1.5 may be read
also on the meter between 0 and 0.5 if
the INTERPOl,ATION OFFSET FIl.EQUEKCY

switch is set one digit higher.
With the shorting link removed, a

maximum of 7 ma is available at the
Dln.l~c'r HECOHD terminals, so that most
standard I-rna and 5-ma recorders can be
used. l'he RECORD CUHBENT potentiom
eter is a convenient sensitivity control
for these recorders, and has no visible
interaction on the DlHEC'l' METER in
dication.

An additional recorder output at the
RECORD IKTERPOLA1'lO~terminals makes
available the interpola.tion signal from
the meter circuit. Full-scale voltage is
0.64 yolt behind 4800 ohms. Use of
a high-impedance recorder eliminates
any interaction on the metel' indication.

Discriminator

Operation of the frequency metcr
circuits requires the generation of a
constant-amplitude, constant-duration
pulse for each input cycle. These stand
ardized pulses haye a fixed-time relation
with respect to the input signal and when

Ib15)()

'",

INPUT

OUTPUT
(P\.AUQlCOUT

PI,IT $UGEI

,.

~(dl

ruuLJUUl (.J

Figure 4. Illustrating the operation
of the pulse-count discriminator
far (Ie") canstant input frequency
and (right) frequency-modulated

input.
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Figure 5. Block diagrams of arrongemenls for
heterodyning high frequencies down to the range

of the frequency meter.

APPLICATIONS
The Type 1142-A Frequcncy Meter

and Discriminator can be used to
measure and to record frequency and
frequency changes, or used as ~n ex
tremely linear and low-noise discrimina
tor for fm demodulation and incidental
fm measurements. 'rhere are, however,
many additional applications utilizing
this meter as the main element in a
measurement system, which greatly ex
tend its range and utility.

Frequency and Drift Measurements

To extend the range of frequencies
over which measurements can be made,
the signal under measurement is hetero
dyned with a local oscillator to bring
their difference frequency within the
range of the frequency meter. Thus, with
the arrangement shown in Figure 5a, fre
quencies can be measured and recorded
through the kilomegacycle range. The
measurement accuracy is essentially that
of the local oscillator. For example, if
the local oscillator is a precision standard
oscillator, operating at 1000 1\1c and the

TYPE 1142-A
FREQUENCY

M~~6R H RECORDER I
DISCRIMINATOR

TYPE 1213-0 ,I
UNIT TIME/FREQUENCY

CALIBRATOR

r---- -----,
l AMPLIFIER :
l. • -..l

TYPE 1l42·A
FREOUENCY

METER H RECORD£R I
AND

DISCRIMINATOR

I
OSCILLATOR

UNDER
TEST

(o)

(b)

suitably filtered provide a precise pulse
count discriminator output.

The output signal at the fm terminals
is shm\"!1 in Figure 4. \Vith a constant
frequency input signal (--I-a) , the stand
ardized pulses arc uniformly spaced
(-lb). A low-pa filter removes all ac
components of the pulse train, leaving
only the avcrage (dc) component (4c). If
the input frequency increases, the :1\"er
age-value component Hlcrcases also.
Thus, if the input frequency varies (-lei),
i.e.) is frequency modulated, the stand
ardized pulses are no longer uniformly
spaeed (-1e), and the average-value ('0111

ponent varies corrcspondingly (4f). This
\"i\riation is an ac signal identical to the
origin~)l modulation.

The frequency deviation for an fm
signal is rcadily determined, since full
scale deviation, peak-to-peak, on any
range corresponds to 15-yolts peak-to
pcak output. A change in input frc
quency of 1 ppm, either peak-to-peak,
peak, 01' 1'ms, rcsults in an ac output
voltull;c of 15 MY, peak-to-peak, peak, or
rms, respectively. Since the narrow band
noisc is more than ] 20 db down from
full output, peak deviations as small as
1.5 cyclcs on thc 1.5-Mc range, or 0.0015
cycle on the 1.5-kc range, can be
measllrcd.

It is obvious that the filter must
eliminate the ac components of the
pulses and still permit the average value
component to vary at the modulating
frequency. A single-section, RC low
pass filter with a break frequency of 10
kc is used for this purpose, although, in
instances when low carrier frequencies
are measured, additional filtering may
be necessary. If the standard 75-"sec
de-emphasis network used in fm broad
casting is desired, an additional capaci
tance of 0.011 I'f should be placed across
the fm terminals.
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TYPE 1142-A
fREQUENCY

METER
AND

DISCRIMINATOR

TYPE
1230-A

d-o
AMPLIFIER

8

Figure 6. Arrangement of equipment used to measure 'he relative drift of two S-Mc oscillators. The
5-Mc frequencies were multiplied up to 1000 Me 10 magnify their frequency drifl.

frequency of the oscillator under test is
within 150 cycles of the local oscillator,
then frequency changes of 0.1 cycle or
approximately 1 part in 1010 can be
directly read on the frequency meter.
Since a frequency difference as high as
1.5 Me is also readable on the meter,
measuren1cnts of warm-up drift on high
frequency oscillators are conveniently
made with the same equipment (Figure
5a).

Frequency measurements ncar inte
gral values of multiples of ]00 kc, 1 Me,
and 10 1\10 are readily mcasured using
the Unit Time/Frequency Calibrator,
TYPE 1213-D. 2 This instrument in
cludes a crystal-controlled source of
these frequencies together with a hetel'O
dyne detector and audio-beat amplifier.
As shown in Figure 5b, the local oscilla
tor, mixer, and amplifier are replaced by
the calibrator unit.

~n. w. Frank, "A Time/Frequency Calibrator of Im
proved Stability," General Radio EX}l<;rimenter, 33, 10,
October Hl59.

The arrangement shown in Figure 6
was used to obtain the record (Figure 7)
of the relative drift of two 5-Mo crystal
oscillators. The 4-Mf capacitor on the
intcrpolation rccorder output provides
sufficient filtering to prevent the re
corder pen from responding to the pulse
frequency in the frequency-meter out
put. '1'he shunt resistor was used to
adjust the full-scale sensitivity of the
recorder, in this instance to one part
in 108 .

Measurements with the Discriminator
Sources of Error

\Vhile the use of the discriminator
poses no problems peculiar to this in
strument, certain precautions should be
taken to insure accurate measurement of
low values of fm deviation. Obviously
sufficient signal must be available. Op
eration at the limit of sensitivity will
not give the best results. Furthermore,
measurernents cannot be made in the

Figure 7. Chari record of the
measurement of Figure 6.
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figure 8. Illustrating the apparent frequency mod
ulotion produced by an amplitude-modulated

wave.

the modulation approaches 100%, the
input carrier is near zero amplitude
during a considerable number of carrier
frequency cycles and the input level may
be too low for proper operation. Even
with sufficient signal a difficulty exists,
as shown graphically in Figure 8. The

presence of noise so great that extraneous
zero crossings are generated.

Effects of Additive Noise

A morc subtle error in incidental fm
measurements can be caused by a lo\\'
frequency noise signal superimposed on
the input signal. The generated pulse
does not start at precisely the zero
crossing of the input signal but at a
time when the input signal reaches some
fixed voltage (usually less than 10 my).
Noise introduced with the signal will
result in some variation in the time
relationship between the input signal
and the output pulscs and will be
measured as fm. The amount of this
generated fm is a function of the fre
quency of the noise as well as the signal
to-noise ratio. The peak devjation of
this extraneous fm is approximately:

O'SCR''''NOTO''
OUTPUT
PUlSES

A Mise
L:::..fcps = !noisc X -A-

wiynal

where A = amplitude of noise and input
signals

For example, a I-volt, 100-kc carrier,
with a noise signal of I mv at 100 cycles,
would give an equivalent fm output of
0.1 cycle or 1 ppm deviation. A simple
RC high-pass filter can bc used to re
duce the low-frequency noise signal and
usually is adequate to eliminate this
problem completely. This filter should
always be used to remove the recovered
amplitude modulation in the measure
ment of incidental fm on an amplitude
modulatecl signal that has been hetero
dyned in a diode mixer such as the
TYPE 874-MR, or to remove 50-cycle
hum pickup on thc input.

Effects of Amplitude Modulation

The presence of high levels of am
plitude modulation on the input signal
can also produce errors. Obviously, as

start time of the output pulses is
determined by the time at which the in
put signal reaches a given instantaneous
value; therefore, any change in the
slope of the input signal affects the time
of these pulses ·with respect to the zero
crossing of the input signal. The fro
deviation produced by amplitude modu
lation is approximately:

S
.6.f~P8 = fmod M -A

""'
where fmod = modulation frequency

S = sensitivity of the meter
at the carrier frequency (no modulation)

M = modulation index
A car = amplitude of the carrier

The sensitivity is found by reduction of
the signal to the failure point. As an
example, let us assume that at 100 kc
S is found to be 10 mv. A I-volt, 100-kc
carrier, modulated 25% at 400 cycles,
will produce an fm output of approxi
mately:
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(Ahove) Figure 90. Equipment used to determine
fm deviotion in an amplitude-modulated wove as

(I function of input level.

(AI righ,) Figure 9b. Pial of results of the meosure·
ment shown above.

(0)

TYPE

~
L 1142-A
I FREOUENC'f
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AND

CAPACITOR ROTATEO.........1:: DISCRIMINATOR
AT 1800,pm --- - =
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ANALYZER

TUNEO TO
3O<po

Ib)

130

-"
~20
~ I~

~IO. ,
~

~ 0o!:..L-lo~.,~,;.o:::",:':.'---;':':D---;';';.,,.--;',.,
- CARRIER INPUT - VOLTS rms OF

UNMOOULATEO CARRIER

.OJ
6/,p. = 400 X .25 X T ~ 1 cycle

(01' 10 ppm)

This a-m-gcncl'ated fm may be mini
mized by fin increase in the input level
or a. reduction in the percentage modula
tion. The input signal cannot be in
creased indefinitely, however. Because
of the nature of limiters, ,,"hether they
arc internal 01' arc added externally to
aid in eliminating the a-01, some de
modulation of the a-111 signal will occur.
'This demodulated signal reacts upon the
input stages in the same manner as
additive noise and results in a discrimi
nator output as prc\'iousl~- described.

It is difficult, if not impossible to
measure this effed with available ampli
tude-modulated oscillators 01' signal gen
erators because of the difficulty of
separating the fm generated in the source
from that of the discriminator.

1"0 measure thi~ effect, a motor
driven capacitiye voltage divider, Figure
9a, was used to ~ener:1te an amplitudc
modula.ted wave relatively free of an~'

fm or phase-modulation elfeds. A plot
of effecti,-e fm as a function of input
('arrier level is shown in Figure 9b. It
is apparent that an input level between
approximately 0.5 volt and 2.0 volts is
optimum, On either side of this range
there is an increase in measured fm. At
low voltages there is insufficient signal
for accurate measurement, and above 2.0
volts the limiters produce some de
modulation.

A knowledge of these SOurces of errol'
in measurements with the discriminator
should be helpful in explaining the func
tions of the various filters used in the
measurements of fm, flutter, and wow
desel'ibed below.

Frequency Modulation Measurements

Fm dm-iation measurernents are made
by substituting an nc voltmeter for the
dc recorder shown in Figure Sa, The use
of heterodyne techniques not only ex
tends the frequency range but also in
creases the resolution.

Asan example, incidental-fm measure
ments of a 50-Me oscillator were made
by using a battery-powered 49.5-Mc
loeal oscillator i battery power was
utilized to eliminate incidental-fm com
ponents of the ae power supply fl'e
quencies f!'Om the locnl oscillator, because
these \vere the primary fill components
of interest in the oscillator under
measurement. The results, ho\\'e\"er,
showed that, while 60- and 12Q-cycle
fm components of a normal level did
exist, even larger peak deviations at 25
and -is-cycle rates were also present.
These fm components were finaliy traced
to micl'Ophonics in the oscillator under
test. The sources of the vibrations were
a blo\yer-cooled oscilloscope and power
supply resting on the same bench as the
50-Me oscillator with fan speeds of 1500
ancl 2700 rpm respectively!

A measurement that demanded the
full utilization of the techniques and
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gram of system used
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precautions previously discussed "-as the
determination of the I'm noise level of
the TYPE 1112-.'1. Standard Frequency
Multiplier." A block diagram of the
measuring setup is shown in Figure 10.
Inasmuch as the predominant I'm com
ponents were expeeted to be harmonics
of the power-line frequency, the multi
plier was powered by a variable fre
quency power supply set to approxi
mately 70 cycles, so as to permit
separation of the multiplier's fm noise
level from that of the rest of the system.
The low output level of the 9.99SS-1\1c
local os('illator necessitated the use of an
amplifier (TYPE 1206-.'1.) to drive the
frequency meter. A band-pass filter con
sisting of a 2-kc, Re, low-pass section
together with a I-kc, Re, high-pass
section attenuated extraneous signals
(60- and 70-cycle hum as well as high
frequency carrier noise) while passing
the 1.2-kc carrier and side bands. The
SOO-cycle and 500-cycle filters shown in
FigurelOprevent the45-volt, 1.2-kcpulses
from overloading the wave analyzer.

In the above setup, i.e., with a 10-Mc
carrier and a 1.2-kc beat, a 7-l1-v reading
on the wave analyzer corresponds to a
peak deviation of approximately one
part in 1010 The total noise level of
the TYPE 1112-.'1. Standard Frequency
Multiplier was found to be approxi
mately 5 parts in 1010.

\Vhile the previous examples have
~T.cwis, ")lew Stn.ndnrd-Frequcney :\lultipliers.
General Hadio Experimenter, 32,14. July, 1958.

heen primarily concerned ,,-ith small
peak deviations at low modulation rates,
there are occasions when the mcasure
ment of large frequency deviations or
high modulation frequencies is desired.
It is apparent that the largest peak de
viation measurable with the 'I'vPE 1142-A
Frcquency Meter and Discriminator is
equal to one-half of the range-switch set
ting in use, or ±750 kc on the 1.5-1\1c
range. For modulating frequencies above
10 kc, the output is deereased because of
the internal lO-ke filter. It is therefore
necessary to remove the 0.0033-Mf filter
capacitor if a higher roll-off frequency
is desired. Under this condition, the
output impedance is 5.1-kilohms. The
roll-off frequeney now depends upon the
capacitive load of the external voltmeter
or filter. It is not possible therefore to
state categorically the maximum de
tectable modulation frequency without
a knowledge of the characteristics of the
filter and voltmeter being used. However,
with a total shunt capacitance 100 I1-l1-f,

it is possible to maintain the response
within 1 db out to a 100-kc modulation
frequcncy.

Flutter and Wow Measurements

The measurement of flutter and wow
of tape recorders, both audio and data,
or of turntables, is possible with the
setup shown in Figure 1.1. The osci-Ilator
frequency is usuall,Y an industry stand
ard, e.g., 3 kc for audio recorders. The
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Figure 11. Equip
ment set-up for the
measurement of flut
ter and wow in
recording devices.
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FREQUENCY L_-I-J DISCRIMINATOR

high- and low-pass filters preceding the
T'YPE 1142-A Frequency l\1eter and Dis
criminator may 01' may not be necessary_
The function of the high-pass filter is
to attenuate the low-frequency hum
components from the recorder amplifiers
so that they will not generate any fm in
the frequency meter; the low-pass filter
is included to attenuate the bias signal
often present at the output terminals
of a three-head tape recorder when
recording and playback are occurring
simultaneously. The low-pass filter fol
lo\V-ing the frequency meter may not
be necessary when data recorders are
being tested, since the internal 10-kc
filter of the frequency meter is usually
adequate when a carrier of 50 kc or 100
kc is used.

\"hile a wide-band rms voltmeter with
the appropriate low-pass filter (300
cycles for audio recorders, 5 kc or 10
kc for data recorders) will give the total
flutter and wow level, a wave analyzer
indicates spccific frequency components
allowing one to pinpoint directly the
source of the major flutter components.
For example, Figurc 12 is an automatic
plot of flutter of an audio tape recorder
made with the use of the TYPE 1554-A
Sound and Vibration Analyzer (tunable
from 2.5 cycles to 25 kc) coupled to the
TyPe 1521-A Graphic Level Recorder.
Peak flutter components are produced
not only at power supply frequencies
but also at frequencies directly re
lated to motor speed, capstan speed,
idler speed, etc.

Automatic plots like that of Figure
12 can be made over a frequency range
of 20 cycles to 25 kc. The response of the
Graphic Level Recorder drops off below
20 cycles so that hand-plotting is neces
sary at lower frequencies.

Other Uses

Since the frequency meter generates
a standardized pulse for each input
cycle, it follows that it will measure the
average of a frequency that is changing
even if it is aperiodic or random. This
fact is made use of in production testing
of the TYPE 1300-A Beat-Frequency
Video Generator. To cal ibrate the
sweep-frequency circuits, the peak devi
ation with sine wave sweep is set to 1
Mc by measurement of the average out
put frequency. Since the average of a
sine wave is .636 of peak, the frequency
is adjusted for a frequency meter indica
tion of 636 ke.

lt is also apparent that signals to be
counted may be dcrived from simple
photoeell devices, tachometers, geiger
tubes, magnetic pickups, or any other
t,ransducers capable of supplying a 30
m v peak signal.

- COSTA G. CHITOURAS

Note

The development of the TYPE 1142-A
Frequency I\1eter and Discriminator
was carried out by Mr. Chitouras. R. ,,,.
Frank contributed to the early design
and the project was directed by M. C.
Holtje. - EDITOR
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Figure 12. Automatic
plot of f1uller in an
audio tope recorder,
mode with the
equipment shown in
Figure 11. A re
sponse of -60 db
corresponds to a fre
quency deviation of
0.1% of the test

frequency.

SPECIFICATIONS

Range; 3 cps to 1.5 :\lc in five deca.de range".
Full-seale values are 150 cps, 1.5 h, 15 ke,
150 h, and 1.5 .:\le. A ca.lihrated intcrpolu.tion
feature cfTcct.ivcly expands the meter scale by
a factor of 10 so that 1/10 of any of the above
ranges covers the full meter scale.
Accuracy:

Recorder Output Current: 0.05% of full scale
+.05% of reading, below J5 kc. 0.1% of full
seale +0. I % of reading, above 15 ke.

l\'feter Error:
Dircet l1eading': 1% of I'cI1ding above 10%

of full seale (0.1 % of full scale below .10% of
full scale).

Tnterpolal.ing: 0.1 % of full scale (range
switch setLing).

LillO Voltage: Variations of ±IO% produce
approximately a ±0.15% change in reading
below 150 kc and ±1 % above 150 h.

Temperature: Drift after a few minutes is
less than 0.2% of reading, substantially
complete wi-thin 30 minutes.

Over-all aecumcv is the sum of the recorder
output current error and any of the above
applicable el'l'Ol·s.
Colibrolion: Internal ealibrn.tion at twiee line
frequency to standardize output ClllTent.
Sensi'ivity: 20 my, rms, for frequencies hetween
20 cps and ISO h, rising to 200 m\' at 3 cps and
1.5 :\[c. Peak-to-pell.k volt.a~e requirements for
pulse and sine wave input.s are approximately
equal, except for extremely short pubes. Input
pulse width.c: of the order of a nanosccond may
require as much as 5 volt.c:.
Moximum Input Voltoge: 400-v peak.

Input Impedonce: 100,000 ohms dropping to t\

minimum of 10,000 ohms above 150 kc.

Oiscriminotor Characteristics:

Output Voltage: 15 v de full scale (1.5),
all ranges.

Hesidual fm :'\oise: :\101'0 than 100 db belo\\'
full output (primarily 60 and 120 eps). :\leas
ured with i\- nanow-bancl WiLve analyzer, such
as the TYPI~ 736-1\, residual noise at othcr
frcqucncies is more than 120 db down from
full ouLput.

Linearity: 0.05% of full scale (15 v) +0.05%
of output voltage, below 15 ke. 0.1 % of full
scale (15 v) +0.1. % of output voltage, above
15 kc.

Recorder Output:

Direct: Output current adjustable to drive
rccorders from I-ma (3000 ohms, max) to 5-ma
(200 ohms, max).

Interpolate: Full-scale voltage .64 v behind
4800 ohms.

Tubes: One 6AW8, one 5687, one 6A:\5, thrce
5965, one 6AV5CA, one 5651.

Accessories Supplied: TYPE CAP-22 Power
Cord, sp:\-ro fuses.
Power Supply: 105-125 (or 210-250) volts, 50 to
60 epi'. This inl':trument will also operate at line
frequencies up to 400 cps.

Dimensions: Panel, 12 x 57.( inches (305 x
135 mm); depth behind panel, 107.( inches
(265 mm).
Net Weight: 16 pounds (7.3 kg).

Type Gode WQrn Price

1142_A
480·P-312 IFrequency Meter and Discriminator.....

Ponel Extensions for Reloy Rock (pair).
MAGIC
?n:RIT

$495.00
6.50

U.S. Patent Nos. 2.362.503 and DI87.740.
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The operation of the General Radio
Company is the responsibility of the
IVIanagement Committee, whose mem
bers are the heads of the functional
operating groups of the Company. The
committee form of management, which
has been in operation at General Radio
for well o\'er 20 years, has, we feel,
resulted in better decisions being reached
and a better-run organization than would
be possible for us ,,·ith any other type
of management.

There are, as well, a number of other

operating committees each composed of
those most directly concerned with I he
matters indicated by the committee
titles. Among these are; New PTodilcts

for det,ermining our program of future
dc\·elopments, ill anuJacturing for coor
dinating production activities, Per?5onnel

for administering personnel programs,
Development for engineering department
operations, Sdwduling for determining
production requirernent::i and for price
seLLing, alld Patent for dealing ,,"ith
patent, liccn~c, and trademark mattcr:;.

(Left to righl) Lowrence E. Pexlon. Treosvrer,· Arthur E. Thiessen, Choirmon of the Boord; John D. QuockenbO$,
Secretary; Chorlu T. Burke, Di,ec'or of Planning,. Myron T. Smith, Di,eclor of Soles,. Ivon G. Easton, Vice·
President for Engineering,. Harold M. Wibon, Vice-President for Monvfoc:fvring,. Donold B. Sinclair, fJcecvf;ve
Vice-President and Technical Director,. Chorles C. Carey, President and Choirmon of,he Monogemenf Commi"ee.
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TESTING OF SOLID-STATE DIODES
AT 100 MEGACYCLES

One of the basic measurements re
quired in the manufacture of solid-state
diodes is the determination of the
rectification efficiency. JAN specified
procedures call for a 100-Mc signal to
be fed through the diode into a pre
scribed Re load. The resulting load
voltage is a measure of the rectification
efficiency.

Rheem Semiconductor Corporation,
Mountain View, California, thoroughly
studied various methods of making the
required test and developed an assembly
that permits the testing-sorting process
to be accomplished at a rate approaching
onc component per second. The resulting
system uses a General Radio Type
1215-B Unit Oscillator as the 100-Mc
source, in conjunction with a TYPE

1263-A Amplitude-Regulating Power
Supply. This combination of instru
ments permits a constant voltage ampli
tude to be available at the test terminals
regardless of any load variations due to
individual diode characteristics. The
TYPE 874-VQ Voltmeter Detector and
Typ," 874-VI Voltmeter Indicator are
used to make the initial voltage-level
setting.

A complete test set cornpl'ising these

instruments has been designed by Rhecm
engineers and is shown in operation in
the photograph on the front cover
of this issue.

Another production-test system incor
porating the same types of General
Radio equipment measures the transfer
current ratio (hie) of transistors. This
assembly makes extensive usc of 'TYPE

874 Adaptors, AirLines, and Tees to
111inimize VS\VR. The test jig used is a
modified TyPlO 1607-P102 Grounded
Emitter Transistor IVlount which per
mits bias voltages to be applied to the
transistor. An rf voltmeter indicates the
measured transfer current ratio. As with
the rectification efficiency test, speed of
this production measurement is based
on the rapidity of meter response.

Rheem also performs several tests to
determine diode recovery time. In the
systems concerned, cOlisidcrable usc is
made of TYPE 87-1:: Coaxial Units due
to the ability of the rigid airlines to
maintain steep pulse wave fronts.

Since Rheem makes 100% tests of
their sol id-state devices, the rapid and
reliable methods described have enabled
lower eosts to he assigned to their
quality control program.

TYPE 874_RZO
fLU LINE

TYPE
874.<J~c;

~04l'TOi<

UNIT

TYPE
614_T
m

CONNECTO~

TYPE 274_NO
PATCM co~o

PI02

TYPo
814 _<JNG
AOAPTO~

UNIT

Block diagram of the Rectiflcotian Efficiency Tesler
used by Rheem Semiconductor Corporotion.
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To assist our customers with the
operation of GR precision measuring in
struments, our representatives abroad
arc prepari~g technical publications in
various languages. The latest additions
include an operating manual in French
for the TYPE 1650-A Impedance Bridge.
The manual is to be used in conjunction
with the English-language edition of the
operating instructions for this instrument
and is available from our exclusive
representatives in France, Ets. Radio
phon, 148 Avenue Malakoff, Paris 16,
France.

Condensed operating instructions in
German have been prepared for the
TYPE 1551-B Sound-Level Meter for
separate use or for use in conjunction
with the English-language edition. These
are available from our exclusive rep
resentatives in Gennany, Dr.-lng. G.
Nuesslein, Doernigweg 6, Ettlingen/
Karlsruhe, Germany.

\Ve are sure that these translations,
as well as the Italian, French, Gel'man,
and Spanish abstracts of the regular
Experimenter issues, will be a valuable aid
to General Radio's overseas customers.

NEW NAME FOR ISRAELI REPRESENTATIVE
Eastronics, Ltd., is the ne\y name of the General Radio representative in

Israel, previously Landseas East,ern Corporation. All inquiries in Israel regarding
General Radio products should be addressed to:

EASTRONlCS, LTD.
22 Maze Street, P. O. B. 2S54

Tel Aviv, Israel

GENERAL RADIO INSTRUMENTS WILL BE DISPLAYED
At the following International Exhibitions during the first six months of 1961

Utrecht Industrial Fair - Holland, March 13-22
Exhibited by: Technische Verkoopkantoor Groenpol

Sydney IRE Show - Australia, March 20-25, exhibited by: Instruments Pty., Ltd.

Milan Fair-Italy, April 12-26, exhibited by: Ing. S. & Dr. Guido Belotti

Tokyo International Trade Fair-Japan, April 17-May 7
Exhibited by: Midoriya Electric Co., Ltd.

National Industries Production Show - Toronto, Canada, May 8-12
Exhibited by: General Radio Company

Mesucora 61-Parisr France, May 9-17, exhibited by: Ets. Radiophon

General Radio Company
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A NEW UHF SIGNAL SOURCE
THE TYPE 1361-A UHF OSCILLATOR

Figure 1. Panel view of the Type 1361·A UHF
Oscillator.

-:\1any laboratory and production-line
tests require a compact signal source
which can deliver morc ontput than the
average standard-signal generator, while
not requiring an accurate calibration of
absolute output level. lVIeasul'cments
"'ith the TYPE 874-LBA Slotted Line,
the Type 1602-B UHF Admit,tance
MeteI', the Type 1607-A Transfer
Function and Immittance Bridge, as
"ell as the TYPE 874-MR Mixer Recti
fier in a heterodyne detector system, all
require such a source. There is a demand
for some features not previously avail
able in the popular General Hadio line of

Unit Oscillators, such as a readily re
settable front-panel output control, and
provision for square-wave and pulse
modulation. The TYPE 1361-A UHF
Oscillator has been designed with these
requirements in mind. It provides a 100
milliwatt output in the 450 to 1050 Mc
part of the UHF frequency range.
Typical curves of power output vs. fre
quency are shown in Figure 2.

The usefulness of this oscillator for
many applications is enhanced by its
precision drive with easily repeatable
setting. By means of the TYPE 1750-A
Sweep Drive or the Type 908-R Dial
Drives, the output frequency can be
swept mechanically for oscillographic
display or X- Y recording. External
power supplies are available to maintain
constant amplitude and for amplitude
modulation by sine waves, square waves,
or pulses.

The oscillator design has been closely
coordinated with that of the companion
TYPE 1264-A Modulating Power Supply
(see page 6) which provides CW, square
wave, or pulse-modulated operation.
Square-wave modulation is generally
preferred to sinusoidal modulation be-

,
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Figure 2. Typicol power output
chcuoc:teristic of the Type

1361·A UHF Osc:illotor.
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Figure 3. Pulse-modulation characteristics of the
Type 1361.A UHF Oscillator used with the Type

1264·A Moduloting Power Supply.
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SO-db range. Additional uncalibrated
ranges are provided at the high and low
output ends. The output coupling loop
slides in and out for output adjustment
and can be locked at any point. The out
put tCl'll1inai is the new locking TYPE
87-J- Coaxial Connector which permits
semi-permanent installation of adaptors
to virtually any standard military type
of connector.

The radiated and conducted nelds
have been reduced to a very low value by
complete shielding, together ,,·ith the
use of ferrite-loaded filters and a ceramic
rotor shaft. "

cause incidental frequency modulation
is much less. Pulse-modulation char
acteristics are shown in Figure 3.

Frequency Control

A TYPE 5675 Pencil Tube is used in
the oscillator. Frequency is determined
by a General Radio butterfly circuit (no
sliding coutacts) and is controlled by a
4-inch precision dial calibrated to ± 1%.
The main frequency scale is appl'Oxi
mately logarithmic. A vernier dial on the
slo\y-motion drive carries 100 linear divi
sions, each corresponding to a 0.1%
change in frequency. Each full turn of
the vernior dial corresponds to a num
bered sector on the main dial) so that
settings can be reeorded and repeated in
terms of sector number and \'ernier
divisions.

Output System

The output is adjustable by a \yave
guide-below-cutoff attenuator located on
the front panel. The attenuator is cali
brated in relative attenuation over an

Housing

Considerable attention has been paid
to providing compatible packages, so
that the oscillator can be semi-perma
nently attached to the TYPE 1264-A
"40dulating POIYer Supply to fonn a
single rigid unit. Each instrument is
housed in a rack-bench instrument cab
inet* 7 inches high by 8 inches wide. The
combination or either individual unit
can be readily mounted in a standard
relay rack by means of accessory panel
extensions.

Power Supply and Modulation

For continuous-wave output the TYPE
1201-B Unit Regulated POIYer Supply is
recommended to provide maximum sta
bility; where maximum output IS re
quired, the TYPE 1203-B Unit Po,,"er
Supply can be used.

The Typ" 1216-A Unit I-F Ampliner
will supply adequate power to operate
the oscillator in a heterodyne detector.

vVhen squal'C-wave or pulse modula
tion is required in addition to C\\T opera
tion, the TYPE 1264-A :Modulating
Po,,·er Supply shonld be used.

'" H. C. Littlejohn. "The Cllse of the \\-cll-Designed Instrument." General Radio Experimenter. :H. 3. i\larch. lOGO.
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400-cycle or l-kc sine-,,-uYc modulat
ing "oltage from the TYPB 12U-A C"nit
O~eillator can be superimposed on the dc
plate voltage from any of the above
power supplies by way of a panel jack,
but the incidental frequency modulation
\I'ill be appreciable.

The output amplitude can be held
constant over the frequency range at a
level of approximately 2 vol ts by use of
the Typ.c 1263 Amplitllde-Begulating
Power Supply. This PO\YCI' supply is rec-

MARCH, 1961

Figure 4. Type 1361-A UHF Oscillator relay-rock
mounted with Type 480-P408 Panel Extensions.

omrncnded for S\yccP frequency applica
tions in conjunction with a dial drive
unit.

- G. P. MCCOCCH

SPECIFICATIONS

Frequency

llangc: 450 to 1050 Me.
Cnlibration: T.ogarithmic freqllCncy sC~lle;

vernier dial calibrated in 0.1 % increments.
Accuracy: ± 1%.

Stability: Warm-up frequency drift is 0.290,
max.

A"enualor: Range, 80 db wilh 5-db scale
divisions, relative 3ttenuation. Additional
uncalibrated range is provided.

Power. Supply: Five types of external power
supply are availablc, each designcd for a
particular purpose:

Tube: One 5675, supplied.

Accessories Supplied: CoHxial patch corel.

Other Accessories Avoiloble: Panel Extensions for
rack mOllnt (see helow), Tn·.; 874 Coaxial
Elements to fit output connector, ~\daptors to
military connectors.

Cabinet Dimensions: \ridth 8, height 7%, depth
97;2 inches (205 by 185 by 240 mm.), over-all.

Net Weight: 7 pounds (3.2 kg).

'l'ype

1203_83

1201_83

1263-8

Oscillator
Modulation

Possilll"litie.<;!

Sine \rave

Sine Wave

Sine \rave
1-kc square wave

Sine, pulse, and
square wa\'es

ONeil/alor
Olltpnf2 info

50 ohms

125 mw

100 IllW

20 IllW

100 IllW

Remarks

Gives maximum rf output

Gives maximum frequency stahility

Holds os('ilbtor output consb\nt
with frequclH':'·

Power levcl gi\'cn i~ for C\\· opcr~ltion

Sine \rave Adequate for hetcrodyning

I Sinc.w:l\·c modulation dCIHh is 30% with 40 \"olt" into 6000 ohms. T,·.'j,; 1214_.-\ l~nit Oscilhltor ig recommended.
:.-\ t lellst as great as statcd.
a ""ill Opt'rate from 400-cycle linc.

Type

1361·A
480-P408
480·P416

UHF Osdllolor.
Panel Extensions (For oscillator only).
Panel Extensions (For oscillotor and Type 1263-8

or Type \264-A Power Supply).

Code Word

Ol.IVE
EXPANELJAG

EXPANEL:\,IT

Pri('('

$285.00
8.00

6.00
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THE TYPE 1264-A
MODULATING POWER SUPPLY

SQUARE-WAVE AND PULSE MODULATION FOR
HIGH-FREQUENCY OSCILLATORS

•

Amplitude modulation of signal
sources such as the TYPE 1361-A UHF
Oscillator and the ,"arious lJnitOscillators
is frequently required, either to simulate
the modulation employed in navigation
01' communication systems, or to permit
audio amplification of the detected sig
Ilal in bridge or slotted-line measure
ments. At frequencies in the VHF and
UHF region, pulse or square-wayc
modulation is usually employed in pref
C1'cnce to sinusoidal modulation} largely
because of the difficulty in obtaining
amplitude modulation which is linear
and frcc from incidental frequency
modulation.

The TYPE 1264-A Modulating Power
Supply produccs 100% pulse 01' square
\yave amplitude modulation of high
fl'cfluency oscillat.ors as well as permit
tint.?; continuou~H"a"e operation. "\Vhile
deHigned especially as a companion to
the new TYPE 13G] -A UHF Oscillator,
this power supply can also be used with
the General Radio Cnit Oscillators,
TYPES 1215-B (50-250 Cllc), 1209-B
(250-920 Cl1e) , 1209-BL (180-GOO Cllc),
and 12J8-A (900-2000 Mc).

This power supply (sec block diagram,
Figure 2) compl'ises an electronically
regulated, adjustable-output, high-\-olt
age, dc supply, a dc-coupled pO\\"er mod
ulator of the series type dri\'en by a
Schmitt trigger circuit, and al-kc multi
yibrator. A function selector switch per
mits the operator to turn power on, and
"Cleet OW, stand-by (heaters only en
ergized), l-kc square wa\'c (internally
gcncmtcd), or external modulation. 1n-

Figure 1. Panel view of the Type 1264·A Modulal.
ing Power Supply.

dependent front panel controls vary the
regula teel supply voltage for OW opera
tion and the modulator output-pulse
amplitudc. Controls al'c also provided to
adjust the frequency of the internal 1-kc
multi\'ibratol', and the duty ratio of the
square wave which it produces.

The modulator stage provides a nega
tive pulsc \\-hich is applied to the oscil
lator cathodc. Sincc thcl'e is no dc output,
in thc quicscent condition between
pulses. the oscillator is completely cut
off and modulation is a full 100%. The
modulator has high pcak current capa
bility in ol'der to charge and discharge
mpidly the RF filter eapacitanees used
to control leakage in the associated oscil
lator. Rise and decay times of less than
1.5 JJf'CC arc obtained when feeding the
300-pf shunt capacitance of the filtering
employed in the TYPE 13G1-A Oscillator.
Inasmuch as these are comparable to the
inherent :o;tfll'ting and delay characteris
tics of the o::;cill~ltor itself, further im-
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NEGATIVE PULSE
OR SQUARE WAVE
TO OSCILLATOR CATHODE-

L------1~--- .. DC FOR
CW OPERATIOtII

H,
ULTIVIBRATORr---E---j

ADJUSTABLE
1l~/230V -I~--j REGULATED r--?o~---t

POWER POWER SUPPLY
INPUT

EXTERNAL J
MODULATION -~~----------

INPUT

Figure 2. Block diagram of the Type 1264.A Modulating Power Supply.

pro,"emcnt, of the modulnt'or ddeo
characteristics cannot be justified. Pulse
\yidths from 1.5 .usee to square wa,"es are
obtainable with external modulation
input. O,·ershoot of the leading edge of
the "ideo pulse is less than 5%, there is
no droop, and the output amplitude is
independent of pulse \yidth and rate.

The input trigger circuit \,"ill accept
single or rnultiple positi,"c pulses or
square ,,"aves at rates up to 100 kc. or
sine wa,"es up to 50 kc, from all." source

of 20-yolt amplitude such as a TYPE

1217-.\ Cnit Pulser or TYPE 1210-C
Cnit HC Oscillator. '\0 adjustment of
triggcring is necessary" 'The built-in
stable I-kc multi vibrator of adjustable
rate (± 15%) and duty cycle provides
iden,l ~qllnre-wave modulation fo!" usc
with ~hHrp]~r selecth"c amplifiers follow
ing the :-:.ignal detector.

In the de~ign of the TYPE 126.t-A
~Iodlilating PO'ycr Supply, sm"eral prob
lems of compatibility \\"ere cOll~idcred" It

Figure 3. The Type'
1264-A Modulating
Power Supply is shown
(above) relay_ra(k
mounted with the Type
1361·A UHF Oui1lator
and (below) used on a
laboratory ben(h with
the Type 1218-A Unit

Osdllator.
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was desirable that it be usable with
existing Unit Oscillators as well as the
new TYPE 1361-A UHF Oscillator. It
was also desirable that the TYPE 1361-A
UHF Oscillator be usable wit,h other
existing power supplies. The nearly uni
versal solut,ion adopted works \,jth B+
or B - grounded in the oscillator. and re
quires only that the cathode be available

for pulsing. To use the TYPE 1264-A
with previously existing Unit Oscillators,
an accessory adaptor cable is req uired.

The rack-bench instrument cabinet, 7
inches high by 8 inches wide, is identical
to that employed in the TYPE 1361-A
UHF Oscillator. The two may be semi
permanently attached for bench or
relay-rack mounting.

- (i. P. :\fCCOUCH

SPECIFICATIONS

Output

Regulated de (unmodulatcd): Adjustable
200 to 300 v, 50 rna.

Heater Power: 6.3 v ae, 2.1 amps.
Square Waves (internally generated): 850 to

1150 cps, 160 to 210 v (appro.'..:.).
Pulses (externally generated): 1.5 1Jsec to

square waves, risc and decay times less than
1.5 jJ.sec each, amplitude lfiO to 210 v (approx.),
ovcrshoot less than 5%, no ramp off.

Inputs

Power Input: 105 to 125 (or 210 to 250)
\"olts, 50 to 1000 cps, 85 watts.

External Drivcr: 20 to 50 volt's pcak positive
pulse, or rms sinusoidal; 20 to 100,000 pps for

pulses, 20 to 50,000 cps for sine waves.

Accessories Avoiloble: TYPE; l264-Pl Adaptor
Cable, used to connect TYPE 1264-A to TYPE
1209-13, TYPE 1209-BL, or TYl'g 1215-13 [nit
Oscillators. TYPE 12(j4-P2 Adaptor Cable, used
to connect TYPE 1264-.'\ to TYPE 1218-A Unit
Oscillator. One pair of TYPE 480-P408 Panel
Ext.ensions is required for individual relay rack
mounting, or one pair of TYPE 480-P416 Panel
Extensions for use with the TYPFl 1361-A UHF
Oscillator.

Dimensions: \Vidth 8, )leight 7%, depth 9.!/z
inches (205 by 195 by 245 mm.), ovcr-all.

Net Weight: 12 lb (5.5 kg).

Type Code Word Price

1264-A
1264-P1

1264-P2
480-P408

Modulating Power Supply.
Adaptor Cable for Types 1209-B, 1209-Bl, and

1215-B.
Adaptor Cable for Type 1218·A.
Panel Extension (For power supply only).

MODeL

MODULC....BJ.E

MODULADAPT

EXPA.'i"E:LJAG

$285.00

15.00
8.50
8.00

ISRAELI REPRESENTATIVES
In the Ja.nu:lI'y-February issue of the

Expcrimcnter, \\"c announced the new
name, Eastronics, Ltd., for our repre
sentative in Israel. vVe neglected to

mention that out' rcpresentati\·e jn the
United States for Israel is the associate
orga.nization:

LANDSEAS PRODUCTS CORPORATION

48 West Forty-Eighth Street

New York 36, New York

General Radio Company
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THE NEW GR FREQUENCY STANDARD

Like voltage, current, and impedance,
frequency is a factor in most electrical
measurements. It enters directly into
ae measurements, and indirectly into de
measurements, appearing most often
as its reciprocal, time. Since time is
reciprocally related to frequency, a good
frequency standard can become a good
time standard for time measurements.
In view of the necessity for somc sort of
frequency standard for even a lOOO-cycle
impedance measurement, it has become
almost routine for an electrical measure
ment laboratory to possess a stable
frequency standard which can be
checked against standard-frequency or
standard-time signals from appropri
ate sources.

It would be a mistake to consider that
a Hfrequency standard" consisted solely
of an extremely stable oscillator. Fre
quency dividers and multipliers are
necessary to make the frequency stand
ard useful over the range of frequencies
covered by electrical measurement tech
niques, and to permit calibration of the
frequency in terms of recognized inter
national standards. The provision of

standard output signals over the range
from low audio to microwave frequencies
insures maximum usefulness for applica
tions ranging from heterodyne-system
frequency measurements to service as
time-base reference in digital counters
for fl'equency and time-interval meas
urements.

The frequency standard described in
this article makes available, in various
combinations, equipment to produce
fundamental frequencies from 60 cps
to 1000 Me. It includes completely new
instruments for generating the standard
frequency, for deriving the desired low
frequency sub-multiples, and for de
veloping harmonic-rich outputs. An
improved Syncronometer* integrates the
lOOO-cycie output to permit time com
parisons with standard-time transmis
sions, and the TYPE 1112-A and TYPE
1112-B Standard-Frequency Multi
pliers! provide high-frequency output up
to thousands of megacycles. These
several instruments can be used individ-

"rmdemark pending.
IFrllnk D. Lewis. "New Standard_Frequency Multi.
plien>." General RadiQ Experimenter. Vol. 32. No. 14.
July. 1958.

.'

Figure 1. Frequency of Type 1113·A Standard-Frequency Oscillator compored with IS.O-kc stondord·
frequency tronsmissions of NBA over 0 six.month period. The overage daily drift ot the end of this
period is 1.2 x 10-1°. The NBA transmitter is maintained on frequency by comparison with a cesium beam.
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Figure 2. Intercomparison of frequencies of Iwo Type 1113·A Standard-Frequency Oscillators. The

shorl-term frequency instobility of one oscillator alone is less than this combined instability by 1: v'2:
The left-hand plot shows frequency variations averaged over l-second sampling periods; the right_

hand plot shows frequency variations averaged over O.l-second periods.

ually or in various combinations to meet
specific needs. They arc designed to co
operate with the General Radio '"!"YPE

l105-B Frequency Measuring Equip
ment as well as with counter-type fre
quency-measuring systems.

New techniques, circuits, and com
ponents have been used wherever ap
plicable, consistent with conservative
design. Practical compromises have been
sought throughout to provide perform
ance commensurate with the present
state of the art at prices in keeping with
equipment for everyday use. Thus, in
accord with General Radio practice, the
instruments are designed to be rugged,
accurate, and dependable for ordinary
environments but not (with the consider
able added cost necessary) to cope with
the stringent requirements of the mili
tary services for extreme environmental
conditions.

The TYPE 1120-AH 1000-Mc Fre
quency Standard illustrated in Figure 1
comprises the TYPE 1113-A Standard-

Frequency Oscillator, the TYPE llH-A
Frequency Divider, the TVPE ll03-B
Syncl'Onometer, and the TVPES 1112-A
and 11l2-B Standard-Frequency Multi
pliers. Used in conj unction with the
TVPE l105-B Frequency Measuring
Equipment and the new TYPE 1130-A
Digital Time and Frequency IVleterZ this
yields a comprehensive line of integrated
frequency-measuring equipment.

THE TYPE 1113-A
STANDARD-FREQUENCY OSCILLATOR

The heart of the assembly is, of course,
the standard-frequency generator. The
General Radio TYPE 110l-B Piezo
Electric Oscillator, last of a long lioe3 of
distinguished predecessors, added its
own contribution to the excellent reputa
tion of General Radio frequency stand
ards for dependability in the ficld. To
day's requirements, however, demand
considerably better stability.
~To be announced next month.
~Jaflles K. Clapp. "A New Frequency Standard," General
Hadio B:.clJerimenter. Vol. 3, No. 11. April, 1!)2!).

Figure 3. Schematic of equipment used to obtain the data plotted in Figure 2. Two oscillators are com~

pared at 1000 Mc. The difference frequency fD is made 1 cps for a l~second sample or 10 cps for a
O.l·second sample. The output from the mixer, about SOO-mv peak.to-peak, is amplifled to SO volls
peak-to~peak. A low-pass fllter eliminates the small amount of 60-cycle and 120~cycle components
introduced by the multipliers. Its cut-off frequency is 15 cps, with better than 40 db attenuation at 60 cps.
The period of the difference frequency fD is measured with Ihe Type 1130-A Digital Time and Frequency
Meter and its output l'Onverted into analog form by the Type 1134.A Digital-to-Analog Converter. The
output is plotted by a Type 1521.A Recorder. This recorder has a bandwidth of 10 cps which permits the

measurement of stability for O.l-second samples.
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The new TYPE 11l3-A Standard
Frequency Oscillator, which replaces it,
uses the Gouriet-Clapp circuit4, instead
of a modified Meacham bridge, and re
places the second-harmonic extensional
mode quartz bar,5 operating at 100 kc,
with a contoured AT-cut quartz plate,
operating at 5 lVIc. This plate, developed
by a group at the Bell Telephone Labora
tOl'ies6under a Signal Corps contract, has
a storage factor, Q, in the range of 2 to 3
X lOG, which makes possible a high degree
of decoupling between the frequeney
control element and its maintaining cir
cuit. This, in turn, minimizes short-term
frequency variations. Care in processing,
with particular attention to avoiding
contamination,7 minimizes long-term
drift. Over-all stabilit.y is t.herefore ex
cellent, as shown in Figures 1 and 2.

Figure 4 is a schematic of the oscilla
tor, showing the frequency-control sys
tem and the delayed AGC, which main
tains the drive power to t,he crystal at
approximately 0.5 x 10-6 watts, a level
carefully chosen to be large enough to be

'James K. Clapp, "A Broadcast Frequency "'Ionitor for
the 20 Cyde Rule," General Radio Experimenter, Vol. 14,
No.8, January 11)40.

E. P. Felch and J. O. Israel, "A SilIlple Circuit for
Frequency Standards Employing Overtone Crystftls,"
Proc. IRE, Vol. 4:), No.5, pp. 590-603, May, 1955.

F. D.l...cwis, "Frequency and Time Standards," Proc.
IR E, Vol. 43, No. 0, p. 1055 and Appendix: pp. 1061>-1008,
September, 1055.

l.Taffies K. Clapp, "On the Equivalent Circuit and Per_
formanee of Plated Quartz Bars," General Hudio Experi
menter, No. 10-11. Vol. 22, l\Iareh_April, Hl48.

'A. \V. \Varner, "High_Frequency Crystal Units for
Primary Frequency Standards," Froc. 1 UB, Vol. 40,
No. 0, pp. 1030-1033, September, 1052.

'1 A. 'Yo \Yarner, "Frequency Aging of High-Frequency
Plated Crystal Units," Proc. IRE, Vol. 43, No.7, pp.
7()O-702, July, 1955.
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"out of the noise" for short-term fluctua
tions but small enough so that aging and
variations of frcquency with drive level,
which become significant at high powers,
are minimal. Premium quality, long-life
tubes are used for oscillator and ampli
fiers to assure reliability and to increase
the time between tube replacements. To
minimize effects of cathode-interface
impedance8 the oscillator tube is op
erated at relatively low transconduc
tance and at reduced heater temperature.
Filtered dc heater voltage minimizes
GO-cycle frequency modulation, and well
regulat.ed heat.el' and plate supplies make
the operation of the instrument sub
stantially independent of line voltage.
Ae and de feedback in t.he AGC ampli
fier system keeps the crystal drive level
within 10% for 2:1 change in transcon
ductancc of the tubcs,

The temperature-control for the
quartz plate is a two-stage system based
upon the vacuum-bottle oven that has
given excellent reliability over the years
in the TYPE 1184-A-A Television Trans
mitter Monitor. 9 I'he temperature of this
oven is determined by a mercury ther
mostat, which provides an on-off signal
to the grid of a thyratron that controls
directly the low-power oven heater.
Cyclical temperature changes arising
from this on-off heating system have

SC, T. Kahn, "The Effect of a Cathode Imped:mceonthe
Frequency Stability of Linear Oscjl\ators," Proc. IRE,
Vol. 48, pp. 80-88, January, 1900.
~C. A. Cady, "New Telcvision Transmittcr "lIIonitor,"
General Radio Experimenter, Vol. 31, No.4, September,
1956.

~ ~Mc OUTPUT

5Mc TO 1112-1;

'-----------'~,-,--------__Lt_'_.,.",.,-, ---,t--,
RECTIFIER

Figure 4, Block schematic of the Type 1113·A Standard-Frequency Oscillator,
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Figure 6. Interior view of the standard-frequency
oscillator. Note that all parts are easily accessible.
The crystal oven is at the left. The amplifier tubes
and other circuit elements are mounted on a Fiber
glas etched board in a cast frame. At the rear is a
cooling fan with thermal cui-off, which turns off

the power if the fan fails.

heen reduced to the order of O.OOl°C at
the quartz plate, and a resultant fre
quency cycling of less than 10-10. A fan
is used to equalize the temperature in
the cabinet in order to keep the instru
ment components cool and to provide a

suitable ambient for the outer stage of
the temperature-control system. 'l'he
outer stage, itself, makes it necessary for
the inner stage to cope with only a small
temperature range. 'I'he combination
maintains at least a 1500:1 control ratio
over an ambient temperature range of
0° to 50°C.

To provide maximum protection
against changes in ambient temperature,
the oscillator-circuit components that
enter into the establishment of frequency
are all moun ted in the oven wi th the
quartz plate. The coarse frequency ad
justment, which covers a range of adjust
ment of about 5 x 10-7, is included among
these components, and is provided with
an ingenious drive mechanism that
minimizes heat-leakage problems while
assuring precise settability. 'The fine fre
quency adjustment, however, covers an
adjustment range of only ±5 x 10-9

and is not sensitive enough to ambient
changes to warrant temperature control.
It is individually calibrated to be direct
reading, with divisions provided at inter-

Figure S. View of Type 1113-A Standard-Frequency Oscillator control panel. The front panel is held in
pleJce with two catches, and is easily removed for adjustment of controls or observation of oven per
formance. The meter can be switched to perform anyone of several functions, as a diagnostic device.
The coarse and fine frequency controls cover a total range of adjustment of 5 x 10-7 yet permit setting
to 10-1°. The fine control is direct-reading, with divisions spaced at intervals of 5 x 10-1°.
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Figure 7. Front view
of the Frequency
Divider with panel

removed.

vals of 5 X 10-10 and is settable to to-IO

Fot' operational checks, a fiyc-point
meter circuit is included. The metol'
eheeks oscillator bias, rf output. plate
current, inner-oven tCinperaturc, and
outer-oven temperature.

TYPE 1114-A FREQUENCY DIVIDER

The Frequeney Divider produces from
the 5-:=\10 standard signal a series of out
put frequencies with fundamentals of
1 Mc, 100 kc, 10 kc, 1 kc, and 100 cps.
Additional plug-in units are available to
furnish outputs at 400 cps and 60 cps.
These output frequeneies are essentially
sine waves. For those applications
where harmonic series are needed, the
TYPE 1l08-B Coupling Panel lO provides
a harmonie-rich output. One of the
important considerations in the design
WScc Type 1105·13 I'TcQuency-:'IlCU8uring EQuilHncnt,
page 12,

of a frequency standard is that it lIfaii
safe," that is, that there be no possi
bility that either the output frequencies
or the indicated time be in error as a
result of failure of the standard-f1'e
queney signal. There are t\\"o fail-safe
conditions in the TYPE Ll20-Frequency
Standards. First, the synchronous clock
will fall out of synchronism and not
restart if the driving signal fails or
changes frequency momentarily; and,
second, the frequency dividers have no
output in the absence of an input signal.

The dividers, however, are designed
to restart ,,-hen the input signal reap
pears_ T'hus no valuable data are lost in
such applications as automatic fre
quency-comparison systems in the e,-cnt
of temporary power failure, while the
clock stoppage indicates that the timing
sequence has been interrupted.

Figures 7 and 8 show the mechanical

.. ..• • :(1 Figure 8. Rear
view of the di-
vider with plug-
in units installed •

• ~ •• • • .. -• •• • •• .. • , ..
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construction of the divider. The front
pa.nel can be removed to make test
points easily accessible from the front
of the relay rack. Plug-in units for the
desired output frequencies are inserted
from the rear (Figure 8). A typical
plug-in unit is showl1 in Figure 9.
T'ransistors arc used throughout for
reliability, small size, and low-power
consumption. Figure 10 is a block dia
gram of the di,·ider. The 5:1-Me di"ider
is regencl'atiYc, while the lower-fI'c
queney dividers are of the switching
type.

The regenerative Pl-unit di"ides the
original 5-1\11c frequency (or, optionally,
2.5 :-1e) to 1 :-1e. Each of the follO\\'ing
units (P2 to P5) divides by 10. The
optional 400-eyele unit selects the
second harmonic of a 200-cycle signal,
and the optional 60-cycle unit divides
200 by 10 and selects the third harmonic
of the 20-cycle signal.

The 5:1-Me regenerative divider is
shown in elementary forl11 in Figure II.
To explain its operation, let us assume
the presence of a small I-Me voltage in
the I-Me circuit. This is multiplied to
4-Me, which is fed back to the mixer
and heterodyned with the 5-Mc input,
increasing the l-:VIc output.

This regenerati ve process produces a
1-1\11c sine wave. The operating condi
tions of the circuit are set to obtain

Figure 9. View of a typical plug-in unit.

limiting on a few tenths of a volt input,
and the output is essentially constant
o\-er 5:1 driYc range. For 2.5-~1c input
the mixer generates the 5 1\1c second
harmonic and works as described above,
dividing effect i,'c1y by 2/5.

The lower frequency dividers are of
the "switching" type. Figure 12 is a
block diagram. The input signal, a
square wave, is differentiated. The
trigger generator is an am pli fier gener
ating short, positive trigger pulses. They
are used to drive a monostable multivi
brator (one-shot). The time constant of
this cil'cuit is chosen to reset at every
fifth trigger pulse. Hence, one output
pulse is generated for every 5 input
pulses. The next stage is a bistable multi
vibrator (flip-flop). The square wave
from this flip-flop is one tenth of the
input frequency. A narrow-band filter
selects the fundamental component

ORIVING FREOUENCY

'",

'", ---'1'-,
100 ke ---1'-1'0

PUlSE
SHAPER

lOOke IOke ", tOOCPI 400Cp. 6Ocp,I

! I... '-_. ....1._,
1'5 __~ P6 : : P7 :

, ,- __ .J L_r.J
L. 3£Q.eRL __~

Figure 10. Block
diagram of the
Frequency

Divider.
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",.PV,'__''-'_-(8.'X'RI-_O:';;'=-1~~~ '0. 1~· :.VWPUER1

(N-li "0

'" ~ Fj-(N-IlFo
F. #5., N

Figure 11. Element(lry schematic of Ihe 5:1 re
generotive divider.

which IS available at the output ter
minal.

The choice of a regenerative divider
from 5 Mc to 1 Mc and switching
dividers for the lower frequencies was
dictated by two considerations: The use
of a regenerative divider above 1 Me is
more eeonomical, \'/hile below 1 Me
switching dividers have better phase
stability. An important objective of this
design has been to obtain high-phase
stability so that the output signals can
be used for the generation of high-order
harmonic spectra with a minimum of
phase modulation. For such applica
tions, square-wave outputs are provided
at 100 kc and 10 kc in addi tion to the
sine-wave outputs.

The phase stability of a divider may
be expressed in two ways: either in
degrees phase angle of the output, or in
terms of absolute time variation (jitter).
In a regenerative divider, the slope of
the signal voltage decreases by an order
of magnitude for each division by 10.
Assuming constant circuit-noise level,
the phase-angle jitter will be invariant.
This means that the time jitter in ab
solute units increases by one order of

magnitude for each decade of division.
Switching dividers on the other hand
may be assumed to have constant rise
time regardless of fundamental fre
quency so that the time jitter remains
invariant. This means that the phase
noise is reduced by an order of magni
tude for each 10:1 division. Given an
over-all division ratio of 1000, say from
1 Me to 1 kc, and assuming that for
each stage a switching divider con
tributed 1 nsec, then we will have a total
of 3 nsec time jitter at the 1-kc output.
If a regenerative divider operating over
the same range starts with a 1-Mc slope
equal to that of the switching divider,
then the I-Me to 100-kc stage will
contribute 1 nsee as in the pulse system
described above. From 100 kc to 10 kc
the slope of the sinusoidal waveform
has decreased by 10:1, hence, the jitter
will be 11 nsec, and at 1-kc output, the
jitter will be ill nsec. This is 30 times
more than the switching divider.

While this hypothetical example is
for illustrative purposes only, measure
ments have shown similar relationship
between the jitter of such circuits. A
typical figure for the circuits of the
TYPE 1114-A is an average of .05 nsec
of jitter per decade. The measurement
was made with a sampling oscilloscope
measuring the total jitter of the 100-c
output with respect to the 5-Me input.

THE TYPE 1103-8 SYNCRONOMETER

The reciprocal relationship between
frequency and time has been of prime
importance from the earliest days of

f- F, ~

10

5:/ 2:/

_-----1TRIGG£R ONE
-. GEN SHOT FLiP-FLOPf----.1

..LLL J1...IUL J1..f"L c..:.:='--J
o F, ~

'5 10

Figure 12. Block diagr(lm of the switching divider.
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frequency standards. Time is a funda
mental dimension in our physical de
scriptions of things, and the need for
more and more accurate measurements
of time has steadily increased over the
years. A frequency standard, which
generates a series of events at a \'ery
constant rate, can be considered as a
linear interpolator between measured
times that mark the beginning and end
of time intervals. 1"0 perform this func
tion it is necessary that the e\-ents be
counted over the interval, and this
counting can be nicely done by a syn
chronous clock.

The events counted are ultimately
displayed by the clock as turns of a
shaft, or, in finer detail, by the angle of
the shaft. A clock designed to run from a
frequency standard should therefore run
smoothly, at a very constant angular
velocity, so that its shaft angle bears a
constant relationship to the electrical
angle of the sinusoidal driving signal,
and it should be provided with a mech
anism for accurately determining the
shaft angle at any desired point in time.

'l'ho General Radio Syncronometcrs ll

have, over the years, met these require
ments admirably, as attested by their

use throughout the world. They are
based, primarily, upon a WOO-cycle syn
chronous motor having a IOO-tooth rotor
fabrieated from high-grade silicon-steel
laminations. Two dri\ring coils, op
positely disposed \\'ith respect to the
rotor shaft, carry the WOO-cycle dri\-ing
signal superimposed upon a dc biasing
current. Pulses of torque are therefore
exerted upon the teeth at a lOOO-cycie
rate as they pass the pole pieces, and the
rotor shaft turns at 10 revolutions per
second. "-rhe rotor itself carries a circular
well, coaxial with the shaft. which con
tains radial baffles and which is partially
filled with mercury. The mercury, in this
configuration, does double duty in serv
ing as a heavy mass Lo produce flywheel
action and as a damping agent to mini
mize hunting.

The rotor shaft, which is vertical
when the instrument is in its normal op
erating position, drives a horizontal shaft
at 1 revolution per second through the
combination of a worm and gear. This
shaft, in turn, drives the clock mecha
nism through another right-angle worm-

W'The Type 411 SynchronOllS l\1otor," General RadiQ
E:merime ...ter. \'01. 1, £'0. I!. l\lay. 1927.

H. S. \\'ilkins, "Synchronous :\Iotor-Dri\'en Clocks."
Gelle-ml Hadio E'xperimenter. \'01. 5, No.5. October, 1930.

Figure 13. Type 1103-8 Syncronometer. The new 24.hour dial face is eosier to read thon the old. The
micradiol ond secand·hond shafts are accessible through the porls to the right ond left of the clock face,
respectively, and con be set with 0 cronk. The Type 1103-8 is completely self-contoined, with its own

power supply, ond con be driven from ony one-volt 1000-cycle source.
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Figure 14. Successive Iraces, ot 2-second intervols,
of lOOO-cycie signals terminated by closure of the
contactor in the Type 1103-8 Syncronometer. For
comparisons with Slandcud-lime signals the Type
1109-8 Comparison Oscilloscope is recommended.

and-gear combination, which reduces the
speed to 2 revolutions per minute. The
second hand of the clock is driven from
this shaft through a 2:1 differential gear,
which makes possible continuolls adjust
ment of the second-hand position with
out affecting the operation of the clock
motor in any way. The minute-hand and
hour-hand shafts are positively dTiven
by the second-hand shaft, so that their
relative positions remain concet when
adjustments are made. 'l'he hands them
selves, however, are driven through slip
clutches so that they can be individually
set, when desired.

The one-revolution-per-second shaft
also drives the contactor that is used to
determine the value of the shaft angle
at a given moment in time. The COil-
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tactor is mounted on a disc, whose plane
is normal to the shaft, on a bearing that
is accurately coaxial with the shaft. The
contactor is actuated by a cam on the
shaft, and the angular position of the
disc is adjustable from the front panel
through a worm-and-wheel drive. A
mechanical counter, driven from the
adjusting shaft, pl'Ovides an in-ljne
digita.I rcadout that is direct reading in
milliseconds and that can be read to 0.1
millisecond on an interpolating scale
having marks at O.2-millisecond inter
vals. This choice of scale makes the
resolution compatible with the uncer
tainLy in pulse-starting time that arises
from propagation anomalies for time
signals received over radio paths. This
uncertainty, which may be as little as 2
microseconds for ground-wave reception,
is generally about 0.1 millisecond for
sky-wave reception. 12

I?H. F. HasiinJ{S, "Prpcision Frcqucncy Control and
.\'1illisccond Timing,"' Beport of NRL Progrcss. p. IS,
Augusc 1900.

"

-0.1 foOJ

CLOSI~G TIME DEVIATION IMILLISECONOSI

Figure 15. Histogram showing the random nature
of variations in closure lime of the contoctor in the
Type 1103-8 Syncronometer. The overage devia
tion is less than the overage uncertainty in sky-

wave reception of time signals.
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The TYPE 1l03-B Syncronometer,
shown in Figure 13, is improved over its
predecessor in several respects. From an
operating standpoint, however, the most
important are, undoubtedly, the me
chanical features discussed above, which
make possible more convenient use with
an improvement in accuracy of 10:1. An
important ingredient in the mechanical
system is the contactor, which follo"'s
the general design of a contactor worked
out by I-I. F. Hastings of the Naval Re
search Laboratory. This contactor
mechanism has a very long service life
because wear is distributed over a large
area, and an accuracy of closure of ap
proximately ±50 to ±80 ~sec, without
"bounce." Figure 14 shows typical per
formance for signal display and Figure 15
is a histogram of closing times. I3 The
ruggedness of a simple mechanism, re
fined by improvements based on experi
ence, provides a reliability of operation
and ease of maintenance seldom ap
proached by more complex systems in
corporating combinations of electrical,
optical, and mechanical techniques.
Proven operating features include the
ability to take a time-of-arrival reading
without disturbance of the indicated
time on the clock, and provision for
starting the lOOO-cycle synchronous
motor from the front paneL

TYPE 1105-B
FREQUENCY-MEASURING EQUIPMENT

n1easurements of unknown frequen
cies in terms of a locally generated
standard frequency are being made more
and more with digital counting equip
ment, and the TYPE 1113-A Standard-

liThe clo~ing time is used for reference because of its in
herently greater reliability. For a description of use of
the Syncrotlometer sec: F. D. Lewis, "Standard Time
Signals." General Radio Experimenter, Vol. 32, No. 13,
June, 11')58.
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Frequency Oscillator and the TYPE
1130-A Digital Time and Frequency
n1eter have been designed to combine
the high accuracy and stability of a
frequency standard with the high reso
lution and convenience of a counter.

There are, however, limitations to
counters that make imperative the use
of other types of measuring instrument.
In particular, the counter is inherently
a broad-band device, wide open to noise
and unable to distinguish between a
wanted zero-crossing and an unwanted
spike. vVhen measurements of frequency
must be made in the presence of noise
there is t,herefore a need for devices that
make this discrimination. The human
ear is excellent for this purpose, and the
radio receiver, with human operator, has
found considerable use over the years.

The TYPE 1l05-B Frcquency-:\1eas
uring Equipment comprises, basically,
three regenerative radio receivers] or
tuned detectors, covering the frequency
range from 100 kc to 100 Me, combined
with three high-stability heterodyne
frequency-meter oscillators covering the
fundamental frequency ranges 100-200
kc, 1-2 Mc, and 10-20 Nrc. The tuned de
tectors can be operated either oscillating]
for initial pickup of the unknown signal]
or non-oscillating for detection of the
difference frequeney between the un
known signal and a standard-frequency
signal. This standard-frequeney signal
can be either a harmonic of the hetero
dyne-frequency meter] used to locate the
frequency within ±0.1%, or a lO-kc
harmonic of the TYPE 1114-A Frequency
Divider, used to make the final precise
measurement. The final measurement
can be made by comparison of the differ
ence frequency with that of the TYPE
ll07-A Interpolation Oscillator. The
resolution and stability of this instru-
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ment are adequate to provide a precision'
of compadson of ±O.5 cps, and accu
racy corresponding can be assured by
comparison of the output of the Inter
polation Oscillator with thc 100-cps
output of the TYPE 1114-A Frequency
Divider to locate high-accuracy points
on the dial. By adjusting the zero of the
beat-frequency oscillator used in the
Interpolation Oscillator, one can set the
dial to read exactly at such points,
thereby making the accuracy equal to
the resolution. The fractional accuracy
then becomes ±5 parts in 106 for a
frequency of 100 kc, increasing to ±5
parts in 109 for a frequency of 100 Mc.

The performance of the TYPE 1105-B
Frequency-Measuring Equipment great
ly exceeds that of its predecessor at the
high-frequency end of its measuring
range because the lO-kc and 100-kc
harmonics are much stronger. The
TYPE 1114-A Frequency Divider does
not, in itself, produce a ,vide range of
harmonic frequencies. Avalanche-tran
sistor harmonic generators have therefore
becn incorporated in the TYPE 1108-B
Coupling Panel to perform this special
ized function. This approach produces
strong, solid harmonic "picket fences"
through and beyond the rangc of the
TYPE 1105-B.

The signal produced by the difference
frequency between one of these pickets
and the unknown frequency is entirely
adequate to drive a counter if the un
known signal is greater than about
lOOMV and "out of the noise." For
measurements of this kind a counter
can thcrefore be substituted for the
TYPE l107-A Interpolation Oscillator.
For general "of'f-the-air" measurements,
hmvever, the discrimination that can
bc provided by thc oscilloscope com
parison with the Interpolation Oscillator
is in many cases vital.
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Figure 16. Ponel view of the Type 1116_A Emer
gency Power Supply.

TYPE 1116-A
EMERGENCY POWER SUPPLY

An emergency power supply unit is
available to maintain continuous opera
tion of a freq uency standard comprising
an oscillator, frequency-divider, and
clock unit. The Type 1116-A Emergency
Power Supply furnishes ac power from
storage batteries, the switch-over being
accomplished autornatically upon failure
of the main ac supply. The transition to
battery supply occurs without interrup
tion of the continuous operation of the
oscillator and timing system, so that
calibration procedure involving time
integration can be fully relied upon.

While the design of the TYPE 1113-A
Standard-Frequency Oscillator prevents
the possibility of permanent damage in
the event of power failure, a period of
hours or even days may be necessary for
the standard to recover equilibrium after
a temporary unsettlement caused by
pmver failure.

The emergency power supply is, there
fore, a recommended accessory for the
frequency standard.

-R. W. FRANK

- F. D. LEWIS

- H. P. STRATEMEYEll

Note
The design of the various instruments

making up the completc frequency
standard and measuring equipment has
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called upon the talents of many General
Radio engineers. The early concept and
construction of the TYPE Ill3-A Stand
ard-Frequency Oscillator was worked
out by C. A. Cady; the final engineering
development was the responsibility of
H. P. Stratemeyer, who was also com
pletely responsible for the development
and design of the TyPe ll14-A Fre
quency Divider. The development of the
TYPE 1112 Frequency Multipliers, which

was started by J. K. Clapp, was com
pleted by F. D. Lewis, who, with R. A.
IVlortenson, was also responsible for the
modifications to the TYPE ll03-B Syn
cronometer. The avalanche transistor
harmonic generators for the TYPE l108-B
Coupling Panel were designed by J. K.
Skilling. The over-all program was
under the supervision of R. W. Frank.

-EDITOR

SPECIFICATIONS

TYPE 1120 FREQUENCY STANDARDS

Each frequency standard assembly is sup
plied in a Roar-type relay rack. The panels and
relay rack are finished in General Radio gray
crackle lacquer. Space is available in the rack
for addition of such auxiliary items as line
voltage regulators, emergency power supply
units, radio receiving equipment, and loud
speakers.

The performance speeifications of these
frequency standards are listed under the
descriptions of the component units described
in the following pages. Two models are avail
able, TYPE 1120-A and TYPE 1120-AII.

TYPE 1120-A FREQUENCY STANDARD

Components:

TYPE 1113-A Standard-Frequency Oseillator
TYPE 1114-A Frequency Divider
TYPE 1103-B Syncronometer
Floor-type relay rack
Blank panels to fill rack
Connection cables

Output Frequencies: 5 Mc, 1 Mc, 100 kc, 10 kc,
1 kc, 100 cps. Plug-in units for 400 cps and
60 cps are also available. See TYPE 1114-A
Frequency Divider.
Power Input: 130 watts, maximum, at 105 to
125 (or 210 to 250) volts, 50 to 60 cps.
Dimensions: Height 767'8, width 22, depth
18Y2 inches (1950 by 560 by 470 mm), over-all.
Net Weight: 82 pounds (37.5 kg).

TYPE 1120-AH
1000-MEGACYCLE FREQUENCY STANDARD

Components:

TYPE Il13-A Standard-Frequency Oscillator
TyPl<; 1114-:\ Frequency Divider
TYPE 1l03-B Syneronometer
TYPE 1112-A Frequeney Multiplier
TYPE 1112-B Frequency Multiplier

Output Frequencies: 1000 .\tIc, 100 Me, 10 Mc,
5 :Me, 1 Mc, 100 kc, 10 kc, 1 kc, 100 CPSj
optionally 60 cps and 400 eps.

Power Input: 330 watts, maximum at 105 to 125
(or 210 to 250) volts, 50 to 60 cps.
Dimensions: Height 767'8, width 22, depth
18Y2 inches (1950 by 560 by 470 mm), over-all.
Net Weight: 142 pounds (65 kg).

TYPE 1116·A EMERGENCY POWER SUPPLY

Input: 115 or 230 volLs, 50 to 60 cps from power
line. 28-32 volts, 7.5-6.5 amp from battery
(when operating frequency standard).
Output: 115 volts, nominal, 60 eps, 180 watts
continuous. Frequency standard requires 130
watts, max.
Accessories Required: 28-, 30-, or 32-volt battery;
battery charging equipment.
Dimensions: Length 19, height 1O;!.1 inches
(485 by 270 mm), depth behind panel 13 inches
(330mm).
Net Weight: 58Y2 pounds (26.6 kg).

TYPE 1113_A
STANDARD-FREQUENCY OSCILLATOR

Frequency Stobility:

Aging: Less than 5 x 10-10 per day, averaged
over 10 days, after 60 days of operation. Aft.er
1 year of operation typical drift is less than
2 x 10~IO per day.

Short-Term: Better than 1 x 10-10 per
minute, as measured with I-second samples.

Oven Cycling: Less than 1 x 10-10 peak to
peak.

Ambient: Less than 1 x lO-lOrC (5 x 10-9

for 0-50°C).
Line: Less than 1 x 10-10 for 105 to 130 volts.
Loading: Less than ±2 x 10-10 for 50 ohms

±20%.

Frequency Adjustments:

Coarse: Approximately 500 " 10-9•

Fine: ±5 x 10-9 in divisions of 5 x 10-10.

Settability: To 1 x 10-10•

Output: 1 volt rms into 50 ohms at 5 Me. .4 volt
rms for General Radio TYPE 1112-A Frequency
M.ultiplier.
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Power Input: 105 to 125 (or 210 to 250) volts,
50 to 60 cps, 100 watts.

Tube Complement: One each 6ANS, 5AV5GA,
5965, 5727, 5651, 6922jE88CC; three
6688/EI80F.

Transistor Complement: One each 2:\ 1138,
2N1372, two 21\445A.

Dimensions: Panel, 19 by 5)i Inches (485 by
135 mm); depth behmd panel, 16 webes
(410 mm).

Net Weight: 30 pounds (13.6 kg).

TYPE 1114-A FREQUENCY DIVIDER

Transistor Complement: One eaeh 2N645 and
2N1218, two 2N1396, three 2N1372, four
2N520, seven each 2N169A and 2N582, fifteen
2K404, and sixteen 2I\1374.

Input: 5 Me, 1 Me, 100 kc, 50 ohms. 1 volt
±50%.
Output: (with 5-Me input): 5 Me

Sine Waves:

lOb ~~c} 1 v {~~g~} into 50 ohms

10 kc } {+SOo/, \
1 kc 1 v -10~f into 600 ohms

100 c 0

:4~g ~ }1v {~fg~} into 600 ohms
*Optional aCc<)33ories

Square 'Vaves: 100 kc} Approximately 7
10 kc voJt.s pp open circuit

Spurious Signals: I3etter than 34 db down.

Jitter: Less than .5 nsec for 100 c output with
respect to 5 Mc input..

Power Input: 105 La 130 (or 210 to 260) volLs,
50 to 400 cps, approximately 7 watts.

TYPE 1103-B SYNCRONOMETER

Input: lOOO-cycle sine wave, one volt into
50,000 ohms.

Microdial:

Contactor Stability: :Vlaximum contact clos
ing time deviation at any microdial setting is
±0.1 msec.

Calibration Errors: The maximum deviation be
tween thc indicated microdial setting and the
actual contactor closing time varies sinusoidally
from 0 to ±1 msec over the 1000-msec range.

Accuracy of Time Increments: The maximum er
ror over a time interval of 25 msec is ±2%
±0.1 msec.

Power Input: 105 to 125 (or 210 to 250) volts,
50 to 60 cps; 22 watts, continuous; 10 watts for
starting motor.

Dimensions: Panel 19 by 8% inches (485 by 225
mm); depth behind panel, 11 inches (280 mm).

Net Weight: 35 pounds 16.0(kg).

APRIL. 1961

TYPE 1112_A
STANDARD-FREQUENCY MULTIPLIER

Spurious Signals: Unwanted harmonics of the
input frequency are at least 100 db below the
desired output frequency.

Frequency.Modulation Noise: Less than ±1 x
1O~9 residual noise.

Locking Range: The input signal can drift ±15
parts in 106 before the locked oscillator goes out
of control.

Bandwidth: (Expressed as allowable frequency
deviation rate)

Input: 1 volt, 100-kc sine wave from standard
frequency oscillator. Can also be driven at
input frequencies of 1, 2.5, and 5 Mc; requircd
input is approximately 5 volts.

Will run free with no input signal, but abso
lute frequency may be in error by several parts
per million.

Output: Four channels; one each of 1 Mc and 10
Mc, and two of Joo :VIc; all sine wave; all 50
ohms; 20 milliwatts, max., into 50 ohms.

Open-Circuit Output Voltage: Approximately 2
volts.

Terminals: TYPE 874 Coaxial Connectors;
adaptors are available to fit all commonly used
connector types.

Tube Complement: Two each 6AU6, 6C4, 613C5,
6CY5, 6X8; threc 6AN8; one each 6080,
12AX7,5651.

Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 cycles, 110 watts.

Accessories Supplied: TYPE CAP-22 Power Cord,
TYPE 874-H22 Patch Cord, two TYPE 874·C58
Cable Connectors, spare fuses.

Dimen$ion$: Relay-rack panel, 19 by 12U inches
(480 by 330 mm); depth, 11}.1 inches (310 mm).

Net Weight: 25 pounds (11.5 kg).

TYPE 1112·B
STANDARD·FREQUENCY MULTIPLIER

Input: 20 milliwatt.s, 100 Mc, sine wave from
TYPE 1112-A Standard-Frequency Multiplier;
50-ohm input impedance.

Output: 1oo0-::\1c sine wave; 50 mw into
50-ohm load; 50-ohm output impedance.

Locking Ronge: ± 100 ke at the input frequency.

Bandwidth; Allowable frequency deviation rate
is 100,000 cycles at the input frequency.

Tube Complement: Three each 6AG5, 6AUSeT,
12AX7, 5651; two 6AK5; one each 6U6, 6AU6,
6BM6,5876.

Power Input: 125 watts.

Accessoried Supplie$: Tyl'l'; CAP-22 Power Cord,
TYPE 874-C58 Cable Connector, two TYPE
874-R22 Patch Cords, spare fuses.

Net Weight: 35 pounds (16.0 kg).
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Other specifications arc identical with those
for TYI'I!: 1112-A, above.

For a complete description of these instru
ments, see the General Radio Experimenter,
32, to, July, J958.

TYPE 1105·8
FREQUENCY -MEASURING eQUIPMENT

Dimensions: Height 76>-8, width 22, dept,h 2071
inches (1950 by 550 by 500 mm), over-all.
Net Weight: 370 pounds (168 kg).

1120-A
1120-AH
1116-A
1113-A
1114_A
1114-P6
1114~P7

1103-8
1112-A
1112-8
, 105-8

Frequency Standord.
lOaO-Megacycie Frequency Standard.
Emergency Power Supply.
Stondgrd_Frequency Oscillator .
Frequency Divider.
400-cycle Plug_in Unit.
60-cycle Plug~in Unit .
5yncronomeler. . .
Frequency Multiplier.
Frequency Multiplier.
Frequency-Measuring Equipment.

Code Word

ENDOW
ENJOY

MUMMY
ALLOT

AOOWN
CAMEL
CALIF
AUDIT

EPOCH
EPODE
MI'l'k;R

Price

$3640.00
6450.00

540.00
1550.00

950.00
85.00

115.00
900.00

1450.00
1360.00
5900.00

U.s. Patent No. 2.548,457
Patent Pending

PRECISION CONDUCTANCE BRIDGE
A precision conductance bridge. em

ploying a General Radio TYPE J605-A
Impedance Comparator is described in
the March issue of Journal of the Electro
chemical Society.! Designed for use in the
electrochemical laboratory, the bridge
has been used for studies of the electrical

conduetances of high-temperature mat
ter, inorganic salt systems (240-l000°C)
and solutions of electrolytes in aqueous
and organic solvents at temperatures
ofO-l5°C.

'George J . .Jam" and ,James D, E. !\lc1ntyrc, "A Prcdsion
Conductance Brid~!;C of New Design," Journal of the
Electrochemical Society, Marcb, 1961.

REPRESENTATIVE APPOINTED FOR NEW ZEALAND

The firm of W. and I{. McLean,
Limited has been appointed General
Radio sales representative for New
Zealand. All technical and commercial

inquiries regarding General Radio prod
ucts should now be directed to that firm,
P. O. Box 3097, Auckland.

General Radio Company
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A FREQUENCY COUNTER WITH A MEMORY

AND WITH BUILT-IN RELIABILITY

""hat. another COlillter? Yes, the
TYI'E ll30-A Digit,,' Time anel Frc
qltt'Il('j' j\'Ictcl' shmnl ill Figure I IS a

hr:tlld-Ilc\\" Ciltry ill t he field of hig;h
speed (,Ollntcr~ - no\\" on the scolle and
IleW ill mUll)' irnpol'tant details, Like
sen'I',l! othcr~, it is un l:lutomatie illstru
1lll'llt for the pl'eti~c measurement of
frequency, period, and timo illtcrnlls. It
difTo]'::> from j hem, however, in u:;ing HeW

circuits and now design ideas t.o provide
t111ll~lIal features and ~L \'Cl'y high degree
of reliability.

The instrument rncasurcs frequencies

from de to ]0 1\lc with fl. maXlIlll III I

pl'c('i~ion of ±O.1 epti, period:; from 10
Jl~Ct Lo 107 SCG with a. prc('isiol1 of ±O.l
f./.:::iC(', and tirYIe illtcl'vaJs fl'Oll1 I ,us('(' to

1Q7 :-soc wit h a pre('j:-;iOll of ±O.l J1~e<·. 11
call also be used to COUllt random en.'llb,
measure frequency ra t iO~J compute ph<l:-:e
.shift, and mea::iurc thanlcieri:-;tit:-: of
pulsc \nwcfol'ms.

Digital coullters have found illct'e;l:-;illg
a.pplicatioll during t,lIc past tell .)'<'Hl',",
and .several ('OI1lI1lCITial vCI':-;iom; ha\-c

come into wide lise. The dc.-;igll of still
:1l1other, ha\-ing similar bat\ic <:h<lra<.'-

Figure 1, Panel view of Type 1130-A Digital Time and Frequency Meter.
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teristics, was undertaken only after
thol"Ough study indicated that both per
fonnance and convenience of use could
be substantially impro\'ed.

The TYPE 1130-A is not "just another
counter." From the start of our dcYclop
ment work, 'YC decided that we should
design and market such an instrument
only if we could make some important
new engineering contributions that
would have substantial value to most
lIsel's. Studies of several cornmcl'cial
counters have uncovered inherent short
comings in existing designs, and field ex
perience has shown that malfunctions
arising from these OCCUI' often enough to
be objectionable and to necessitate ex
tensive maintenance programs.

Further inherent diti~d\'antages in
previolls instruments have resulted from
the nature of the measurement sequence,
or program used. The process of alter
nately counting and displaying has led
to the familiar Hintermittent" type of
presentation, which is not only inefficient
but tends to cause opcrator confusion,
fatiguc, and annoyance.

To ovcrcome the difficulties stemming
from these inherent characteristics and,
in general, to build a bett.er counter,
we had to design circuits that were not
based 011 traditional ideas. So \\-e made
a fresh start. '-iewing the instrument
as the specialized digital computer it is,
\\-e designed the operating system, the
new basic circuits, the display and
controls, and the mechanical assembly
from the ground up. 1'ho result is an
instrument that we believe represents
an outstanding combination of perform
ance and reliability.

SPECIFIC GOALS AND ACHIEVEMENTS

Reliability and Ease of Maintenance

It has always been the objectiYe of

General Radio to produce reliable equip
ment, and the standards of quality de
veloped in seeking this objective have
formed the basis of the company's repu
tation. This background has furnished
a solid foundation from which to work,
but it has been buttressed at all possible
points by innovation, as well as by the
experience of others.

The computcl' field, in particular, is
a rich source of reliability information
and ideas, and the design of the TYPE

1.130-A Digital Time and Frequency
1\1cter has drawn cxtcnsively upon com
puter techniques and components. A
major decision, ob\'iously, has been the
selection of nlcuum tubes instead of
transistors as acti"e components. Prog
gress in the performance of solid-state
dcvices has been continuous, and often
spectacular, in recent ycars. Reliability,
on the other hanel, takes time both to
be achieved and to be assessed. The
\\"ealth of proven components and reli
abilit,y experience for vacuum tubes has
therefore, on balance, been given con
trolling weight in the decision.

To be most useful, an electronic
device should operate for a long time
without failure and should be easily
put back in sclTice in a short time. The
first of these C'haracterislics measures
rcliability and the second ease of main
tenance. The GR Counter has been de
signed to meet both these requirements.
Heliability is assured first of all by
thorough system design. "fhe counting
units dcsnihed below, for example, use
a feedback system not found elsewhere,
and the efficiency of the operating pro
gram is unique.

Reliability is further as:':\urcd by pains
taking circuit design. Computer-grade
tubes (frame-grid types where suitable)
are used thL'Oughout the instrument. All
components are sevcrely derated and
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premiUtll-quality connectors are lIsed.
Circuits have been designed to operate
properly under extensive variations and
degradation of tube parameters, and do
not require fu y regulated plate and
heater power supplies. Only one regula
tor circuit is used to assure maximum
stability of the crystal-controlled time
base osci Ilator.

::\1odula.r construction has been lIsed
to simplify maintenance. EvelY tube
circuit is on an etched-circuit board,
which can be quickly removed for repair
or replacement, and test points are
an~ilableat marked panels on both sides
of the instrument. 'fhe etched-circuit
bmu"ds embody construction techniques
that have resulted in a remal'kable serv
ice record. Since GIl began lIsing
etched-circuit boards several years ago,
\YC ha'"c tihipped 1-1, I00 instruments con
taining 21,300 boards. Among these
21,300 boards only 12 failures haye been
reported, and the causes for these fail
ures have since been found and corrected.

Display

The problem of data display InlS the
first to be attacked. The operating
program used in most countcrs produces
an inefficient and fatiguing intermittent,
display. \Vhile counts are being accumu
lated by the instrument, no information
is presented to the operator. Conversely,
while the result is displayed, no new
information is entering the counter. \Ve
have developed a storage system that
holds a cOllnt and displays it contin
uously while a new count is being HC

cumulated. At the end of each counting
interval, the new count is transferred to
the display in a brief, 100-,usec interval.

Careful attention ,nlS also given to
the display itself. In-line readouts have
been widely adopted for counters but

MAY, 1961 ~

add considerably to expense, complexity,
and maintenance. Thermometer-type
displays, on the other hand, have a run
ning-up-and-down appearance that has
generally been found objectionable. This
objection is completely overcome by the
use of storage, and it was thercfore
decided that the simple, reliable ncon
lamp columns offered the best solution
for both cconomy and convenience.

FOlll' decades of the GR counter can
be used either as storage 01' as counting
units. Depending upon which function
is sclccted, the operator has the choiec
of either an 8-digit "interrnittcnt" dis
play of con,·entional type or a 4-digit
continuous display. By proper selection
of the counting interval the --I- con
tinuously displayed digits can be any
-± consecutive digits in the 8-digit
number. \Vhen calibrating variable
frequency oscillators, for exarnple, one
is usually intcrested in only the fir::;t
few digits. These would therefore be
chosen for continuous display. COIl
versely, in the n:waSUL'cmcnt of fre
quency drift in very stablc oscillators,
only the last few digits would probably
be significant and chosen for con
tinuous display.

.\ further unique ad"an tage of intel'l1al
storage is the inherent a\'ailability of
voltages suitable for analog graphic re
cording. The simple TYPE .I 134.-A Dig
ital-to-Analog Converter accessory,
which operates from the stomge dec
ades, provides a dc output of 0.1%
accuracy and linearity, corresponding to
any 3 consccuti'·e digits of the counter
display. This output will dri\'e graphic
recorders directly "'ithout the need of
an intermediate, expensive electromech
anical storage system. A graphic record
is much easier to analyzc than a list of
numbers, and the results can be just as
accurate if the proper digits are selected.
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-STATES

000 0
100 0
o I 0 0
riO 0
o 0 r 0
101 0
o I r 0
I I I 0
000 r
roo I
o I 0 I

I I 0 I
o 0 I t
I 0 I I
o I I r
I I I I

o 0 0 0

Decimal-Counting Units

The design of the decimal-counting
units, 01' decade:;, of the GIl Counter has
incorporated both optimization tech
niqueH and no\'el idcas. A first. step ""as
a detailed ,tudy of bi,table flip-flop
circuits and the interrelations of com
ponent \"ailles and tube characteristic5:.
De8igll CUITC::;' were de\"eloped from
\\"hich optimum ntluei; could be deter
mined. depending upon desired repeti
tion rates a.nd a\'ailable tubcs. This was
followed by an intensi\'c study of
decimal-count ing systems.

In opcration the Aip-f1aps of a decimal
('ounting unit arc complcrnented. 2 That
is, thcy rcvcrsc stale at each input pul:::e
and i;-;:,ue all output or carry pul:;e for
C\'ery other inpul pul:ic. :\ single flip
nap. therefore, forms a ficale-of-l\'"o
circuit, produeing ('aIT~r pul~es at half
the repetilion rate of the input. Four
eascaded flip-flops form a basic scale-of
sixtccn asscmbly us sho\\"11 in Figure 2"

Early COllnlCI":; displayed thoir count
directly ill binHr,v units and it was
eustomary 1,0 refel' La them as scalo-of
(i-I, 8calo-01'-1.28 ('OHIlLers, etc., depending

FLIP - FLOP
PULSES TO ELEMENTS
BECOUNTED~

DECIMAL
NUMBER

o
I

2
3

•
5
6
7
8
9

10

II
12
13

"15
16 aO

upon the number of flip-flops used. The
modern decimal s.Y~tems stem from the
work of I. I~. GI'O:-idof-T,3 ,,"ho sho""ed how
to cha.nge the scale-of-sixteen systern to
a seale-of-ten by means of feedback
pulses, and ho"" to light tcn neon lamps
in the no,," familial' colurnnar display.
Figure 3 ~ho\\'s the t\\"O fecdback systems
described by Grosdoff.

The double-feedback system is best
adapted to light ing len Ileon lamps in a
decimal displa.,· because the plate \"Olt
ages of the four fiip-Aops can be properly
combincd in a simple matrix of resiBtor:-:.
The :-::inglc-fccdback sy:,tem IS be;-;l
adapted to reliable ('otlllting"

Because of I he ea:-;e of obtaining the
displa~r. all pl'c\'iolls counter;; hu\"c lI!->ed
the double-feedback system in lo,,"-speed
decade:.:;. Ruch decades, ho\\"c\'OI", are
subject to ('rrors ill ('Qunting eaused by
the muli ipl(' fcedhuC'k. and failures frol~1
this cau::;(' have been a frequent sOllrce of
trouhle.

Tho fil'...;j, feedback signal in the
doublc-ferdhHC'k 1-iyslcm occurs at the
eOllnt of four. The 0-1 transition of the
third flip-flop rcsel s Ihe sccond flip-flop
to I. Thi!" opend ion eausos no diffiellity

'i,e \Y. ~tllart, "\'acUlll\l~T\lhe Flip-Flop Design for
COlllmcrCU11 [IlStrlllllcnt:tllon." :';.;IIE~l Technical Pro
»:raill. Ko'"clIlhcr 19. 1O:;~"

!I:rom tl'e CQlll,<,pt of cOl1lpletllentar~" numbers. Tn the
bmary llystelll tll"O numbers. 0 and I. form the whole. I is
there.fore tl~e cotllplClllelll of 0 and '"icc '"ersa. and a f1il)_
flop, 111 1Ilkltl.ll: on both stlllC8, hl18 completed the count of
all pos.<tible numbers.
I~" Eo GrosdotT. "ElectroniC' ('ounters." neA Review, '"ol.
\ II, no" 3. ~pt .. 19·H;; PI'" 43S-'IH.

I. E. GrosdolL "Electronio Chllin with Decimal Indi
catoN'." 1.:. S. PaTent ::\0" 2,4ar..963; .\Iarch 2. 19-18.

Figure 2. Block diagram of four cascaded flip-flops
in a scole·of·16 assembly. Each f1ip.f1op is set
alternately to slates 0 and 1 by its input pulses. On
Iransition from state 1 to stole 0, each flip-flop
transmits a corry pulse to the following flip.flop,
which in turn tokes on states 0 and 1 ot half the
role of the preceding flip-flop. The flip.flop states
corresponding to the number of input pulses are
tabulated below the diogram. Note that the listing
of 'he flip.f1op slates shows the leasl significant
digit at the left- the reverse of the corresponding

binary number.
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since the 0-1 transition of the second
flip-flop generates no carry pulse. Con
sider, however, the transition from 5 to 6.
The input pulse first sets the Hip-Hops to
states 0001; the 0-1 transition of the
fourth Hip-flop feeds a pulse back to the
third flip-flop Lo reset it from 0 to 1; this
0-1 transition of the third flip-flop,
however, is the same transition previ
otlsly used to reset the second flip-flop to
] in the first feedback operation. \ViLh
now tubes the unwanted feedback docs
noL occur because the tran~itiollS fmIll
1 to 0 and 0 to 1 in the third flip-flop
follow each other RO dosely in time that
a full-sized feedback pulse to the second
flip-flop is not generated. As the tubes
age, howevor, changes in voltage level
and delay time can, and do, prevent this
sequence from occurring properly, and
the COllnt jumps fl'On1 5 to 8 instead of
from 5 to G.

The new GR Counter does not use
this system anywhere, bllt uses instead
the foolproof single-feedbaek system. At
the same time, by the lise of an addi-

tional neon lamp4, the adding matrix for
the ten neon lamps is made as simple
and economical as the matrix used with
the double-feedback system.

Neon lamps are also used in the
feedbaek networks to assure reliable
operation4, and neon lamps and resistors
are used t.o convert a low-speed counting
decade into a combination counting and
storage dccade4•

The problem of tube aging has been
grcaLly reduced in t.he Gn. decade.:;.:.
All circuits will operate with half-dead
tubes, that is, tubes with half the gIl, or
twiee the 1'" of a design-center tube, 01'

wit,h any combination of lIew alld
aged tubes.

The IO-Mc Decade

The cascaded time delays involved III

the transition from 7 to 8 in the feed
back system described above limit its
use to input-pulse repetition rates lip to
about 1 1\10. For operation at faster
·n. 'v. :-ituart, "Electric Awitching Circuits." British
Patent ","0. 851,0.52, U. S. Patent Pending. "Counter and
Display S.\'stern," t', S. Patent Pending. "Counting and
Storage Systen,s," 1;. S. Paten! Pending.

FEEDBACK AT
5-6 TRANSITION

PULSES TO
BE COUNTED lsi 2nd 3rd Ih

FEEDBACK AT
7-8 TRANSITION

PULSES TO ~~
BECOUNTED~

FEEDBACK AT
3-4 TRANSITION

0 0 o 0

0 0 0

0 0 0

0 0

0 0 , 0

0 0

0 , 0

e e
' 0)
8 I

~,
0 0 0 0

2 4 2

2

3

4,
6

7

•
9

'0

DECIMAL
NUMBER

o

FLiP- FLOP
WEIGHTING

o 0 0 0

0 0 0 0

0 0 0

0 0 0
,

0) 0
e e I 8

e /1 e
0 ,I, 0

, 0

o

2 2 4

7

•
9

'0

2

DECIMAL
NUMBER

o

FUP-FlOP
WEIGHTING

C4

(

Figure 3. Feedback syslems for
converting from $Cole-of-six
leen to scole-of·ten operation.
The CQrry pulses Qre generated
during IrQnsi!iQnS from slQte 1
10 stQle 0, Ihe feedbQck pulses
during trQnsitions from slQle 0
to stote 1. The weightings
necessory 10 convert Ihe binQry
stQtes to Q decim(ll number (Ire
lisled below the IQbuloled flip
flop stotes. The crossed-oul
binary stQtes do nol occur but
ore bypQssed by the feedb(lck

reset operoliQns.

A.DOUBLE FEEDBACK SYSTEM B. SINGLE FEEDBACK SYSTEM
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rates. high-speed flip-flops and multiple
gating systems5 have been devised to
minirnize the time delay. In the GR
high-speed decade, two novel featm'es
have been used that contribute to a
degree of reliability comparable to that
of the 10ll'er speed decades. A block
diagram of the gating system used is
shown in Figure 6.6 In this system the
4th flip-ftop is a simple set-reset circuit
which controls a gate directing the carry
pulses from the 1st flip-flop to the 2nd.
'The count proceeds from 0 to 9 in normal
scale-or-sixteen fashion. The transition
from I to °in the 3rd nip-flop at the 8th
count, ""ts the 4th nip-nap to the 1 state,
closing the gate. The Olltput pulse of
the 1st flip-flop at the count of to is
therefore prevented from t,riggering the
2nd flip-nap and instead resets the 4th
flip-nap to 0, leaving all flip-flops in the
ostate and reopening the gatc.

In this system, only the first flip-flop
operates at the high-input rate. Current
source coupling7,8 is used in this circuit
to achieve maximum speed.

The decade system described results
in a t-2-4-8 code. This coding is con
verted to the 1-2-4-2 sequence of the
lower speed decades in a four-tube
readout unit separate from the LO-1/Ic
counting decade.

Operating Program

The opernting sequence, or program,
used in previous counters has limited the
efficiency of information processing to
50% at best. A to-second measurement
of frequency, for example, requires an
annoying dead time of at least an ad-

Figure 4. Block diagram of the counter; frequency
and period mecuuremenl.

ditional 10 seconds for display before a
new counting interval begins. In con
trast, the program of the GR Counter is
83% efficient. It is therefore necessary
to wait only 2 seconds before a new
measurement is begun, irrespectiyc of
whether 8 digits intermittent or -! digits
continuous are displayed. For a OI1C

second measurement, the waiting inter
"al is only 0.2 second, for a O.l-second
measurement only 0.02 seconds, etc. The
efficiency of the continuous displn.Yl on
the othel' hand, is essentially 100% since
new answers are t.ransferred in only
100 microseconds.

Human Engineering

The positioning and labeling of con
trols and connectors in previous designs
have left much to be desired from the
standpoint of the opcrator. As shown in
Figure 1, thesc components are logically
arranged and clearly labeled ill the GR
counter. The tcrms used are simple and
descriptive. ""fwo-color engraving furthor
simplifies thc operation of the instru
ment. The whitc cngraving indicates in
formation of primary interest to the
operator) such as the measurement being
made and the units of measurement; the
orange engraving indicates secondary or
supporting information, such as the
counting interval. For cxample, when
the large, centrally locat,ecl, measurement
control is in the Time-Interval position,
an orange dot at the rear of the double
bar knob points to an orange line leading
to the Start and Stop input cOllnectors.

IA. S. Bagley. " ..\ 10 ~Ie Scaler for :'iuclear Counting and
Frequenc~' ~Ieallurement." H1' Journal, yol. 2, no. 2,
October. 1950; pp. 1-4.
IE. L. Kemp, "Gated Decade CouRIer Hcquircs )10
Feedback." E'I«tNmic•. \'01. 26, Pi>. 145-147, February,
1953,
'Patent Pending.
lit. "'. Frank. "An Impro\'OO Pulse Generator with 15
fiS Rise Time." GtlMrli/ Radio Bxperim.tlJlUr, 33. 2,
February. 1959.
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Simplifled Block Diagram

The simplified block diagram of Figure 4
shows that the TYPE 1.130-.-\ Digital Time and
Fre<luency :\Ietcr contains five basic (Oircuit
blocks: the lnput Circuits, the Time Base, the
i\Iain Gate, the ProgrtUl1 Control, and the
Decimal-Counting Units. The Input Circuits
arc used to generate trigger pulses from the
input signaL For frequent)' measurement the
trigger pulses arc counted for a time interval
derived from the time base; for time measure
ment (period, 10 period, or time int.erval), 1he
trigger pulses determine the time interv:\I,
during which dock pulses from the time bnse
a.rc counted.

The Program Control opens and doses the
:\Iain Gate, controls the display, ,mel handles
the various resetting operations.

Input Circuits

A prime requirement for digit:)1 mC:lsuring
equipment is that it be as nearly ;lulomati(, ;18
possible, This requirement is put. to its most
severe test in the input eire'uits, where the
counter system ml.-'Cts the user's system. Highest
reliahility CMl he obtained when the signals
counted are pulses of eonstant amplitudc and
duralion: the more nettrly const.ant" t.Iw more
reliable I.he ('ounting. Yet this signal must be
derived from the user's signal, in which fre
quelH'.V, waveform, modulation, and noise are
all variubles. To make the ('ounlcr useful with
the widest vn.riet)' of input signals we ha ve
therefore provided:

1. A means for adjusting the input circuit to
produce the triggering pulse at. some specified
input-voltage level. This permits t,!10 rejection of
some forms of noise in the input signal and
adapt-s the counter to measure the frequency or
period of low-duty-ratio pulsed signals.

2. A means for removing de 80 that the
frequency of an input signal l>edestaled on dc
can be measured.

3. An attenua.lor to help reduce the effects of
noise and increase the rnnge of the triggering
level control.

4. A means for selecting the slope of the
input. signnl which produces the best trigger
pulse, This adjustment is partieuh1rly im-

portant in period and time-intervo.l measure
ments where, for maximum accuracy, the most
rapidly changing portion of the input signal
should be selected.

A simplified schemn,tic diagram of the input
circuits of the counter is shown in Figure .'l.
The two triode sections of the first tube ::Ire
connected as a push-pull differenee-amplifier or
Hlong-t.ailed pair"9, The input signal is applied
to one grid of the pair and a variable reference
volklge, determined by the Trigger-Level
controL is applied to the other grid. Thi>-:
reference volt.nge determines the point 011 the
input-signal waveform t'lt whidl a trigger pulse
is generated by the Input Circuits, For fre
quency measurement of clean, sinusoid;ll
signals, it is desirable to generate trigger pulses
at the zero-erossings of the input signals to
obtitin ma'\imllm sensitivity. Ilowcver, for fre
quency measurement of pulse W1Lvcforms in the
pre-ence of noise which causes multiple zero
crossings, a.nd for period and time-interv;!l
measurements and the counting of random
events, it is desirable to :ldjust. the triggering
level to the clellllest or most significnnt portion
of Lhe input waveform. The Trigger-Level
control is a potentiometer with a grounded
center-tap covering a broad region of rob\tion
whi('h allows it quick, noncriticnl return to
ground potential. The range of the reference
volta-ge is ± 10 volts which, in conjunction with
the 10:1 input attenuator, provides an effective
input-triggering mngc of ± 100 volts.

By interch;Hlging the grid connections of the
input signal nnd reference voltage, the Siopp
Control (not shown in Figure 5) determines
whether a trigger pulse is generated at H

positive-going or a neg:ttive-going erossing of
t.he triggering level. The Slope Control ('Hll

also conned a, cilpacitor in series with the input
signal to block any de that may be present.

The first amplifier ('ircuit also serves as II

st:'lble limiter, since the plate-voltage limits
arc determined by the plate-supply voltage and
the plate and cathode resistors, and tire essen
tially independent of tube characteristics.
Because of the symmetricnl, balanced nature of

~, E. Valley and H, Wallman, "Vacuulil-Tube Ampli
fier," Radiation Laboratory Series, No. 18, :\'!cGraw.l-lill
Book Company, l\'ew York, New York, 1918, p. 441.

i'A~M~P~L~1F1'~E~.~w._-i~M~P~L~IF~'r.~r ~S'fH~M~,~r~r~c~,~.'TC~U~>T,---__..,-<, +

Figure 5. Simplifled
schemgtic diggram INPUT
of the input circuits. c.::-'-'-f-;~

TRIGGER
LEVEL "':F

-'0 CURRENT
SOURCE

CURRENT
SOURCE
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BINARY
NUMBERS

IFI 1F,IF;,F4
o 0 0 0 0
I I 0 0 0
2 0 1 0 0
;, 1 I 0 0

.... 4 0 0 I 0
~ 5 I 0 1 0
; 6 0 I I 0
::J 7 1 1 1 0
:l!: 8 0 0 0 I
;i9IOOI
~ 10 0 I 0 I
:.lll 1 I 0 I
0 ,2 0 0 I 1

13 1 0 1 I
14 0 I 1 1

15 1 I 1 I

16 0 0 0 0

I 2 3 4

-rlil--'r-ITl'lilrTl'lilrTl- 'N'"
6~FIV2

I I I I I CARRY TO IF,

~lF,V4

I I
~1F3V6

Figure 6. Scole·of·sixteen binory counter ond ~isplay, The bino~y numbers represent the states of the
flip-flops corresponding to a 1248 weighted code.

IhC' rirruil, o!wr:llioll i!": al!":o ~"'C'llli:\II." inde
pt'ndC'llt of pl:LlC'-SlIppl...· or fil:\m~lIl-:vol!a~('
v:Lri:llions..\notlwr :lltrilmtC' of tim' em'1ll1 I~

its VNV hi~h d...'nami(' r:ltlg'C' "'hirh !lrrmils
nW:Istlr'CnlC'lll of i'iKII:ds with large amounts .of
amplitw!P-lllodllhtioll or [o\\"cr fn'qut'IH'." 1I0lSC
-~ilH'(' thC' ('irruit \\'jllnot Iw (·Iamprd h...· Ihe
noi,;p or modulation !Jcnks, hUI will ('ontilllle to
0PPt':ttf' :It 11'11(' rl'frt"('J1('p-[pvpl nOf<sin).!;s. .

Thl:' out PilI of tilt' fin..:1 amplifil:'r sbgc IS
dil'P('j ('ollJ)It'd to Ihl' sl'('ond. Both shunt :l,~d

sC'riel-i-pt'akillg; indlll·lor..- :11'1' 1I.'wd to ohtam
maximllm hnndwidl h. Tlw sC'('olld slag;p of
:tmplifi('atiol1 i~ simil:l]' to thc tirsl cwept. lhnt
the pII~h-pull illPllt i,o.: ('ol1\'cl:tl'd to n, Slll.g[~

cIH!pd OIII'I)\lt, [n this ('01111('('11011 the ('lrrlllt IS
\lsmdlv l'('f('rr'C'd to a" :L ('athodc-(,Ollp!cd
rlipwi·. 10 . . ,

Tlw OlltPllt of IhC' !'('('ond. nml!llhc,r st.:1KC IS
di,.p(·t Iv ('ollpl('d t () til(' follo\\"1l1~ ('II'f'\llt \I"lt haul,
nttprlll':llioll b,v IlW:lIl.'i of:l lriod(' ('ollnC'(,t('t! asa
('Ilrrcllt SOlll'(,C'.l,~ BPf'nll!';(' of llw 1ar~c ('ulhode
resist.or, th(' triodl' draw..- a. ('onstant. f'Ul'l'(,llt,
throll~h the r<';.;istol' rOlllwrlcd to its plate.
With :1 ('onstnnt ('llrl'rnt in tlw resistor, ~llld
thcn·fon' :\' ('Oll~tallt VO!t:lgl' a('I'OSS it, an...·
v:lrialiOll in volla~(' at OIW t('rminal of th('
resistor if'; tr:ln"rnit led IIlldiminislwd to thc
oth('r termin:d hili at a difTf'rCl1t d(' If'vel.

The PIJlSf'-~~l1rr:llillg:('in'llit it"plf is based on
thc familial' Schmitt ('in'llit" with :l.notlwr
('urr('nl-!'iOllrr('-('Olll1C'('lC'<1 triodc t1Sf'd to rOll pie
lilt' If'ft-h:lIld p1:lte 10 the right-hand ~rid.
Shunt pe:1killg alonC' is u!":f'd in this ('in'lIit "i,we
sPrics peaking would introdlH'(' a time dela.\· and
d('('reasf' the m:l\:imum n'pelitiolJ mtf' of t.hc
(·ireuiC Theolltpul plll!"f' is genemtf'{1 hy a small
toroid:lI tr:lIlsformC'r, wound on a fcrrile ('01'(',
whi{'h is ('onnc(,tftl to the right-hand pl:ltf' of
lim Srillniit. (·in'llit.

The scnsitivity, (minimum vo!t:,gf' .n('('~
s:lry 10 prodlj('(' OlltPlIt (lll!Sl"') of thf' {'In'lllts
dCS('rihcd is :lho1l1 lOO-mv rms from dr' to 3 .\[(',
rising 10 2.:;O-mv rm!ol al 10 .\re,

Counting Circuits

The g('llpr:11 modf' of 0Jlcr:llioll of ~he eO~I!lt
Ill).!; l'ir('uils h:1S :llJ'(':ulv hCf'1l dcsenhed. I he
(,It'mpnls of lh('>;(' r'lrrluts ,Ire 'Alp-flops,' or
hist:)hll:' multivihr:Llors.

10'01'1\' of tht' 87 ('irf'llils ill lhe ('ountci' :Ire
f1ip-flol)s. Of t IH'~C' ·10 (:ir~'lIits, 36 :JrP llsed i.n the
1)1'('im:d ('Olilltlllg; Llllt;,;, where the hl/wr)'
!;w:de-of-~i"t('('n j,., 1)(,l'mlll~'d to:l st'a!e-of-.tC'n.t'or
('it her stand:1 rd ('Olin t lllg or t'omhillfl I 1011

('011111 inv;-storaj.!;c.
FOlll' (':)S(':U! ..([ flip-floJls forming :1 sl';}lo-of-

!'ixtccll :ll'e sho\\"n in Figul'c G. ..
I,e!' Ill< IISSIIIlW t,h:lt thc ('irrles \\"Ithlll the

r('rtan.!!:l('s n'IH·(,.-;Clllill~ ('.arh. Hip-.flop :~re the
two t.Hil('s formillJ.!; llt(' ('Ir('nd. \\e dehne the
flip-flop 10 1)(' in thC' 1'0" slai .. \\"ith tlw l'ig;Jrt
h:lnd tuhl' l·otHltl/'ting, TilliS, in the figul'c, the
I<h:ulpl! (·il'l'!ps I'l'])f'(,f'('lIt 011 tnl)('s, :HHI the
s('al('-of-!'iixtC'cl! is in tlw :-t:lte 0000. The
horizontal line' ('onn('dions rcpresent. inputs,
sav to J..:"rids, anrl it l1('~:llivc pul.':lf' phwcd C!ll
the ('OmmOl. ('onlJ(·(,tion hcl\\"('('11 tl1(' tllhcs \\'111
t'urn ofT whi('})('ver tulw is on :wel \\·ill thlls
('omplC'llwnl the f'tatC', ('hanging; n zcro St:1tp 10

:1 011C' or a one' 10 a :1.('1'0, .\ signal [I'd to either
grid st'par:llpl.v will s('1 tI~(' f1ip-.flop to tI,le
sp{'{'ifirc! Sl:ltC' onl,v. If the fhp-flop IS :)Ire:uly III
that slate, tI)(' pul,<;e will ha.vc no cITed.

.\"o\\" h:wing C'Sl:lhlishcd the ground rul{'s. we
r:1n h('gin to ('o!lIlL The ~irst (lllist.: rc('cive<l h."
flip-flop 1 in Figure 6 \nll (':lllse It to re~'(>r5e

.<!tate (1000). The plll.sC' form~ .\\'hell the .nghl
hand tuhe goes oIT WIll he PO:jII~ve and w~1I not
aITC'(·t FI<'2. Thc s('('ond pulse \\"111 l'anse 1· FI to
rt'turn to the 0 sl:ll(' :ll1d till' rig:ht-h:md luhe in
turning 011 will prodIH'(':L ll('g':llive pulse e:lllsing
FF2 lo r'omplt'nwlIt (0100). I·;~lt'h 1-to-0 trall
Rilion will produ('c :l (":11'1'...· pulse :ltld {':lch

1°.J:u'ob .\lillnl9.n :11111 Hernert Traub. "Pulse :m.d DL!,dfra!
("in·lIi,."," :'>lrGrnw_lIil1 Book ('olllll:my, Inc.. :'\cw \ork.
:'\ew York, 19.;(;. . , ..." , .
lIO, II, Sdilititt, ....\ TherlillOnlf' I r'l!:l!f'r, ./ourn"l ?f.. ,'n
tllliJk 11liJlru"'tnll1. \'01. ';" IlP, 21-21', Januar~·. 19;~.
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OUTPUT

FB-2
FB -I

,-1::----:l::--------- -- -------:i-----:~- - --- --000

INPUT

Figure 7. Grosdoff 1224 weighted code showing indicator matrix and feedback paths. The shaded areas
designate combinations of flip-flop states that exist uniquely in conjunction with the two states 0 and 1

of FF1 for the allowed states. The neon lamps are connected Ie the matrix buses.

SIl('('cssive flip-flop will switch at kdf the rate
of the olle before it. The simple cir(,llit of
Fig;ure 6 therefore produces the conventional
scalc~of-sixtecll seqnCIH'C.

To make a useful ('ountcr, one mllst add
appropriate means to indicate the flip-flop
st.ates. This is conveniently done with neon
lamps that arc operated from eomhinations of
plate voltages in the flip-flop tuhes. I n Figure 6
four neon lamps arc shoWI1, connected to light
when the rig;ht,-hand tube is conducting (sUlie
J). The neon lnmps .'Ire therefore off for a 0 and
on for a I in the particular digit (in the hinary
system) that they represent. 'J'hcse digit.s nrc,

tespedively, 1, 2, 4, and 8, and the flip-flops
arc said to be \\-eighted 1-2-+-8 fat counting.
For example, suppose Lhe counter has re
l'ecpived 10 pulses. Flip-flops Ilumher 2 and --1
\\·ilJ then be on, and flip-flops I ano 3 oIj",
yielding a ('ounL of 0 (2°) + I (2 1) + 0 (2~) + 1
(23) = 10. The first Illlf'lear scalers were ('011

strurteo in this g;eneral fashion, with binary
displays.

For convenien('e and speed of readinp; in
measuring systems it is obviously desirahlp to
count, and to display the counted number in the
decimal sysLcm. 1. E. Grosdof-T of RCA showed
how to ('onstruet Ii decade COllnter based 011

rrrrr- .".,- ~ - - ..-
rf r--_ 'ii---1_

r-r----, ,- ,..---
-l

Figure 8a. Plate voltage waveforms
at 50 kc of V2, V4, V6, and V8 for
1224 coding. The system operations
occurring at pulses 4 and 6 produce
the dips in FF2 and FF3 waveforms.
These dips, in turn, cause the diffi
culties inherent in this system. The
first feedback is unambiguous; the
second, however, requires that the
time constant of the feedback path
be critically adjusted to be short
compared to the time between maxi·
mum-rate counts but long compared

to the duration of the dips.

2
I

4

I
6
I

8
I

V2 Plate, FFl

V4 Plate, FF2

V6 Plate, FF3

V8 Plate, FF4

Figure 8b. FF2 grid-voltage wave
form. The first feedback shows
clearly as an unambiguous signal;
the second shows a positive over
shoot caused by differentiation of
the positive slope of the 0-ltransi·
tion in FF3. In this example the grid
swings 4 volts above the 10 volts
required for cuttoff. When this over·
shoot becomes too large it will pro
duce the commonly observed decade
failure of skipping from an indicated

count of 5 to 8.

F.B. Grid V-3 FF-2

V4 Plate, FF-2

V6 Plate, FF-3

va Plate, FF-4
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EVEN LAMPS

12

Fe

Figure 9. General Radio 1242.weighled code showing feedback and indicator motrix. Shaded oreas
show neon-lamp motrix connections. For this coding a triple addition must be used. The loss involved

in this addition is minimi~ed by the use of INHIBIT lamp instead of a resistor.

pcrmuting the s("ille-of-sixtccn to ::t s(,llle-of-ten
and at the same time conncding ten neon
lamps in :1 simple matrix to display the count
as n decim:11 number.J

Figure 7 shows the doubk"-feedbnck s:vstem
of Crosdoff. It is the system most ("ommonly
Uf'ed in modern counters lwcall8e the ten-lamJ)
matrix is the simple.~t. The gcneml sequence of
this coding system IU1S fllrcndy been descrihed,
and the weakness analyzed. The )>ossibilit:-, of
f:lilure is shown elenrly in thc oscillograms of
Figure 8.

The single-feedback system which Crosdofl'
suggested does not havc this built-in haZftrd.
ILs operation hns been prcviously descrihed Ilnd
thc system is shown in Figurc 9. In this systPIll
thc count procceds normally up to thc eight,h
pulse. The 0-1 transition of the fourth flip-flop
thell rcscts both the second and third Hip-flops
simullancollsly to 1, eliminating the 6 scalc-of
si'\:teen binary statf'S 8 to 13 without criti("al
timing. The qucstion immcdi:1tely ariscs, wh.v
hasn't this more reliable ("ode bl'..'Cn used rather
than the common one? The :LIlswer lies in the
indi('ator-Iamp matrix which wc shall now
dis("uss. Sec Figure 10, where this coding system
is shown in operation ~t 50 kc.

Refer again fA) Figure 7. Assume that a given
noon lamp in the indic~ltor will ionize only when
it is connected from the potential of an off
f1ip-Aop plate to that of an on plate. Kow, for
example, take the decimal number 1. The I
lump is connected from the plate of V2, which

is ofT (st:lte 1), viti two resistors to plates of V-I
:lnd V8 which are on (sl.:lte 0). Thus the 1 lump
will be on. These sti\.tcs in FFZ :lIld FF4 flrc
uniqup to the digits 0 tllld 1 in this coding
system. In all other allowed st:1t08 either one or
the other flip-flop is in st:1ic I :lIld the voltage
at the noon lamp is .!-'2 the on-plate voltage,
whieh is not sufFicient to light it. Likewise, all
sh~\ded st:1te ("omhin:ltions in Figure 7 are
unique to corresponding de(·imlll numbers. Xol.e
that whether thc 0 or the I lamp is lighted
depends only upon the slate of the first flip-flop.
The first Aip-flop ahmj"s detl'rmines whether
the even or odd lamp of ll.selc(·ted pnir will light..
In this example, therefore, lhc type of simple
resifit.or mal..rix shown will unambiguously ('on
trol the lamps. 1\"ow, look al.. Figure 0. Notc
that, NO sHeh combination of two unique stat.es
exists for ea(·h pair of decimal numbers. Tn
ordcl' to get an unambiguous eombination, we
must. combine at ICfl..'3t on("c thc stllies of three
of the flip-Hops. The Gcneral H:1dio countin~

<.lecade uses the combinations shown shaded. rt
would be possiblf' 1.0 continue to use a. resistor
matrix with a t1m>e-rcsistor :lddition to cont.rol
t.hc lighting of thc six-sevcn lamp pair, but the
loss in su(·h it resistive :ldder, when coupled with
the fixed ionization-dcionizlltion voltage-incre
ment rC<luirements of noon lamps, would call
for unecollomieally Inrge flip-flop plate swings.
We have developed a ml\trix systcm requiring
the same plate swings as a normal decade by
ndding one noon lump to the matrix t.o prevent

FF·1

FF·2

FF-3

FF-4

Figure 10. Typical waveforms for 'he
flip-flops in the General Radio 1242

code of plates.
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1234$61.910

i I I I I I I I I I 'NPUT

~~F,VZ
I I I I GAT[ OUTPUT

:==--_--- 1'2 v.OI.lTPUT

rl-:c-l-,

BI".'"....... 8EIl$

", "21')11'.

o 0 0 0 0
I , 0 0 0
Z 0 , 0 0
) , I 0 0
• 0 0 , 0
~ I 0 I 0
, 0 , , Q

7 I , I 0

• 0 0 0 I
, I 0 0 I

figure 11. General Radio lO-Me Decade.

tho ionization of the six-soven lamps during
the state 8-9. 12 A neon lamp costs little more
than it resistor so we hallc lhe 1'cl£able code
and at atmost no increase -in ('o.~t.

Ten-Megacycle Decade

Up to this point we h:1VC discussed dceudc
design prinf'iples with no rcferenee to the rate
of counting.13 Beyond :1 certain ma.ximum input
pulse mlc, however, t he flip-Hops will f;lil to
swilc·h because of insufficient time for C.f.lIXIC'i.
lances 3SSO<'iated with the circuits to charge
or discharge.

Pra<."tical vacuum-tulle (,oullting t'ircuits in
volving flip-Raps whose plate eurrents operate
neon-lamp indic~l.tors dircctly must have plate
swings eX('eeding 100 volts. As the counting
rate in('rcllses, the Aip....Rop iml>ed~l.Ilce level
must be dccrcllsed in order to speed the charge
and discharge of cin'uit (·~l.pa('itmH'e. "'ith
fixed voltage requirements, the powcr input
must rise directly with this decrea.<;ing im
pedallcc. A practieal power limit is reached ftt
('ounl ing rates of about I J'vlc for the ('OIwen
tional dc('ades of Figures 7 lLnd 9.

III the design of a dC(~lLde to operate at
10 Me, a straight redUC'tion of 10 to I in circuit
impcd:UH'(' levels and plat.e~voltageswings will
not yield:t practical, stable, :md reliable circuit,
With convcntional circuits at. this frequency,
the dc l'riteria for reliahle f1ip-Aop design l'~l.nnot,

be met, even with the best frame-grid tubes
avaibble toda:v. The reasons are Siml)le. To
meet our requirements we must oL'erdriL'e the
tubes so that the off lube will remain off under
worst tube....aging and ('omponent....variation
('onditions. This overdrive volbge mllst be
3v~lilable at the grid side of the ('ross-coupling
network which normally h:l.s a voltuge loss of
~ to >/z. These design requirements cull for
huger plate-voltage swings thun C~l.n be pro....
duccd within the power ratings of even the
best modern tubes.

We have developed u f1ip.... f1op, based on the
current-source coupling system des('ribed in
the scctioll on input ein'uits, in which the ('ross
('oupting toss has been c1imin:lted.7 Onty >/z to
}.1J of the plate swing of n. normal ('ircuit is
required, with a proportional savillJ;!; in the
power required. 'Vith 11 conventional eircllil,
the two.... lo....one tube.... rundown eriteria can he
met :It impedance levels nppropriate to 5-:\1('
resolution, with the unity couplin!!; technique
the same tube dissip:ttion will yield ut 15-:\1c
('irr'uil.

1t is not sufficient, however, to design a flip
flop eirc:uit meeting t he fixed de reliability
('riteri:-t and switching at, It sufli<,iently fast rate.
This ('in'uit must now he designed into a decade.

B.cliabte flip.... nop eircuits in whi('h the cutoff
tube has ~llargeexcess bias vottnge require large
triggering voltages and, with the finite rise
time of the triggering voltage, :I,ecumulat,e more
time dela~t between the upplieution of t.he
trigger and the :1ctu:l.I st:l.ge-switching a(,tion
than the more conventiOl1tll designs. '"ariOHS
spC'C'ial designs have been suggested for high....
speed dccudes. 1O All of these forms have heen
nl1tl.I~·zed and the ('onfiguration shown in Figure
I I was ~ldopted as the optimum structure from
the standpoint of time del:1Y.'

The derade uses:-. g:\te hetween thc first and
second flip-flops. This gn.te is operated :-.t the
count of 8 to prevent cOllnt :":0. 10 from setting
FF2 to state 1. FF... is reset to the 0 sbl.te by
the tenth pulse and issues the c/l.rry output. .

The time~dclay requirements in this system
arc e:lsity explained. POl' proper operation thc
gate must be closed at t,he ('ount of 10. It is
operntcd by FF4 at the ('ount of 8 and so the
tot,at loop detay inr-tucling 1,he gate rise time 1,0
t.he closed condition must be less than two
counts at the maximum input frequency (0.2
#se(' at 10 j\fc). The gitt.e must, lIgnin be open
3nd ready to pass n (':\rry pulse for FF2 nt
count, 2. Since the fourth f1ip.... f1op is reset
dirc(·tJy from FFl, it is clc:1I' that. the closing
timc-deluy limits. Even with our reliable und
°stiff" flip-flops, the totnl loop dela.y does not
:1pproach the O.2-}oI8CC' f:-.ilure figure.

Kote that the gating system of this dccudc
leavcs the second Aip-Aop in state 0 for til<'
eOllllls 8 ~lIld n. We, therefore, have a Pllr~

binary progression with weighting 1-2-4-8.
SilH'e a.nv to-i\fe resolution dcr~l.de must hav£'
smull pl;lle swings, u set of burrel' :unplifiers
must be used to drive the indicator. These
~unplificrs ure driven by the 10.... :\[c declHle
plates through a resistor m:l.trix which ehalw;es
the code La 1....2-4....2 weighting sO that the butTer
output is identical with the OlltpU!.. of til(' lower
speed deeades.

I~Frcnch patent 1,240,360, U. S. Pat.ent pending.
'IZ, lh~' and N, T. Grisnmore, "I-lii!:h SI.>Ccd Flip-Flops for
the l\lillimicrosecond Hellion." 1 Iff: Trans'U;tions on EI#!('o
(ronic Compt~ler8, EC-r" 3, September, 1956, p. 121.

An excellcnt sun·ey of lhe I)robleills can be found in E.
:'.1. William, D. F. Aldrich, o.nd.1. B. Woodford, "Speed or
Electronic Switchin/ot Circuits," PrOt". of IRE. \'01. 38.
pp. 6.5-f,!), January. 1950.
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Combination Counting-Stortlge Decade
t1nd Storage System

A deeimal eounting unit entircly unique14 to
the TnI': 1130-A Digital Time and .Fre4uellcy
.\tetcr is shown in Figure 12. The unit is a com
bination deeade which ean either count in the
normal fashion at frequencies in excess of 20 kr·;
or, alternatively, which can store binary data
and present it as a decimal number when these
data arc read in from other General Radio
standard 1-2-4-2 coded decimal eounting unit,s.

When the counter is llsed for' continuous dis
play of information, the eight dcu's are broken
~nto two .groups of four each. This is done by
mterrupt:lng the earry pulse betwcen the fourth
and the fifth deu's. (This fifth dCll is the hrst
('9mbination unit.) The timing diag;mm of
I'lgure 12 sho\\'s the sequellee of events after 11

counting intervaL This sequence is initiated by
the closing of the main gate and ended 1000 }lsec
later when t,he decimal counting units arc reset
to zero.

During this time interval:
J. 'rhe storage units are set to zcro, erasing

the old data" from the last counting interval.
2. After a 100-}lsee interval to im;ure that the

storage units arc at equilibrium,
3. A transfer command pulse is generated on

tb~ I.'transfer" bus lasting for 500 Msee. During
t~IS lllterval, any binary 1 in a counting decade
w111 cause the transfer lamp (V9 through V12)
to ionize. The resulting pulse will set the
equivalent storage flip-flop to the 1 stale.

4. 150 }lsec after the termination of the
transfer command, the dell's are reset to zero
and the new eounting cycle can be started.

'Vhen they ionize, the neon lamps themselves

provide pubes whi('h transFer data to the slor'
age units, so that the isolating resistors between
the counting and stomge ullits can have very
!lig~ valucs. Since the neon lamps, when not
~ol1l;r.ed, have very small capa('it.ance, the eount
1l1g and storage units operate independently
and no ('omplex s,,,itching is required.

At the neon-lamp junctions, the logical 0 and
1 levels From the counting decade provide ±50
volts across the bulb \\·hi('h is not to ionize and
150 volts a('ross the lamp which must ionize for
a 1 transfer. These levels insure that unseleeted
neon lamps can be llsed with no danger of fulse
trynsfer or failure to transfer. We have pro
Vided it complex, and heretofore unobtainable
function in the combination counting storag~
decade, by lIsing onl.\' four inexpensive neon
lamps, eight resistors, and eight ea,pacit.ors.

Progrtlm

Figure 13 is a block diagram of the program
control system used in the GR Counter.

Let us assume that the sequence begins with
a reset pulse from the Reset Generator. The
reset pulse sets all the Decimal-Counting Units
and the Pl'Ogram-Conlrol Decade to zero and
sets the.!'dain Gate Flip-Flop and the Program
Gate Fhp-Flop to zero, closing the -:\llain Gate,
the Program Gate, the Diode Gate, and the
Timc Gale. Since the Time Gate is dosed clock
pulses from the Time Base cannot activdte Lhe
:\tIain Gate Flip-Flop and the trigger pulses
from the Input Circuits cannot enter t,he
Decimal Counting Units.

l'patcnt PcndiTlJ.!:.
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The reset. pulse .\lso triggers the Reset Delay
Cenerator, which produccs a pulse .JOO }.lSC('

bter :\!ld sets the Program Ollie Flip-f<"!op to
the "1" sta.tc, opening the Program Gatc and
partially completing the Diode Gate. The Tinw
O:lie is still dosed, but pulses from the Time
bwe ean pass to the Progmm-Control Dc(·ade.
The first Time-B:u;c pulse advH.l1('PS the state of
the decade to "I", which ('ompletes the Diode
Gate and callses the Time Gate 10 open. The
lIext Time-B:l.'':!(· pulse, the sC('oncl, passes
throngh the Time Gate and complements the
l\l:1in Gale Flip-Flop to "I", whieh opens the
:\I:lin G:ltc and :lIlow5 pulses from the Input
Cirellits to enter the Decim:'ll-Countin,l!; (;nit8.
The set'oml Time-Base pulse al.\'o advances the
skltc of the Program-Control De('ade to "2;'
which disables the Diode Gates and closes the
Time Gate f'0 that the following Time-B:'lse
pulses {"annat I'lo:-e the .\I:lin Gate. The .\Inill
Gnte r'emains open while the Time~Base pul:;:es
continue to advlllwc the slate of the Program
Conlrol Decade. When the dceade ren('hes "I"
again, the Diode Gnte is again (,ll1thled and the
Tinw Gatc is opened, :l.lIo\\"ing t,h(' ne'l:t Timc
Base pulse, the eleventh, to l)a88 through and
complement the .\i:lin Gate :lip-Flop to "0,"
dosing the .\Iain Gate. Pulses from the Input
Cirellit have b(''C1l allowed to paSo') through the
.\1:'lin Gate into the Decimal ('ounting units for
exu<'tl~' ten Time-I.bse pulse intervals.

TIl(' dosing of the :\luin Gate at the end of
the measuremenl intervnl sel-.. th(' Program
C:.lte Flil>-Flop to "0" ,md loeks out the Pro
gr:lm G:1te, Diode Clate, :.lIld Time Gate so that
the n{X'imal-('ollntin~ Cnits ('un display their
:H'eumulated COllnt. If the Intennit.tpnt displa.v
mode is used, the i\lain Gate (·losing also trig-

MAY, 1961

gers the Disph,y-Interval Gener:ltor. At thc
end of the desired 0.1- to IO-second display timc
t he Reset Generator is triggered, producing a
resct pulse whic·h begins the cyele again.

If the Continuous disphl~' mode is used, the
I)ispb~' Tnlerv,,1 is disabled and Ihe :\Iain Gate
elosing triggers the Transfer Unit. This unit
e/1uses the cOllnt aecumubted in the fOllr count
ing decades to he transferred to t.he four st.orage
de(·ades. After a I-m8ec interval, generated hy
Ill(' Transfer Delay, lhe Resel Generator is
triggered and the cyde hegins again. The
measurement ('y('le Cll.n be stopped and started
again at any point by the .\lamwl Reset, which
is ('ontrolled by the front-panl'! Reset switch.

For IO-Period measurements, jlH' roles of the
Input Cin'uits :'lnd Time Base arc reversed so
th~1t the .\Inin Glite remains open for ten input
intervals while Time-Base pulses :.Ire registered
in the Deeimal-Collnting Cnits.

The 118(' of the Program-ConI rol Deeade in
the s~'stem provides three advantages:

I. To ohtnin a IO-second me/1.SUnlment inter
val the lowest speed Time-Base dividpl' operates
at I eps mther than 0.1 ('p8.

2. Ten-Period measurements nrc easily made.
3. The dead time bel\,-een meusurements is

dcerem;ed to two-tenths of :.1 mC';lSllrement
interval.

For single-period und tirll<,.... intcrval mC:lsurc
ment$, the Program Gate, Program-Control
Def'ade, and Diode G~lte ure removNl from the
system, and the Time Gatc operates under the
dircet control of the Program Gate Flip-Flop
or the Input Cireuits. The system effieieney is
then redu('cd to 50%, a measurement lwing
madc during every other interval at best.

Figure 13. Block diagram of the Digital Time and Frequency MeIer
for frequency and lO_period measurement.

COUNTING DECADES

--------.J'--1 TlUE ' __-'=t==j~I GATE ~ RESET
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Drive Sources

The time base of the TYPE 1130-A
Counter is designed to operate from a
5-:\[0 source. To suit a ,,-ide variety of
requirements, several drive sources are
uyuilable as optional units which can he
plugged into the rear of the counter. 'The
TYPE 1130-P2 Oscillator /Multiplier al
lows operation from external sources of
100 kc, 1 1\10, or 5 IVfc, 01' fl'Om an in
ternal 5-Mc oscillator. The interna\
oscillator circuit usc:; 11 room-tempera
ture quartz crystal of exceptional char
acLcrititicsla ,,·jth a. short-term stability
of about 1/108 per minute and an aging
rate of about 2/10; per week. The
multiplier circuit uses 110\-01 techniques
dC\·eloped especially for this applica
lion. 16

The TYI'>; 1130-1'3 Oscillator con
tains the oscillatol' portion of the TYPI~

1130-1'2 Oscillator /Multipliel' and is
recommended fol' those a.pplications
where part-per-million accuraey i~ suf
ficient.

The Tn>; 1130-1'~Precision Oscillat.or
i~ <1 tiolid-state device containing a 5--:VIe
fundamental-mode crY::ital. 'The cryst,al
and thc oscilht.tor circuit arc enclosed in
a proportional-control ovcn. 1'his oscil
lator displays a short-term stability of
about 1/109 pCI' minute atld an aging
ratc of about 5/108 PCI' \\"cck. The timc
htl~e drive sources mentioned will be
de:scribed in further detail in a forth
coming issue of the Experim.enler.

rr extreme preci::iion i~ required, the
counter can be operated from a standard
frequcncy oscillator such as the rryp~

1113-A,17 using a TYPI:: 1130-Pl Time
Base Unit or any of the olles mentioned
above.

nn. W. Frank, H. P. Strnwmeyer, "A Time/Frequency
Calibrator of Impro\·{.'I! Sblbility," General Rw.Uo
B....I'CrlIl/C'I(er. October, HI59,

Time-Base Dividers

The divider circuits arc of the proven
multi,·ibrator type. The low-frequcncy
dividers use high-valued, plate-load 1'0

:sistors to insure "hard bottoming" and
rninirnize the eft'ect of variations in tube
characteristics,lS T'he high-frequency, 5
Me La 1-1\1[c multivibr!:Ltol' uses n, frame
grid doublc triode in a circuit well sta
bilized by currcnt feedback." A 100%
ill(jl'case in the plaLe resistance causes
only a. 5% change in the free-running
fl'cquen(jy of the multivibrators. Bc
cause of the ex('eptional st.ability of thcse
circuits, no periodic adju!-'tments nre
required.

Time-Base Monitor

If the 5-11c time-base drive signal is
101.b:scnt, the di,"ider chain ",ill operate at
a frequency error of about 5%. Similarly,
if a failure should occur anywhere in the
time base, the I-cps multivibrator, the
last divider in the chain, will be in error.
Stwh all erl'Or, of COUI'::iC, will become
obvious if the countcr is set for self
check operation, In addition to this,
however, a monitor tircuit has been pro
"ided to indicat.e any irregularity in the
time base. The 0.5-second half period of
t he I-cps di,"ider is continuollsly com
pHl'cd ",ith a O,5-second interval, which
is independently generated by a free
running ll1ultivibratoJ' of design similar
to the di\"ider circuits. If the a.a-second
intervals differ by more than 1%, a panel
light Aashes to warn the operator, Thus
the time base is conlinuou.'ilfJ monitored
even when the cotmter is making measnre
Jlwnls.

1~1·1. T, :\'fcAlccr. "A Novel :\Icthod for Frcqucncy :\Iulti
plication," Electronic Inrlus/ricl1. AU~lI"t. If/5f/.
Il"Ncw Frequency Standard," Gelleml Radio EXl,cri
men/er. April. 1961.
!In. W, Frank, F. n. Lewis. "Th~ T~'pe 1213-C Unit
Time/Fre(IUeIlC~' Calibndor." GtJlernl Hadio EXpeTi.
melller. June. }956.
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MECHANICAL DESCRIPTION

MAY, 1961

Thc TYPE 1I30-A Digital Time and
Frequency Nleter has been designed to
facilitate both the construction of the
instrument and the occasional mainte
nance required. As mentioned above,
every vacuum-tube circuit is on an
easily removable etched-circuit board
plugged into the main structure. The
main structure is a rugged framework of
cast and machined aluminum, contain
ing the power transformer, some of the
power-supply rectificrs and filter ca
pacitors, intcl'cOllne8tion cables, plugs,
and sockets, ~ome component terminal
boards, and the front panel with its
switches and switch circuits. Fl'ont
panel switches couple automatically to
switehes on the etched boards without
set-screws or critical aligJlm(~nt. Each
etched board is securely fastened in the
inst,rument by means of a single screw.
Time-Base drive units plug into the real'
of the instrument and are held by two
panel screws.

Quiet foreed-air cooling is used to hold
the internal temperature rise to about

Figure 14. Interior view of the Type 1130-A
Digital Time and Frequency Meter. Note that the
etched-circuit boards (some shown partiolly

withdrawn) are readily accessible.

15 C above the external ambient temper
ature. 1'he ail' filter snaps out easily for
cleaning.

A view of the instrument with cabinet
removed is shown in Figure l-L

TESTING TECHNIQUES

Because of the modular construction
of the Counter, it is possihle to test each
etehed board thoroughly as a unit be
fore installation in the instrument; and
the structure itself with its power supply,
switehes, and components can be tested
alolle. In addition to Hubassembly test
ing, of course, the completed instrument
is subjected to over-all testing.

A possible difficulty caused by the
wide tolerance of the circuits to tube and
component varjation is an increase in the
probability that a wrong-vnJued com
ponent 01' a weak tube may go un-

noticed, since the circuit may still func
tion properly. To combat this possibility,
the circuits are subjected to marginal
teAting in which the supply and signal
voltages are varied over wide ranges.
The Decimal-Counting units, for ex
ample, must operate properly for a plate
supply voltage variation of ± L20 volts
about the norninal value of +300 volts,
and the Time-Base unit must operate at
half its nominal plate-supply voltage. In
addition, every instrument must operate
properly to 11.5 Me.
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'T'o increase the range of applicat iOIl

of the "r'yPE 1130-A Digital 'Time and
Frequency :.\1eter the follo\\'ing instru
ments arc anlilable;

Type 1132-A Data Printer

\ranufactured and serviced by the
Clary Corporation of Rail Gabriel,
California l and sold by CH, the TYPE

1132-A D<lta Printer prO\'ide, a per
manent printed rOCOl'd of the ]'e::;ult,~ of
l1lcnsul'cmcnt on adding-machine tape
and allows unattended mea:mremcllt::;.

The instrument all toma tically prints
ro\y:-o of b\'ch'c-digit number::; at a mte
adjustable from one print c"cry twenty
soconds to three prints pel' second. Eight
of the hyclvc digits arc obtained direct ly
from the Counter, and the 01 her four
digits may be obtained f!'Olll external
:::ourees..\ ko~rboard and print-command
hal' at the top of the instrument allolY
numbers to bc typcd manually bctWC('ll

automatic prints. An output 1'01' dri\'ing
an rB~1 summary punth is ayuilablo as
a ~pe('ial opt ion. 'rho printer is mounted
in a hench-type ('ar-:e with the lldding
ma('hine tape i~uing from the top.

Type 1134-A Oigilal-To-Analag
Converter

Berause of the internal storagc capa
bility of the continuous di:-;play of thc
Tyl'l': I L30-..-\ Digital Time and Frc
quonc.v "\lctcr, the task of graphical re
rording is \'<-l:-;tly sirnplified. The TYPE

113-l--.\ Digitlll-to-.\nalog COIl\'crtcr ac
cept:-; the four-line. 1-2--1:-2, bin£1ry-coded
d('('irnal outPlltfi of the four ~torage

decades of thc Counter and produ('cs it

dr analog output of 0.1% u('('uracy. This
accuracy spc('iflcat ion includcs thc elled

of nonlinearity, repcatability, ±JO%
linc-volt.age nLriat iOIlS, long-tcrm stabil
it.Y~ ~lI1d ambient temperal urc.::) from 0
to 50C. The Thc\'cllin equinllcnt of the
output circuit of the inst rumcnt is a
voltage SOIlI'l:e varying from 0 to -30
volts bchind a l"csi:;tanco of 30 kilohms.
'Ihi!') output will dri\'o I-rna graphi('al
rocorders with input impedallcc::i lip to
2 kilohm~. An intel'nal l00-ohm rc~ilStor

can be cOlllleded in ~hllnt \\'it h the out
put- tcrmillab to pl'O\'idc a 100-millivolt
signal/'o drivc most voltagc rc('ordcr:-:i, or
external l'e:--ititorti tall be connected to
produce other \·oltagcs. The intitrurncllt
call be :-n\'itehed to operaie from any
three, or the 1£1:;t t\\'o) cOIl:-;e('uti\'c digits
of thc COllnter di::ipla..)l, allowing a pre
('i:-;ion of recording a:; grcat a~ thaI, of I hc
Countcl' it:;elf. 'l'he anl.ilabilily of this in
stnul1cntation should incl'ea~c lhc popu
larity of graphical r('('ordillg of frC(III('lley
stability, drift, etc .. he('a\l~e of the ea~c

of intcrpretation of a graphical rc(;ord
(;olllpal'cc! with thaI of II list of printed
Illllllberti.

Type 1133-A Frequency Converter and
Video Amplifier (under development)

This in~/nullenl incrca<;e8the sensitivity
of the TYI'I·: 11:10-,1\ and i'ncrea~es lhe
frequ.t>ncy 1'angc to /)00 .lIe. 'l'hp inf.:./ru
menl provides a digital d'isplay ond can ue
operaln! either a-s a widp-uand heterodyne
converter for clean signals or a8 a 8elpdive
co/werter.for noisy wignals. 'J'he hrleror[fjn(-'
TPference signals arf dfJ''ived frmn fhe
crystal-controlled Time-Ea.")(-' drive source
of lhe Counter a1ul are just as aeeU1·ale.

- R. W. Frr.\"K

- J-T. T. ~1C,\LI':""
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SPECIFICATIONS

COUNT MEASUREMENT

Rale: Dc to 10 :\lc.
Sensitivity: 0.25 volt rlnS for sine waves, more
sensitive at low frequencies; 0.4 volt peak-to
peak for typical pulse waveforms.
Capacity: lOS counts.

GENERAL

Display: ~eon-hllnp<'0Iumns-8 digits inter
mittent, 4 digits continuous.
Display Time: Variahle, 0.1 to 10 sec, infinite,
or continuous display.
Input Impedance: I megohm shunted by.tO pf.

Input A"enuatof: x lor x 10.

Check: 10 cps, 1 kc, 100 kc, or 10 Mc can be
countfXi for I msec to 10 sec.
Monitor: Flashing lamp indicates lack of time
base drive signal or improper operation of
frequency dividers.
Input Triggering Level: Variable ±lO volts.
Input Triggering Slope: Po!?:itivc-going or
negative-going, fie or dc coupling.
External Outputs - Front Panel: GATE signal
(coincides with counting interval).

S\'NC pulses (at start of internal program
ey-cle).

OSCILLATOR STABILITIES

Shorl-7'erm Long-Term
less than 1/108 less than 2/107

per minute per week

FREQUENCY MEASUREMENT
Range: Dc to 10 !\Ic.
Senlitivity: 0.25 volt nns for sine waves, more
sensitive at low fre<luen(:ies; 0.4 volt peak-to
peak for typical puL3e waveforms.
Counting Interval: I msec to 10 sec, c.'dendi
ble bv :l1l;LTIPI.E IN'r£ltVAI. switch or external
connections.
Accuracy: ± 1 count ±time-basc-oscillntor
accuracy.

PERIOD MEASUREMENT

Range: lO....see to 101 sec - (de to 100 kc)
for single-period measurement. 330 ....see to
107 Se(' - (de to 30 kc) - for ten-period
measurement.
Sensitivity: 0.1 valL rms for sine waves; 0.3
volt peak-to-peak for typical pulse wtlveforms.
Counting Interval: I period, 10 periods, ex
tendible by .\IUI..TIPU; 1:\"I'I.;R\'AL switch or
external connections.
Counted Frequency: 10 :\'1c, 100 kc, Ike,
10 ('ps, or external (6 volts rms sine waves, or
+ JO volts peak pulses, 100 eps to JO Me).
Accuracy: ±O.l % at I volt rms for single
period measurement; better for higher voltage
level and good signal-to-noise ratio. ±0.01 %
at I volt rms for Io-period measurement;
better for higher voltage level :md good signal
to-noise ratio.

TIME-INTERVAL MEASUREMENT

Range: I....see to 107 sec.
Sensitivity: 0.3 volt peak-to-peak.
Counted Frequency: 10 Me, 100 kc, 1 kc,
10 cps, or external (6 volts rms sine waves, or
+ 10 volts peak pulses, 100 cps to 10 !vfc).
Accurocy: Dependent on slope of input signals
at illstants of triggering. For steep slopes
(e.g., pulses): ± 1 period of frequency counted
± accuracy of frequency counted.

TIME-BASE

Type
1130-P2

I 130-P3
1130-P4

1113-A
(with
1130-Pl)

less than 1/109

per minute
less than 1/1010

per minute
measured with
I see siunple

less than 5/108

per week
less than 5/1010

per day
(lO-d~lY aver
age after 60
da:vs' opera
tion)
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10 cpS to 10 l\lc (except 1 Me) standard
frequencies from gX'I' connector, depending on
settings of iIIEASUR~;iIIl~N'I', 1"IH~QU.l!:NCY, and
'l'I:\f~; controls.
External Outputs - At Rear: :\f UL'I'IPLE-IN'I'ER

VAL conneetions (terminals of l\IUI.T1PU;
IN'['EHVAL panel switch; "carry" pulse of
program-coJlt.rol decade to be eounted down by
external int.erval-multiplier circuit for CH1!:CK,
Fr1.EQUENCY, and lO-PI~RIO]) measurements).

8, four-line, binary-cnded-decimal digits
(1,2,4,2) ("0" = 185 volts, "I" = 65 volts
0.5 megohm source impedanee - minimum
load impedance 1.8 megohm).
Time·Base Drive Required: 5 Me, 1 volt nus
into 50 ohms (supplied byI130-P2, -P3, -1'4,
1113-A).
Power Input: 115/230 volts, 50-60 cps, 400
watts.
Dimensions: Width 19, height 15%, depth 19
inches (485 by 400 by 485 mm), over-all.
Weight: 85 lb. (30 kg).

ACCESSORY INSTRUMENTS
Time_Base Units (see page 16 and above for de
scription and stability ngul'cs).
Type 1130-P2 Time-Base Oscillator/Multiplier
(rear plug-in) for operation from 100 kc, J Mc,
5 i'vlc or internal 5 .\'Ic.
Type 1130-P3 5-Mc Time-Base Oscillator (rear
plug-in).
Type 1130-P4 5-Mc Precision Time·Base Oscillator
(rear plug-in).
Type 1130-P1 Coupling Unit for use with external
time ba.-:;e, such as TYPE 1113-A Standard·
Frequency Os(~illator.

Type 1132_A Data Printer

Type 1134-A Digital.to-Analog Converter fO!'
driving graphic recorder.
Type 1130·P5 Servicing Accessory -permits
operation of any of 11 printed-circuit boards
clear of rest or instrument for operational
trouble shooting.

1130-AR2

1130-AR4

1130-AM3
1130·AR3
1130-AM4

1130-AM1
1130_AR1
1130-AM2

Code Word Price
LABon $2585.00
MINDr 2585.00

LAPEL 2750,00

~lOctl.-\ 2750.00
LASSO 2670.00

MOGUL 2670.00

LUNER 2950.00

i\1l'.:T.-I,L 2950.00
LILAC 1450.00

:'IUNOR 595,00
MOTTO 595.00
.\IOLAR 30,00

(Including Type 1130_P1 Time-Base Unit) Bench Mount.
(Including Type 1130-P1 Time-Base Unit) Rack Mount.
(Including Type 1130-P2 Time·Base Oscillator/Multiplier)

Bench Mount.
(Including Type 1130·P2 Time-Base Oscillator/Multiplier)

Rack Mount.
(Including Type 1130.P3 Time·Base Oscillator) Bench Mount
(Including Type 1130·P3 Time-Base Oscillator) Rock Mount
(Including Type 1130-P4 Precision Time-Base Oscillator)

Bench Mount.
(Including Type 1130.P4 Precision Time_Base Oscillator)

RCick Mount.
1132-A DClta Printer.
1134-AM DigitCiI-to-Analog Converter (Bench Mount).
1134-AR Digitol-to-Anolog Converter (Rock Mount).
1130_P5 Servicing Accessory.

U.S. Patent;:! 2,548,457; 2.977,540; alld Patents Pending.

Type

CORRECTION

TheTYPI~; 1112-AStandard-Frequeney
l\!Iultiplier input specifications given in
the April, 1961 EXPERTNfENTER
should be corrected to read as follows:
Input: 1 volt, IOO-kc sine wave from
standard-frequency oscillator. Can also

be driven at input frequeneies of 1 l\!Ic
(1.5 volts), 2.5 Me (0.4 volt), or 5 Me
(OA volt). Will run free "ith no input
signal, but absolute frequency may be in
error by several parts per million.

General Radio Company
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A NEW lO-MICROFARAD CAPACITANCE
STANDARD

Type 1424·A
Stondard Polystyrene Decade Capacitor.

General Radio fixed c<lpucitUll(,('
,..;t:uHJard.-: arf' a\,:tiluhlr from :-;Iock. ill
n·!atj\'(:, rnagllitudC':-i of 1-2-5. from 0.01

pI' to I ~L TYI'I': 1-101 ,wei TYPE I~03

.\ir-Dje]('('trie :\foc!cl...; ('0\'('1' Hw range
frolll 0.01 pI' to 1000 pL \I'hile the TYI'I·:
\-100. ,,'jlh sih'(lrpd-mi(,:! diC'!edl'ie. \.-.1

Hnlilahle ill ntllll's fJ'OIn 1000 pf to I Ilf.

There has for '-':OI11P t i Ill<' h(,(,11 a demand
fo]' ('apaeit:l.llcC' ;o.;talldill'd."'i ha\'ill~ ,'allies
\\"('11 aho\'(=, I J,.lf. C:lrrying the silw'!'C'c!
mica .-:t:1I1dard:'i :tl)o\"(' I ilL ho\H·\·cr. i.-.:
lIot \'('ry praeti(·al. !"illC'(' the re:-;ultillg:

cap~L('ilor \\'ould he' hra,·.'". bulky, and
\"('ry eXI)(·n,,,I\"('. For 111('.-.:(' higlwr eapac'i
t :1IH'(' \'aluC':-,. polysl .'"1'('11(' dielC'f'tric offcr:-i

mallyadnllltagcs.
Rill('(' a. largp poly:-:lyl'elle capacitor

mu:-;t for prochl('tioll J'(';t.-':Oll:-; he bllill up

of many HIlUdlf'1' ('<lpa(·itol':-; paralleled,
it i:-; ypry lit/If' pxtTil Il'ouhk 10 s\\"i{eh
11w (·apacitor...; ill 011(' by Ollt-· ill~tpad of

('oll11('C'tillg them nil ,'·;olidl.\· togf'ther.
!"II lhe lle\\" '!'''PI'; 1-t2-t--.\. ~talldard

POly,"'lyrpnc Oeeaelc Capaeitor. tcn I-J.lf

capa(·itor.-: are :-iwitehecl ill t hi:-i mallllcr to
prO\'ielc not olle hut t(,l1 Ktandard'-: l 01lC

at (':teh intcgr:d minof:lrnd fraln I to 10.

En.('h of the l-,u.f eupHeilor:-; i... acC'ur:l1f'
to 0,25%, \Vhell itll !PH of lhe:-;c 11;\\'f'
l)('Cll f.iwi(chcd ill parallcl to make :l

10-,u.f lIllit, the I;t\\":-: of probability \\"ill
make' t Iw rnajority of unit:-; :1:-: <'10.";(' it:"

O.IC.~. to the Ilomin;tl 10 1l1i(Tofarac!:-'.

Residual Impedances

Tlw mo:-;t imporl;ult problem:" ill the
de....i~ll ar(' lIot so mlwh Iho...(' of pa('ka~

iug a ... of millimi7.iug lhe lllH\':lnled
I'e:-;idual iIl1pcchlll(,C:-:. Illdw'lull('e 11111:-:1
be minimized 10 k('cp Ilw naturi.11 fl"('
qU('IH'.\· of thr :-;hortcd eapaeitor low, ill

order thal- til(' capa('itor lllay bc II:-:ed
\\'il h a(·('Uri.H·Y 0\"('1' a broad freq\l('ll('y

I'allge. If l"!1(' eapaeito]' i.-.; lISPc! <It 1 '20
of it:-; natllral fn·qIH'IH'Y. the fn'qucllc'y

('ITOI' \\·ill he O.25(T{, oqllal to the aeljll:"t
nwnl ,1(,CUl'ilCy of the unit. To appn'('ial{'
thl' importallc'C' of I'(' .... i.... tallce. (,oll,....idC'r
that the reaebllwe of 10 microfarad:-=. i.ll

10 kc' i:-: I.G ohm:-i, Sill('e the di ....:-:ipat ion

faelol' of good poly:-:t.vr(,lle cilp;l('itor:-:
rarel.\' ('x(·('ed.... 0.000 I. a :-;('rie:-: l'e:-:i:4aIH'p

of O. \() milliohm \\"CHlld uouhle thc di:-:
:-;ipatioll faeror. Xatllrall.v it i .... de... imhlr
that hoth r. anel H he kept '0 1m\' that
thrir pfr('d:-; \"ill be ~malll C'ompnrcel to
ndjllstlllellt accuracy anel Lo di.-;~ipatioll

f,ll'tor, rp.... pecti\·cly.
In j'his rH-'\\' poly:"l Yl"ellC dccMle, Lhe

I'<lll~e of natural frC([lICIWics \"ith the
\rl'millab .-.:horted iK from 525 kc at 1 J.lf
to 235 kf' at 10 ,uf, ('OITC':-ipOlldillg; 10 a
~eriC:i-illdliClallce n\ll!.!;c of 01 to -t-G m,uh.
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Thc series n>"jstallcc, H, di(-ficull Lo
lllca ..~Ul'e dircetly, is Imr enough Jlol to
afTed disHipatioli fador ad\'el'sely at 1
kc" The desirable roduc,t ions of Land H
han' becn accompli;-;hcd by gellcrom; u~c

of cUl'l'cnt-Hhect cOlldudol';-;, I'ihbolllcad:-;,
~\ritch-tcl'Jllillal replication. etc. The 1'8

:-:idual :-;crie~ indudancc." \rill be fOlllld to
he c'olllpal'able to t hObc of ot hcr G H
fixed standard capa{"it()r~ a~ \\"pll a:'i to
those of the <tir-dip](,dric prC('I:-;!OIl
l'ilp<lcitol'~, e\'ell though the TYPE 142-1--A
i:-: much larger alld thc cOlHluding leads
eon:-:equently longcl'. The paralleling of
p<lth~ ihal hclp:-; to reduce the indlld
tUl('e is still morc cffcdivc in I'cdllcing
the resi,..,tanec.

Charge Storage

Onc of the most import.ant considera
tiOll:-; in allY applicahon invoh"ing dc is
the large amount of ,"lore<.l Cllcr~.v. \Vith
all capacitor.'i ~,,"itchod ill (10 mino
farads) and charged up 10 Ol(' ra.t.cd 500
\·olt..-; dc, the storcd cllcrgy i.'i 1.25 \\"al t

:-iccond.'i. Thb is lIOt only a grcat dcal of
cncrg.v at a ('ompa,ral i\'cly high \'011 agc,
bUl it will stay in the capacitor a IOllg,
10llg time, be(;<111.'ic (he lcakage rc:-;i:-;lunce
i:-; of the order of 100,000 rnegohrns,
:-;ignifYlng a t irne LOllstallt of .106 second:-;,
or 12 days. Caut ion llotic'cs arc prollli
nently engrun'd ill red 011 thc panel, and
the c\o(;k\\'i~e pO:-;itiOIl of the ~,,"itch di.-:
(;harges the capacitor throu~h a 100
kilohm rC'si~tor. Thc ~i\\"itch ~hould be
kept at 1Il(' DISCH.\IWI'; po~it"ioll c.'\(;Cpt
when Ihc capa('itor if; act ually ill Il~e.

Thi:-; \\'ill assure t hat a minimum of rc
:-;idual absorbcd cllcrg~r \\"ill rClllain ill
tlw capa('itor. Shollid it, through o\"er
~ight, be left pl~('\\"here after c1if.wharge.
the 10\\' dieleC'tri(: ahsorpl ion of poly
styrene a'-:S\lre~ that the residual ,"oltage
later acquired, a~ the ah.-:orhed charg{-'
('OIllC:'i OUI of the dielcetri(', \\"ill be small

alld lIot hazardous) although it ,,"ill not
be !wgligible ill ;~ elf: sl-ot'age application
such ll'-: all analog computer.

Rudden ('harge or discharge is potcn
t ially damaging h) thc eapacitor. til the
JJIKCH.\IWI·; s\\'iteh positioll, the discharge
current is limited, ,,"ilh a nomina.l tirne
e()ll~hnt of olle ,-:c('{)[jd. Limitation of
chaq.!;ing t'llrrcnl, is (\ccomplished by l'he
dmrgillg of (,;t('h sed ion through a spl'ie:-;
resi.--tor of 1000 ohms, \\"hi('h i:-; not in
series \\·il h t,he {'apa('i(-,ol' at any detented
~\\'i1ch PO:-iit io!1. 'rhi.-- kind of s\yitc.:hillg is
JOll(\ t ht'ollgh tIl(' agcncy of a ~eC'ond

s\\·ih·h \\'af<:'r \\"hich in...;crh:; t"lle re~i ..')to]'
b(\t \\'cell I-he :-'e('tion~ alrcady charged
(if allY) <lllCl thc .--ectioll clbollt to be
charged, d u ri 11g t he lillIe of Ira \"cr~e be
t\reell :"\\'it('h po:')itiollS. This re:-;i~t.ol'

limits lhe pcak ('UITcnt to 0.5 ampere at
full rat-cd ndt-agc ill a ('ircuit having a
t-irnc ('onstalll- of I milli:-;e('ond, \yhi('h is
fa."t cnollgh to ('old,rol ('harging cUlTcnt
rcliahly, eVCll \\'jih fa.-;t rotation of thc

switch"

Construction

The '1''1'1'1'; 1-~2-t--A Stanrbrcl Pol.v
~j'yl'ellC ])c(';tde Capacilor lI~es twcnty
O.5-/lf capacitor.__, paired to get ten l-/lf
±O.25S7,) sed ion:-;. These arc hou:..;pd in
t \\'0 :-;oldcr-~('aledbrass (;as(':') ,,"ith Tdlon
in:-i\llaled high tpnnill;t1s) the ca:-;e heing
(·omIllOll. TIH::..;e 1\\"0 case:-; and the s\\"itt'h
are lllolltl1cd 1"t) a suhpallel: \\"hit'h is
il-."l·lf in:..;uhttpd from the ll1ilill pallel.
TillIS the capacil or may hr ll.-.:ed in pit.her
a· 2- or a. 3-tenninal conncd iOIl, \\"il h 110

:-;igllifi('(j,IlL dilTel'('ll('c III capacitancc
valucs.. \ nllihl'atioll {'hart is prO\"icleci
givillg lhe adual capat'itall('e at, each of
the tell f',,"it('h po:..;itions. Di:-;:-;ipatioll
fadol' typically if' 0.0002, and insulation
rcsistall('e lOr, ohm-farads.

:i\{uch care \\"as required in thc design
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of the in;-:trument to keep :-:cric.-:: Land H
a j mallagca ble 1('\"(:-1:-:.. The excellence of
the TYPE 1-1-2-1--A in the,.::e rc~pcctR can be
full,\' exploited only if ill application the

inductance and rcsi:-;hll1CC of the ('011

ned ing means employed by the lI~er are
fi" carefully controlled.

- P. K :lIcELROY

SPECIFICATlONS

Nominal Value: 0 10 10 mierofarads, in 8t('Jl~

of 1 mil'fofarad.
Adjustment Accurocy: ±O.2f,( ~ at 1 K(',

Certiflcate:..-\ ecrtifieatc i~ sllppliC'd V;ivitll-\" Illcas
lll"pd val lies, obl,ailled hy ('omparisoll to a
pf'('('ii<.iotl heUer than ±.Ol % with workinv;
fo:;l:lndHrd~ maintained t.o all lI('('llnHT of ±.03(~

in I(\rm,; of :\BS-eenified l"(\f('I'('lH·('·slllndarJ.':i.

Siobility: Change is le"s t hall ±.05c~ per year.
Frequency: ('1l1ihralpd at 1 k('. \':lI'iation with
frequ('lw.\· down to GO ('ps i:-; l.vpie:dl.v Ies.<; lh:lll
+.02 f c. .\1 higher fl'equell('i('!<, l('rmil1<1l <-a
padt:Ill('(' ri~es :18 resonant fr('qup!le...· i~ :lp
pro:ll'lwd (::;1:'(' eurvC>l). '1'1)(' irH'f('ase ("all hc

(':ll('u!alec! from 6(: = (fY· Typie:tl ndll~

of j" MC v:iVCll in the- e:\lihralioll ('crlifit'atl'.
Voltage Recovery: L('!<~ than 0.1 (~, final, of

oriv:in:t1 elmrging voltage aftcr a ehargillg
pcriod of OIlP hour and :t 10-sceond disch:trge
through !.l rcsist:llLf'c equal lo olle ohm per
volt of charging.
Dinipation Fodor: r.es~ lhan .0003 at Ike. U,-('(;
('Ilt'ves 1'01' variation \dtll ft'(·(I1ICIH'.V.)
Temperature Coefficient: .\pproximall'ly -110
ppm !leI' dcgr{'c C.
Maximum Operating Temperature: 65 C.
Insulation Resistance: ,\pproxim:lIt·I.\' (Ill(.' millioll
ohm-farad~.

Maximum Voltage: 500 volts Il<':\k, III' 10 10 k{'.
Mounting: .\lu!l1inllm e:lhillet :lnd pam·I,
flni:-;Iwd in gra.\".
Terminals: .\ ~('par:tte v:rollud terminal i~ pro
vidcd, pcnnitling 2- or 3-h:rmirml lISC.

Dimensions: Width 8, height i 3 ,J, depth OJ/z
iueh('i'; (205 h...· 1% ".\. 2-10 mm). over-all.
Net Weight: 16 10:; pounds (i.fJ kv:L

,
~, ... 0.1

"

0' ,-'---'---,--T77hO

o _001 f---+--f---,fl/h''-j----j

",-,---,---,--",

" f--+--l-A'L1-j--1

Typical curves for Type 1424-A
Capacitors. (left) Change in
capacitance as (I funclion of
frequency. These changes are
referred to the values which the
capacitors would have if there
were neither interfacial polari
zotion nor series induclance.
The l-kc value on the plot
should be used os 0 bosis of

21'1 reference in estimoting he-

.OOII"O',----""~O,;___,,~,,-~,~o~,,-;;;;;'. q uen cy errors. (rig hi) Oi ssi po-
IOOk< tion foetor as 0 function of

frequency.

PriceC'()(!(' Word'I'!J1J(,
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A NEW FOUR-DIAL PRECISION CAPACITOR

Fixcd-\'aluc impcdall('(' standards arc
gcncrally u:"cd for maxirnum accura('y
alld shthilil-y, \\·hilc adjustablc standards
ordinarily pro"ide ('otlvclliencc and (iex
ibility at SOIlW sa('l'ificc ill stability and
a('('llracy .The lie\\" TYPI~ 1-423-A Precision
l)r('ac!c Capacitor, ho\\,c\·cr. combines
the hi~h accuracy Ilonnally af'~o('iatC'd

on I.v \\'i th fixed I refcrClH'c-t ,Vpe standard:::
\\"ith ('orn"eniellt do('ac!r ('on~trll('tioll.

\\'hi('h makcs antilablc 'Illy dcsired ndllC'
wil hill thc range of the ('<lIXLcitor. Four
individual decade capacitors \\'ithin the
('a bi net prm'ide I 1,1 10 dis('l'ete \'alllc:" of
capacitance, each kno\\'n to an a('('lIrac~'

of ±.O;1%:. Any n1111c of capaeitan('c b('-
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Type 1423·A Precision
Decode Copacitar.

'ween 100 pf and 1.111 ~f in "teps of 100
pf can bC' C':-:tahli:-:hed quickly alld easily
hy ~traig;htfol',,-arddi<ll ....:ptlillg:-i.

The IH.'''· c!C'(':lde c<lpa(·ilol' i:-: packaged
ill a :-:tallc!ard rclay-ra('k-typc ('nhiIH'1
\,·it 11 ahlrnillllnl ('nd fraIlH'~ for bcnch 11.-.:('.

.\ HC\", in-linc !"eadoul di~play:-: tlw
/"iC'ledpd ,-alll(" ill lar~p. hold lllln1her:-: for
maximum rradahility.

The (!C'('adp s\,-it('Ilf':' alld a~",:oc'iat('d

t'ap<\citor:-: an' 1ll0UlllN! ill :Ul ill:,uhlled
]l1ebll c·olllpartlll(,llt. 'Yhi(·h ill lurn j:-:

IllOtlllt('c! ill a ('OlllplPIC 111('1 a] eahilwt.
'rhi~ dOllhl('-shi('ldcd c'{)ll:-il I'Iwj iOll PI 1

:-:11 rf'S 1 ha I (';1 p:u·jj l.lIWC' n t t h(' 1('1"111 ill;\J~ is
thr .";-\111(' for (,it Iwr t Iw I hn'l'-tprmill:ll or

thc t'\"O-tl'1'I\1in:1I met hoc! of ('Ollllcction
(l'X('('pt for a ditfcr(,IH'C' of ahout olle
picofarad: :,('p helow).

'I'll(' ('Oil:'! iluC'nt ('apar·itor:, arc high
quality ...:ih·C'rC'd-llliea 1IIlit:-:, :-,imilar in
dp:-:ign :uld C"(HI:,lru('tiOlI It) tho."'e tl:-:('d ill
tlw TYPE I-IOn Standard ('ap;witor:-i. hilt
imli,-idll1l1ly ndjll:,tpl! jo ,·:t!UC':-i :-,Iig;htl.'·
]H'IO\y llomill:l1. Pn"('i:-;p fill:1! :ldjust Ill('lIt
lo lIomillal \"ldl\(" i.-.; 1l1udl' hy mCilll:-' of
sm:1I1 ill ri 1I1111i 11).( or "padding" ('<l\xwi
j-or:- \\"it hill t hp ill~l rllllH.'lIt. On thp 1\\"0
IO"'C:-il d('C,lllP;o; (100 pf ppr stcp ~Uld 1000
pf PCI' :-'tl'p). ;1lI nil' 1l'illlllH'r ('ap,H'itol' i:-i
p1'o"idpd for p:H"h of Ill<' 10 po:-,itioll:-i of
the ~,,-it(·h. TlworPlil·lllly. then. (':\('h
po:,itioll (':Ill 1)(' adju:-ited pre("i:-:e1y to
nominal ,-a I1IC'. For th(' I \\"0 hi~her dC'('
ac!e:-i (.01 ,uf per :-;tep :lnd 0.1 ,uf pC'r

step). incli"idual point adjustment i:-i
lwither pract ieal nor J1('C·C':-':-"1I"~-. ",iller
the \"cll"iatiol1:-i ill s\yil<·h ('a pl.1(·itall('(".
"'hieh may h(' sig;llifie:ll1t 011 till' lo"-er
decade:-:, i:-i llPg;lig;ihle hprp. Small (ixed
":tlllc pnddillg cap<1('itor:-" illdi\'idu:llly
:-,("lpdpd. arC' llsed 10 adjll~t f';H·h of th('
four eapaeito]"s of caeh de('ac!e to Ill('
d(':-:irC'd 101('1':\11("<:'. The air trin\Jncr:-, ;tlT

rpadily :t{'(·(...."...:ihl(' for :.;uh:.;cquC'llt re
adjll:-'tlllt'1J1 if 11 ('('('S"'::1 1'.\'. ;\lld til(' 1('1'
min,d:-; for Ihp fixpd pacldC'r:, are al.-.;o
:t{'('C's....:ihlc. ,111hOllgh :-,ollll.. ,,·hal Ie:,:.; rC':H)

ily. Thll~ thi:-i ill:-1rllllwlIt i:-i (':lpahl<, of
readjusl Ilwlll. all imporl :1111 f('atllre for
jho:,p labot":Ltoril':- hn'\"illg; f:wili1ies allel
n"f(']"('IH"l' st:\lIdarel.-.: ,-U'('llr:tte e!lough to
d('ted :.;hifls of ,·:tlll(". l{C'ndjll:-itlllPIII
:-:hould rarl'I.\". if C"pr, 1)(' IIP(·P:-:S;1I"y. sill('C'
mallY ~·e:u-:.;' ('xperi('IH'l' with :-iueh (';\
paeitor:-i illdi('alp:, a fypie;lI :.;tahility of
hetter thall ±.OI~, pC'r ypar.

The :leI u:d adju:-;tlllC'lIi :U·('lInl('.'- of t 1)('
eap:\{"itor :1:-' :-,hipped i....: lilllitpd only by
t]1<' :[('('lIral·." of 0111' o\YII "'orkil1/!; .-.:t'llld
ard:-; aile! IlH":I~llreIl1Clll, Hlld hy the fillilr
p:.lt-ipIH·e of the ted11li('iall \\'!lo make:"i 111('
hnal adjust mcnt. To allm\' for thc:,c
factor=-- and for allY p():-'sib]l~ drift \\'ij hill
the ,,·arr:llll." period. the :tdjllslmC'llt
:t('C'lInleyl i:-, (·oll:-'C'IT:tlin"I.\' mtpd :lS
±O.05c{. whi('h \"clille j...: l'l1g;r:ln..d 011

jhe panel.

II. G. Ea~lon. "~':ll1dards ,",d .\'·'·llrf\'·r.'" r.en",,,/I(tlfIiQ
f:.r peri mn,IN. :~ l. fl •.111 11C. 1'.)(00.
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The ~lb()\'(' ('OJYllllCllts <lpply. of ('0111':-;(',
to thc threp-lenninal (·olllle('lion. For
i wo-lennillalll:-:e. thc 1.0\\' terminal mll~l

he ('ollllf'('l('d to tlU' ca....:(' by Ill(' ground
ing link pI'O\·id('d. alld Ill(' capacitor
('()lInened h.\' the J-11(;H t('rmillal and all.\'
olle of til(' other four hilldillg post~, all
110\\' c0l1l1e('I('(1 10 the ras(',

The ]lCn" Tn'l'; 87--1--Q9 ,\daptor ha!-l
!){'('ll c1{'~igll('(1 10 prm'idr :1 ('ornp1ckl.v
~hieldpd Imllsit ion froll") i he standard
:~ ,-ill('h-sp<u'pcI binding: PO:-:1....: io a TYPI':

87--1- CO<lxi;d COllneclor. Thi:" adaptor

Sl'I'\"C:' 1101 ol1l~' a~ tIl(' tnul:,itioll 10

Terminal Arrangement

Tlw terminals hayc 1)('('11 :uT:lngpu to
fueilitatc eOllllcelioll In a ,":triply of
way..:. 'The lll(;li and I~O\r tl'l'lllina.l:.; arc
\,"idely ~('IX\J':Lj cu Oil 11](' pUllcl :-:0 that
ordilli\I'Y \lll~hicldcd IC;ld~ nlHy be used,
prm"iucu the circuit to which the ca
pacitor i;-; ('OllllPded \,"ill tolerate ~uch a

method of (·OIlIlCdioll. .\ IX111' of
g:rounded hinding: po;-;ts. each :~ _I ill('h

from all il1:->ulaled hindillg po:-:t. allo,,":-i

lise of tahl('s !crminatpd ill Tn>t..; 27-1
I)0Ilb1(' Plugs. ('omplel (' :-:hipldillg of
binding posb :l:-' \\'ell as of I{'ad~ (;<lll be
uc(,olllplislwc! by the ll:-;e of a Tn'I';
27-1--1\ I\" Phi('lded Plug ('OIlIICC!Ot'. .\

fifth binding post. ('Otlll(..,(,tcd to tilt,

pane!. 1'<.\('llil:1IC':-; (,ol1l1('('lioll to c"tel'llal
ground \\ hCI1 the TYPE 27-1-:\ I\: ('011

11('('101' i~ u:-:cd,

- I. C:, I~.-\ 5'1'0:\

Type 874·09 Adoptor on Ihe ponel of Ihe Typl!
1423 Copocitor,

eoaxial :,y~l ('111:-:. but al:-:o pn)\'ide:-: I he

fixpd g:l'OIlH't r,\'~ llPOll whieh t 11(' 1\n,
tNmilwl (,;llihralioll i:-: ha:-:ed. AlthOllgh

Ill(' illl el'lwl :-:hipltlillg: of 11)(' ('ap;lcitlJl' is
('ol11plele, til(' Ilr(:H himlillg po:-;I cxtenl:d

to tlw p~111('1 has a snlnll ('apH('it:lll(,(' 10

gl'OlIllCI. Tlw ('apa('il:lll('(' a....; ,1 1\\'0·

terminal <.!P\·j('(' difTe]':-: from the I hn'('

IC'rmill;d (':lpa('it~\I1('f' hy <lpproxill1al('I~'

Ihi:" eap:l<'it;lIH'C', aholll 011(' pi('of.lrad.
Thi:-: IH'\\" ill:.t 1'l11l1f'lIt i....: l.1 \'el'Y flexihle

;ll1d \"('1':-:111 ill' tool for (',dihmt ion bl>o
ra t ()riC's ;t11d for prodll('t iOIl-lille lIlC';.l...:llr('

1ll(,lIh. \"ilh lhe TYPE \()O:>-.\ Illlprd
all('C C'olllp:lrat01", for ill:-:taJ1('e 1 it forJl):-i
:1 (,olllple1(> ('ap:\('itaIH'(' 1llf':lslIring; a:-;

.-.:embl~r, ('apnhle of r:lpid. highly Hr'

('umtp (·ompnriSOll:-i.
With Ill(' 11('\\' THI'; 1121-.\ Sta"dard

J)('(':lU(, ('ap;l<'itor pxt(,lldillj.!; 1he rall~(' 10

10 iiI', :1I}(! jJlf' 11('\\' TYPE 1-1223 I're('i:-:ioll
.\djll:,tahll' C'ap;l('itor:-i anlilahle ill Ihe

r;\1lgl' h('IO\\' 100 pC I he (; H Iill(' of

('<.lpaeit<.uH·e sl ;tildaI'd....; ('all prO\'idc \"l'r,V
aC{,lll"alely and ('om·cHienll.\' :IllY ndll('
of cap:witall<'<' from :1 fr:lction of a
picofarad I () 10 ,ul'.

'.1. F. 11(',.,.,], ... \ Clo"(' l-ook t.t C"nll('(·ti"n Error", in
C"rm..it:l,l('l' .'I("I."ut(·m("nt~,·· (;r"rr,,1 /("'/'" EIl'eri"",,·
I.-r, :n.•..Iul)·. I!l;'!l.
''1'0 1)0(' d, ..... ril)o(·d in a forlh ..ol11illJ! il<.~lll· of Ih.. E.r/Jf;rl,
","nl'-r (abo;lI Cat "I,,;: Q).

Schematic dia.
gram af the Type
1423-A Prechian
Decode Coptldtot

LOOHIGH

,J L----:t:JJ-----~l
I ' I
I 0.1111 O.luf I I
L ==- -.J

SPECIFICATIONS

Nominol Volues: 100 pf to \,111 pf in :'il('p~ of
Ifl(l pf.
Accuracy of Adiustment: ±.O,")( ( :11 1 \.;('. (·:di
hl':l1t'd ill t!Jp t hl'('l'-It'l'lllill:t1 eOlllt('t"l i011

ll:-:il1l! TYl'~; S71-Qfl .\d:lpIOl':'i (1-lllpplipt!l, TWII·
11'l"rnill:d \,OIllU'I'tioll (l11:ull' \,,' ill~('rlillj!; lilt,
(';Ip:lf·itor iUlu TYPE ~7.1-Q!I· ,\daplur) :ldd/i
alJOlil ! .:l pf 10 I·(·:ldillg.
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Certificate: .-\ ('ertifi('ate is supplied ecrtif.dllg
that ea('h component ('apaeitor \\"as adjusted
by eompariHon to a prC'{'ision fwtter than
±.01 (~ lI"ith working standards maintained to
an ac('ume\, of ±.02% ill terms of );I~S-('erti

fled l"i'feretice standards.
Dissipation Factor

f) /lot greater Ihan C range
.001 .100 pf to 1000 pf
.000.5 1100 pf to 2000 pf
.0003 2100 pf to 1.1110,uf

Temperature Coefficient of Capacitance: Approxi
mat(-'l~' +35 ppm 1)('1' de~nle CClltigrade he
tween 10 and 50 de~recs C,

Insulation Resistance: (:reater thall 50,000 rUn

'I'ype

to 0.1 pf Hilt! ~l"(-'a'er 1han fi,OOO .\111 from 0.1 .uf
to 1.11 1 .uf.
C.:Jlibration Frequency: 1 ke.
Frequency Characteristic: The hehnvior of e:H·h
illdividual capa('ilor i~ similar to that of a Tyl'~;

1-109 Capacitor.
Maximum Voltage: bOO volts peak, lip to [0 kc.
Accessories Supplied: '1'\\'0 TYPE 874-Q9 .\dap
tors.
Mounting; Alllmillll1n relay-nH'k-st \'le ('allinet
ill gnty, sllpplied with met,al encl" fnllncs for
benl'h mOlilltin).!;.
Dimensions: \ridth 19, heig:ht 7, depth 1)%
inche" (485 by 180 by 250 mm), over-all.
Net Weight: 20 pounds (\l.8 k~).

Codf' Word

1423-A Precision Decode Copocitor. $695.00

A FOUR-DIAL POLYSTYRENE
DECADE CAPACITOR

III addition to the two decade capac
it"trIce ~tal\dal'd.":i already do~(;]'ibed ill
this is:-;ue, a nc\\" four-dial poly~tYl'enc

decude capacitor, TYl'E: 1-.\.19-13, has heen
addcd to Ollt' li~iing and is 1l0\\" ava.ilable
from stock. The IlC\\' decade i:-:i ...,imilal' to
t1lC poptllat' TYPE 1-+19-A, a thl'o('-dial
decade a.nnounced about five ycat'fi ago,
c'\('ept for the addition of a lOO-pf-pol'
:-;tPp dC('ado, TYPE 980-D,

SPECIFICATIONS
Capacitance: 1.1110 ,uf rn,1ximum, ill ::;t{'p"~ of
.000 I "f.
Dielectric: Polystyrene ('l'YPE 980~.·\, -B, -C,
and -D Decade CaplH'itor L·llits).
Zero Capacitonce: ,50 ]Jf, two-ll'rmillal; 20 pf,
t hl'ee-terminflL
Accuracy: Capur'itall('e inl'rements from zero
positioll arc within the fo[lo\\'illg pcn'Clltages
of t!l(' indicated valuf' for !lily setting: (2-ter
minal) ±l% on three Ilig:heHt deeades and
±(l I~ +2 pO on the smilliest dC('ade; (3-ter
minal) ±1 % on (,\\0 highe::;t deeades, ± 1.5%

T!lpf'

011 the .001-,uf-per-stcp demde, and + 1(~,
-(2(1c + 4 pf) on the smllll('~t, decadc.
Dissipatio~ Faclor: I,ess than .0002 at 1 "e.
Insulolion Resistonce: 10(~ ohms at 100 v, 23 C,
50% lU I.
Temperoture Coefficient of Copacitonce: -1<10
ppm per degn'e Centigl"flde, nominal.
Moximum Operoting Temperoture: (;5 C.

Moximum Operating Voltoge: .500 volts, tI(· ut'
peak, lip to 10 k('.
Frequency Choracteristic: Similar 10 those for
the Tyl'~; 080 1)e('ll([e CHpa('itor l;nit~ (!Owe
r'alalo~), modified II.\" the additional illdut't:llll'('
:lll(l rc...,i~lalH'(' of Ill(' llOx I('rmillals ami wirinj2;.
Rotio of DC Cap:lcitance to l·kc C::Ipacitonce:
Less thfln LOOL.
Voltoge Recovery: I,e,.," tll111\ 0.1 Ie, final, of'
ori~illal ('hargill,!.!; voltage :lfkr 11 ('harging
ppriod of olle hOllr and a 10-se('ond discharge
throlll!:h 1\ rc"i"tillll'e eqUid 100111.' ohm per volt
of ('barging.
Terminols: Thrce TYPE \)38 Binding Post.s with
grollnding; lillk.
Mounting: ..-\lumillilm panel nnd eabinc>t.
Dimensions: Widt.h 4>{, l('n~th 16>{, Iwight
5 iUl'lte,.; (110 by -1-15 by 130 mm), over-all.
Net Weight: 8 3

8 pound" (3.8 kg).

Cwle Wont

1419-B I Decode Capacitor.

General Radio

BI';FIT

Company

$262.00
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Figure 1. Panel view af the Type 1232-A
Tuned Amplifier and Null Detector.

A TUNED AMPLIFIER AND NULL DETECTOR
WITH ONE-MICROVOLT SENSITIVITY

'The TYPE 1232-A I'f'uned Amplifier
and ::\ull Detector is a sen~iti\"e, 100y

noise, transi-;t:ol' ampliliel', \yhieh tunes
continuously horn 20 cps to 20 kc, \yith
additional fixed-tuned frcquC'ncics of
50-ke and LOO-k('. It is intended pri
rnal'ily as a bridge detector but has
mallY othcr important uscs, among
them the dctcct iOIl of high-frequency
modulated signals (\\"ith a (;l'ysh.d de
modulator), appmxirnatc \YDXe analy.<;;is
at audio frcquen{'ies, and as a prcam
plifier for transducers.

The outstanding ehuructeristies of this
instrumcnt - onc-microvolt sen~itivity,

1m\" Iloi:-;e Im"el, and continuous tuning
result fl'Orn unusual fcatures of eircuit
design.

CIRCUIT

Preamplifier

Of the clements shO\yn in the block
diagn.llYI of Figure 2, the preamplifier is

one of the most important, because the
minimum dctectable ~ignal is detcrmined
by the prearnplifier nOlSC Icycl. The
type of transistor for the first stage
\YUS dlOsen to minimil':c lIoisc, not only
from lo\y impedance sources sllch as
inductance bridges n.t Imy frequencies,
but also from high impedulH:e sourees
sueh as eapacity bridgcs at 10\\" fre
quencies. III the light of simplified noise
theory], this means a transistor \\"ith a
low open-tireuit noise p;cncratol', ill' as
wcll as 10\\" short-circuit noise p;cneratol'.
e". After noise diagrams \\"el"e plotted
for many transistors, it \\"as dif':cO\"cred
that the 2~1()9.-\ transistor whcn oper
ated at n:ry )m\' collector current
had a noise figure of 3 to 5 db at an
optinwm source imped:Ulce of 50 kilo
ohms, \\"hich is unusually high for a

'.-\. E. Sanderson and B" G. Fulks. "A Simplified .'Joi~e

Thf'ol";'". :llld its .-\ppJication to the De~ign of T.()\\"-:'\'oise
.-\lIlplifiers," IffE TriJn~"di()ns on Audio, Jul,\"-.\\l~l1st,

WGI.
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trall<;:,i.-:tor. By u:-:c of llcg:lti\'c fccuback
the input impcd;uH'C of the pl'c:nnplificl'
i.-: al:-,o made 50 kilolllll'-:. and the Iloi:'ic

len'l ;\=-- read 011 j he out Pllt meter is
relat i\"cly COIl.-:t'lIll ;Hld independent of
the '-:OIIlTC impedance. Thi;-; eliminates
the iIH'onH'lIicllC'c of h;l\"illg the output
meter hang; ofT :"e:dc WhCllC\'(:'1' the input
circuit i.-: open ('jrtuitcd. a:-; often h:lP
pell:' wit h \"tH.:uum-t uhc amplifier:,. III
addition. allY large difTcrcll('c hetween
thl' :-:horl-('ir('uit und 0pcll-tirtuit noi.-:e
10\'01::; would rcquire incl"ca.-:cd range on
the gain tOil 11'011 :-:ilH'c it i.-: ah\·ay.-: Ileees

!':ll'y to operate \,"ilh the lIoi.-:c len:-I \\'ell
helm\' full-'-:l'alc Olltput 011 the meter.

To proted the input tran.-:i.-:tor from
po~:-:.ible damage due to large oycrloads
at thc input, it i:-: preceded by <1 limiter
cOII:-:isl ing of ;,L ~Cl'ics capacitor and byo
~hllllt :-:ili<:on 1'('('1 ificr diodes. This cir
cuit elTect i,·cly prc\'ents sigllals greater
than J ,'all, pe:lk-io-peak, from reaching
the input trallsistor and docs not COll
i ri bu tC lIoi!'e or di,-it ort ion 10 lo\y-Icycl
signals. \Vit h i he gain control set, for
1 J..I.V full ~('alc, it it> possible to connect
i he input. to a 11.3-Yo1L ac line \yithout
d~lIllnge to 1he input t n1nsistor.

\(aximUIYI gain of the preamplifier is
abollt -1-0 db, which is adequate tos\yamp
the 1loi...;e of :-:u('ceeding stages. The total
range of the \"olume control is 120 db,
whi('h rcdut'e:-: the full-scale sen:-;iti\·ity
to I n)1l full :-:calc, and attclluation in
db is roughly proportional to the rotation
anglc of the gain control.

4

Series and Shunt Filters

After prcamplification, the signal
pas:-:C:-i through a sct of series :lnd shunt
filters, \rhich arc de~igned to rejed
frequellcies abm'e and beIO\'· the selected
tuning rungc. For example, on the 200
cps-to-2-kc tuning range, a series capaci
tor rC'jecl~ ~dl frequclI('ies belo\\' 200 cp:-:,
\yhile a. shunt capacitor rejeds all fro-
<lucllcie~ abO\·c 2 kc. On all :-:'Yiteh po~i

tion:-- cx('cpt FL.\'!' nnd 20-200 cp;.;, all
ot her rcjcet ion filter reduc.:es the respon:-:e
at 00 cps to grcater than GO db belo\\'
peak I'c;.;poll:::;e.

Frequency-Selective Amplifier

Thi;o; amplifier cOIl~ists of three stage:-:
\\'ith ncgati,'c feedback lhrough a nllll
net\\·ork, \\'hieh ha;o; its Hull at the de:-;irpd
operat iug frcquclicy. Since there I:'

neg;ai i\'c feedback at all frequencies hilt

the de:-:il'cd 011C, t he oYer-ail l'espol1:-'t'
peaks at this frcquency and is roughl.v
equi\'tdclIt to that of a tuned eircuit \\-itlt
a Q of about 20 (5% band\yidlh). 'I'll('
unique feat uro of this null net\nlrk i:-; ih
one-pot tlliling;~. -:\'[l1ny 1lull IH't\\"ork:-;
require t.hroc variable clements, either
ganged capacitors 01' ganged potelltiOIl1
eter:o;. Thi."i leads to mUIlY problems ill
alignment and tracking the three cle
menI:-; to maintain a goocillulL The IIaU
nullllet \York~ has ~L perfect 1lull ill 1heory
for uny po~ilion of the tuning potentiom
etcI'. and it is pos:-:ible to em·cr a. 10: 1
1l1enn" 1'. 11:\11. I Nt: 1'rlllu'lctiolll' Qtl Cirellit T/,e'"!I.
&>pu~;"Ix'r Hl.';'. \·01. CT-:!. :\"0. :J. p 2S:~. Sec :\I.so thl'
Uri ide on llal:C ~ of Ihis iSO'uc.

LIMITER

INPUT ....-If-,--1

GAIN FILTER TUNING

OUTPt.lT

Figure 2. Block schematic af the null detector.
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Figure 3. Typical filler chClrl,1cferistics.

tuning range with a 40-db exponential
potentiometer. Tuning capacitors arc
switched to change ranges, which has the
advantage of maintaining the impedance
le\·el of the null network approximately
constant for the three tuning ranges.

Since the 50-kc and 100-kc null net
works are not required to be tunablc,
cOll\'cntional twin-T null net\\'orks are
used.

On the FLAT position of the range
switch, all filters arc switched out and
the frequency response is flat to \\"ithin
±3 db from 20 cps to 100 kc. The over
all gain of tbe amplifier is reduced by 26
db to keep the noise level on the output
meter equal to about 10% of full scale
at maximum gain.

Amplifier-Compressor

The gain of the frequency selective
amplifier is about 40 db, and another 40
db of gain is supplied by the amplifier'
compressor, mak.ing the total gain of the
amplifier ahout 120 db. Wilh the ""TEn
s\\"jtch set to the LH\EAIl position, the
amplifier-compressor functions as a lin
ear amplifier, driving the meter rect.ificr
circuit as well as supplying the output.
terminals with about 1.4 volts for full
scale deflection of the meter. The de sup
plied to the last transistor is sufficient to
drive the output meter to full scale, but
very little more, so that it is impossible

JULY, 1961 ~

to damage the meter by overdriving the
amplifier. For null detector use, the
meter switch is thrown to LOG and the
upper part of tho meter scale is com
pressed. '1'wo pairs of silicon diodes are
s\\ itched in shunt \\ ith the collector re
sistors of two transistors to prO\"ide a
nonlinear collector impedance. Due to
the voltage offset of lhe silicon diodes.
the bottom 20% of the meter scale is
virtually unaffected. A signal level cor
responding to 100% deflection for linear
rcsponse will drop to 50% for logarith
mic response. An increase of 20 db
incrcases the rcading to 80%, and
another 20 db raises lhe reading to
100%. Thus the dynamie range of the
instrument for logarithmic operation is
about 40 db greater than it is for linear,
although the minimum delectable signal
is thc same.

Meter Circuit

The meter circuit uses a full-wave
rectifier in order to double the ripple
frequency that passes through lhe meler
and thus to prevent thc needle from
\'ibrating visibly at 20 cps. Resistors
are used in place of two of the recti fiel's
in the conventional full-wa\"e bridge in
order to linearize the relation bet\yeen
meter indication and signal le\"el, and
to minimize distortion. 1\0 dc amplifi
cation was incorporated into the metol'
circuit, so that there is no need for a
dc zero adjustment on the front panel
and no possibility of dc zero instability"
] Iigh-impedance, crystal-type earphones
can be connected to the output terminals.

External Filter

External filters can be connected at
the eXT FIL'l'ER jack. \Vhcn a telephone
plug is inserted in this jack, the built-in
shunt filter is disconnected. 'The external
filter may bc cither a series tuned circuit
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to trap out an undesired frequency, or an
anti resonant parallel tuned circuit to
enhance the selecti\'ity at the desired
frequency, For the purpose of calculating
the Q of the external filter, the source
impedance is about 700 ohms, Since the
external filter is plugged into the circuit
at a point beyond the 60-cycle rejection
filter and where there is 80 db gain to
the meter circuit, it is important tha.t the
external filter be shielded and preferably
that it usc a toroidal inductor for
minimum sensitivity to hum pickup.

USES

The high sensitivity, low noise level,
a.nd continuous-tuning featur'es of this
instrument foster a wide variety of uses.

Figures 3, 4, 5, and 6 show the selec
tivity, response and noise characteristics
as functions of frequency.

Bridge Balancing

The above combination of features
makes possible extremely precise bridge
settiugs, even with very low-power gen
erators, at any frequency in the audio
range. Provision for logarithmic re
sponse makes adjustments of generator
level unnecessary. The new General
Hadio meter case, with open, easily
read scale, further facilitates the bridge
balance,

With the TYPE 1632-A Inductance
Bridge, this null detector makes possible

inductance balances to a resolution of I
part in 106 • An equivalent precision for
capacitance balance can be obtained with
the TypE 7lG-C Capacitance Bridge,

Detector-Demodulator

For the detection of modulated high
frequency signals, the Typg 1232-A
Amplifier and Kull Detector can be
used \\'ith the TypE 874-VQ Voltmeter
Dectector. Sensiti"ity is approximately
200 ~\' full scale up to about 2000 Mc,

Amplifier or Preamplifier

The high sensitivity of this instru
ment permits its use as a pl'camplifier
for transduccr outputs or oscilloscope
input. As a general-purpose laboratory
amplifier, it offers both selective and
flat cha.racteristics.

Audio Spectrum Analysis

The tuned amplifier can be used as an
audio-frequcncy wave analyzer with a
sensitivity of one microvolt and a band
width of about 5%. For approximate
measurements, the gain can be assumed
to bc constant with frcCIuency, but excel
lent accuracy can be obtained if the
amplifier is first calibratcd ,,·ith a con
stant-amplitude, "ariablc-frequency sig
naL

Since the range of the db scale on
the output meter is limited to 10 db, a
calibrated attenuator is necessary for
greater ranges, Wi,h the TYPE 546-C

FAECU(NCT
...

..
I I 1

" I I "-1,
,lesT ~"'"',f-'" 1/
··rL~ 1/ ti

1 I, .nr ......
_Nl.t"\Le / I

.,1 I I I I.. .. ~ .- • , ..o
~.

Figure 4. Test limits for both voltage and
current as functions of frequency.

Figure 5. Typical noise levels as a
function of frequency.
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Figure 6. Typiccll
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lVIierovoltcr, the input to the amplifier
can be increased in known steps to cover
a measurement range of 120 db.

The author has also found this ampli
fier with a microphone and a pair of
earphones, a valuable aid in tuning
his piano. ~ A. E. SANDERSON

CREDITS
The development of the TYPE 1232-A Tuned

AmpJiner and I\ull Detector was carried out
by Albert E. Sanderson, author of the fore
going article. The design of the tuned null
network was contributed by Henry P. flail,
author of the artiele starting on page 8. The
project was under the direction of R. A.
&derman. - EDl'I'OR

SPECIFICATIONS

Price

Frequency Response:

Tunable Filters: 20 cps to 20 kc in 3 ranges;
6% bandwidth; 2nd harmonic at least 34 db
down from peak, 3rd at least 40 db down; re
jection filter on two highest ranges reduces
GO-cycle level to at least GO db below peak.
Frequency dial aecuracy is ±3%.

50 kc and 100-kc Filters: 2nd harmonic at least
60 db down.

Flot Response: ±3 db 20 cps to 100 kc.
Sensitivity: One microvolt, full scale, or better,
over most of the frequency range. See Figure 4
for test limits.
Noise Level: Independent of source impedance;
see Figure 5.
Input Impedance: Approximately 50 kilohms to
one megohm, depending on gain-control setting.
Mox Input Voltage: 200 volts ac or 400 volts dc,
without damage.
Gain: 120 db on the tunable ranges; 100 db,
flat range; 106 db at 50 kc; 100 db at 100 kc
position.

'l'ype

Output: 1 volt into 10,000 ohms. Internal impe
dance is 3000 ohms.
Meter Linearity: Db differences on scale are ac
curate to ±5% for inputs of less than 0.3 volt.
External Filter: Source impedance, 700 ohms.
Compression: Reduces full-scale sensitivity by
40 db. Does not affect bottom 20% of scale.
Distortion: (In flat position) less than 5%,
practically all attributable to the meter recti
fiers.
Power Supply: 12 volts dc, from 9 mercury
(1\-f72) cells in series. Estim:1ted battery life is
1500 hours. Cost is about 0.4 cent per hour.
Transistor Complement: Six 2N 169A, two
2N1305.
Accessaries Supplied: TYPE 874-R34 Patch Cord.

Dimensions: Width 8, height G, depth 7!1 inches
(205 by 150 by 190 mm) over-all.
Net Weight: 5% pounds (2.6 kg).

Code Word

1232-A Tuned Amplifier and Null Detector.
480-P308 Relay-Rack Panel Extensions (Pair) ..

U.S Patents 2.548,457 and D187,740.

VACATION CLOSING

VOCAL I $360.00
EXPANELDOG 7.00 Pair

During the weeks of July 24 and 31,
our 1\1anufacturing Departments will be
closed for vacation.

There will be business as usual in the
Sales Engineering and Commercial De
partments. Inquiries, including requests
for technical and commercial informa-

tion, will receive our usual prompt at
tention. Our Service Department re
quests that, because of absences in the
manufacturing and repair groups, sh~p

mcnts of equipment to be repaired at our
plant be scheduled to reach us after the
vacation period.
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SINGLE-COMPONENT-CONTROLLED
RC NULL CIRCUITS

The null circuit used in the TYPE
1232-A Tuned Amplifier and l\ ull De
tector is one of several RC networks that
use only one variable component to
adjust the frequency of the null. These
circuits have the advantage of avoiding
the use of ganged, variable components
which must track closely to maintain
stability ,vhen used in highly selective
feedback amplifiers.

The only single-control-element RC
null circuits known for many years were
those discovered by Sacerdote1 shown
in Figures 1 and 2. These four-terminal
bridge networks give a true null at a
frequency WQ and have tuning laws of:

1 {,,-I 1
w,= HC\}----;;- and wo~ RCV1-,,' re-

spectively, \yhere a is the normalized
value of the variable component. These
functions do not give as wide a frequency
change for a gi ven change in a as do the
Wien bridge and the twin-T with ganged

components, for which Wo '"'-'~. The first

"

formed by interchanging R's and C's in
the original two, have a tuning law
obtained from that of the first two by

b
.. 1

su StltUtlO11 of --- for a. Similar sets
1 - "

of four circuits can be formed from the
circuits of Figures 5 and 6. These cir
cuits have the same tuning laws.

These frequency bridges all have three
complex bridge arms. A simpler arrange
ment for use in feedback circuits is to
have two arms of the bridge consist of a
fixed voltage divider. The other two
arms of the bridge are formed by a
three-terminal network whose output
voltage is equal to that of the divider
at some frequ6ncy, as in the familiar

1

FIGURE I

bridge is particularly interesting, how
ever, because it gives a zero-frequency
null using components of finite value.

Clothier' and Doyle' sho,,·ed that the
Ilduals" of these circuits, Figures 3 and
4, also null and have the same frequency
characteristics. These arc not duals in
the usual sense, but are topological
duals with R's and C's interchanged.
Each pair of dual circuits has the same
tuning 1mY, and the two other circuits,

ISacerdote, AI[(~ FrCl]11Cnza. August 1934, p. 437.
'Clothier, W. IC, IRi'J Transactions on Circuit Theory,
!I'Iarch 1955, p 97.
lno~'le, E. D .. Sec Hague, AC Brid(Je Methods, 5th
Edition, page (HI.

c

,~ 2C

FIGURE J

FIGURE 5

FIGURE 4

c
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FIGURE 8
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FIGURE 9

othcr known circuits of this type are
the one used in the '!'YPJ:; 1232-A 'Tullcd
Amplifier and ~ull Detcdor and it~

duaP. This circuit, shO\Y11 111 Figure L'),

has a tuning law of Wo = , 1
RCVa(1 - a).

In order to span a 10-1'0-1 logarithmic
frerp:rnc,'" range, thc potcnt ionictcr
mu.-.:t have an exponential charactcristic
of mer 100-to-1.

The only

FIGURE 13

FIGURE 15

(I+K)(I+2K)--,-'

~~

]I"

e,
lI+K)R"'"

,

FIGURE 14

FIGURE 10

FIGURE 12

consists of thrcc-tcrminal Be circuits
that give a completc null \\"ithout being
balanced against a \·olt'agc di,"ider. The
t,,"ill-T' is thc most farniliar of this group
but is only aile of innumerable pos~iblc

net\\"orks..\ndrcyev8 discovcred a \"'ll'i<.l
tion on Ow t\\ in-T (Figurc 1-+) that gi,"cs
frequency adjllstmellt \\"ith a single
potentiometer, The tuning la,\" for this

I
circuit is Wo = __-.C~==

RCVI

SELECTIVE NETWORK

FIGURE 7

'Vien bl'idgc4,5 \\"hi(·h i~ shown in Figure
7. \Vigan li pres-cllts single-control circuits
of this type, and hi.., sirnplcst circuit is
~hO\nl ill Figure 8. l'his 0110 has a very
lIarrow Luning nlnge, but, by making it
~[ightl'y more complicated, he dCl'i\'es a
circuit that has a frequency runge from a
fixed ndue to infinity. The circuit of
Figure 9 is related to\Vigan's circuit by a
Y-6. transformation of the rcsi,'itors but
requires a potentiometer for obtaining a
,·<triable-frequency null. It has a tuning

l
la\\" of Wo = J and

RCV" + a-a'
there is a dual of this circuit using a
differential capacitor.

A no\\" nch\'ol'k, ShmYll in Figure 10
(,,"j t hits deri n1t i\"e net"'orks in Figures
11, 12, and 13), has the interesting

I ~I - af lllling law, Wo = -:--C ---, ,,"hich
R a

thcorctically bnlances for any frequency
from 0 to x as a is vnl'icd from 1 to O.
This suggc~ts its use in a \,"idc-range
O.';~illator or tuncd amplificr, Also, for
:.I 10-to-1 frcquelley rallge, it gi,"cs a
fl'cqllency ;-;cale \"ery close to the usually
dcsircd logarit hmic ~cale,

.-\nothel' class of net,,"ork, \yhich often
i...; still cusicI' to Ll:-:C ill f:.clccti\'e circuits

·\\-iell.\l., lI"iclI. An.n., ISOl, 44, tiSO.

"Field, H. F., "_-\ Hrid).("e-T~-pe Frequerle.," ?\leter",
Gl'Ilt'ro/ {(mlio /';.T/J{'ri1lIl''lIN, G, if, :\ow'lltber 11131.

'\\;).(un, E. n.. Hledl'Mlie 'l'e("/ill%'l!l. Junc, lOtiO, p, 223.

;\\". r--:. Tnt1le, "Bridged-T and I'arallel-T l\ull Circuits
fur .'!e:J.SHn·lIl(~nt~ at Hadio Fre(1u{'llCi{'s". !~ruc !HE,
.Jallwl,·.,·,I!.l-W.

'_-\ndrc.,·e\·, '1'1'/1"'(>11/11/11/1,,,"11"'1$ l\o. 2, la(;O, p. 1!l5
(Pf',"g"",on Prc.",~ T"tln._lation).
'H:dl. H. P .. I HE Tml1&<ldioll& Oil Cirel<it Theory. Septcm
lwr Ia55, p 2S3.
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For all the eil'cuits disclIssed here,
the selectivity of the transfer ,"oltage
fa t io, Eo/ Ein, is not constan t as the
null frequency is adjusted. This means
that a cOl1\"cntional selective amplifier
uHing this charactel'istie \,"ill not have
con~tant selectivity o,"e1' its range. How
c,"el', for the circuit used in the TYPE

1232-ATuned Amplifier and :\ull Detec
tor, the sclc('tiYity of the transfer
admittance, fo/E';n (or Y~l)' is quite con-

stant as the null fre~lIency is changed.
In order to use this characteristic, the
net\york must be driven by and loaded
by low impedances. Therefore, it is used
in a feedback circuit with an amplifier
hu,"ing [ow input and output imped
ances and a transfer resistance, Eo/lin,
(or a real Zl~) that is chosen to give the
desired selectidty. This combination
pl'Oyides a second harmonic rejection of
3-1 db O\-er each lO-to-l freCluency range.

- J-l. P. I-L\LL

THE NEW TYPE W30 VARIAC®

AUTOTRANSFORMERS

models incorporate the quality com
ponents and prO\'en design features now
ineluded in nIl General Radio Variac
autotransformers. These features include
a,n o,-en"oltage connection, to provide
an output voltage range from zero to
17% aboye line \"oltage, and the pat
ented DURATRAK coating process, for
longer brush-track life.

TYPE \V30 models are available in
open, cased, ganged, and rnotor-driven
aS8emblies. ,,"ith 01' \yithout ball hearings.

The ratings for the TYPES \V30 and
\V30II :::.ingle-unit models are given in
the table belO\y. Complete descriptions
and ratings for the 'J.'YPB \V30 ganged
asselYlblies may be found in the current
General Radio catalog.

For some time ,ye have felt that the
gap bet,Ycen the 20-arnpel'f', TYPl:; \V20,
and the 50-ampere, TYPE \V50, Yariac®
Autotran:::.former:::. \Y:lS too great. The user
contemplating the control of lands in the
30-ampere region 'YHS gi"en no alterna
tive but to use either a 50-ampere Ilnit or
hyo 20-amper(' unit~ in parallel. Both of
these methods being costly and in
f'ffieient, 'ye have developed the new
30-ampere llwdels, 'ryPCS \V30 and
\V20H. Theil' high-pmn~r rntings con
veniently bridge the gap hehyeen those
of the TYPES W20 and W50 models.

Sharing the farnily resemblance com
mon to all Series-W units, the TYPE \V30

iD,o ~Il ~ Fo' co••d ModOI

,.""or. \ Ponti O,jllioQ
120'~')120' F?' Soofl AM

*31 0';11>.7..,:./ 0101 Plo',
"_"'OC~~~ _MO

70.0 0'01 Plolt
t 0;0 Sh<>1!
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SPECIFICATIONS
Core Ion 01 60 cycles: 3.) watts, allmodcls.
Driving Torque: 50-100 ollll('c-illehcs, alllllodels.
Turns on Winding:

TYPES \\"30 ami \\"30:\1 181
TYl't;s \\"3011 ~lIld \\'3011:\1367

Angle of Rotation: 320°.

DC Resistance of Winding:

TYPE;,' \\'30 and \'"30:\1 0.1-1 ohm.
TYPEi' \\'3011 and \\"3011.\1 1,17 ohms.

Dial: llc\'crsihle dial, line-\"ollage se::de on one
side, overvoltage 8(':110 on reverse side; cali
brated for rated input voltage applied.

OUTPUT

l.Jine- VQUage Conlled.iQn Ol'crl'olto(Jf!
Conned/on

Corle
WONl Price

KALAL $75.00

ZABAL 75.00

'l..\BER 97.00

KALER 97.00

36

20

40

30

VilT-13
$4.00

'·BT-13
$4.00

'·IlT-14
$-1.00

'"IlT-14
S4.OO

0-280 12
0-280 0
0-280 12
0-280 I 6

0+10 30

0-140 28

30

32

15.6

15.612

12

30

283.81 0-120

3.7-1 0-2-10

120

g~ "'"
~ g ~

'" '- -:l ~•.':' ~
~ ~~ -::::.~...-:; g>~
!:-~6~~~ ;::::-::

Type -', "~ ..... ,-,,..CI':l ~~-- --_ .....-~---I-
W30 120 -1.32 0-120
(l'llt':!sed)

W30M
(Cm-:ctl)

W30H
( l"lIl":t:<ct!)

W30HM
(Ca,,,,I)

.YoU,
.1\. :\I:tXj'''lllll current can be dr/H"1l III ,,,axillllltll \'ohal:c for thc IinC-\'ohaj!:c connection onh·. K"a a.s listed = normal

input lillc \"oh(l~l' limes "'l.xi"l\lItl currellt.
B. HUH't1 curr('llt I'hould 1I0t b(' I'x<:c«Ii..'t1 for the O\'cn'oltu::;e <:onneetioll, Outl>ut k\'s ror O\'cr\"olt,l!!(' l'(lllnl"Nion

_ olltput "oltu<!c tilllCll ratcII current.

GENERAL RADIO DEMONSTRATES
TRAVELING EXHIBIT AT PARIS SEMINAR

.\l lhe ~e(;olld bicnni;,1i CCllcral Radio
O\'('1':-:C;\:-; sales alld etlglllCcnllg sernlllar,
:\ Ile\\' j ra\'Clillg
exhihit or Cell

cral Badio prod
w'!:-; \\'a5 demoll
f'll'aleu to more
t hall -to engl
11('(.'1'5 and export
f"uIC:i l'cprcscnta
ti\'cS from 16
COlllltries,

lleld in Paris
a.t j he offices and
laboratory of
]-;:tn bl isscments
Hndiopholl, Gen
eral nadia rep-

rcsclltati\'cs 1'01' France
colonics, the 8en1ln<11'

and the French
included both

The General Radio traveling exhibit is demonstrated to export sales representatives by Peter J. Macalka,
of General Radio Company.
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Iet'lure..,: and labonllor.\' \\'ork·.hop::, to
:1c{juuint the rcprc:.;cnlati,'cs ,,-jtb new
GH products and their appli{:utiolls.

The tnl\"cling exhibit will be handled
by General Radio'::) no\\' technical and
comlnclTial organizatioll. General Radio
Company Chcr:"c<.l:-i, with hcadquarter~

;tt Zurich. The exhibit is hotl:"cd in a.
:-pcC'i.l1ly equipped ).Icrtcc!c:-i Benz sta
t iOIl \\"agon. The instruments arc
mounted on ten cu~lo[Yl-huilt tables,
\\"hi(:h sLow snugly into t he wagon for
tl':\l\spol'taUon, but arc f)lIickly and
c:l .... ily removed and set lip ill cllstomers'
pl:lnt~ or other lOtal iOlls. Thi;,: 111
gC'lliOlisly designed tran:-Iillg sho\\" ,,-ill
hou;-;c O\"er 100 in:-;tl'umclll:-i, as much
equipment as call be :-;hO\\"1l in a :-;tandard
-IO-foot display booth at a (,ol1\"entional
exhihit. The O\"er-all design follo\\"s the
general pat tern of thc station-\nl.gol1
sho"':-i tha.t ha\'c been u:-:ed slIccessfully

Interior of the stCllion WClgOn, showing the tClbles
securely instCllled for Irons porting,

by General Radio for sc\'cral ycars in
lhe CIliled Slales.

Left to Hight:
:\/. C. Ilohje
P;llil F:lhrieant
D. Ii. Sill('lair (rear)
:\llIl'. Claudc :\aichoulcr
.\. Ih'r~holtz

B, .\rc,ll('r
T. T. .Joseph
.\. E. Thies."cn
II. C. P:~ri~h
I,. Kohn
l", ('I('nH'lltil
:\1. Bcrlin
C. I,:, \\"orthcn (rear)
II. :"':IJ.-\"akllru.
H. [):lll"~i~er

T. C. I,;:t~ton (rear)
C.lklot(i
.\. Lara Sacnz
C, :\Iolae (rear)
C. :\1l881ein

Gellcml Badio
Franec
GCllcral nadio
Fnuwe
Swedcn
":lIl-(land
India
Gem'ral Hadia
,\u"tralia
Fr:lrH'C
Sll"('dcll
Franec
(;('lI{'ral Badia
.Japan
f~mll'l

(;('lll'ral Badio
Ttnh"
Sp:lln
FI':\II('e
Germany

U. Binetti It:dy
P. van Gent Iioliand
P. Cornct Frarl('C
I\:. Teir Finlalld
I.. Cactt Fr~lII('e

1\:. Lindenm:lIlJl (rearj Switzerland
H, Pcd lll']g-ium
H. (,hristell~cn Denmark
.\, R. Buy::: lIollaml
K, L. :\n1111n Finland
E, I,YOIlS Eng:land
P. .\"vm:lIl Filliand
II. ..-\~ .\Iolinuri SI\'itzeriancl
,I,-T., Haberl Fr:ll]('e
p, ,J, i\la('alka Gelleral Haclio
AlBa present, hllt not in pir'fun', were:
I. :\ Ivr~('t h :\or\\'a \.
II. I{lip IJoll:\tlcl
T, 1\('t1Il\" Israel
K, l\ar:I\':trtlli,~ (;1"(0"('"

J. j\:ellcr' Switzerland

General Radio Company
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New Model Meets Both

American and Internaticnal

Standards

TYPE 1551-C SOUND-LEVEL METER
The ('hange in type Humber (TYl'E

.1551-]3 to TYPE 1551-C) dpsigllatcs two
~igllifieallt ('hanges ill the pcrfol'maJlec
of the General Ha.din Sound-Len:·1
:\Ictcr. I A new and :-;uperior minophollc
is no\\" !"upplicd, and the frequclI<,y

"-cighting charadcri:-it it':-i hu\"c \)eell

modified to ('onform to the no\," Ameri
can Standard Speeifkalioll!'i for Gencl'al
PUl'po,e Sound-Levol \[etel". (AS.\
S lA-lOG I.) \'"cithcr ehangp is ob,"iolls
at a glallC'c, since the nppcanl"ll('C of t,hc

ill'''lnlmcllt, except fot' n shift from B to
C ill the engran'd !,ypP lluillber Oil the
IXll1cl, j:-; llllC'hangNI.

IE. F. Gro",~. "Improved !'crfOrl,lallt-c Plu~:t "\(>w l.ook
for tht' l"ou1ld-J.cn'l :\[eler," Gr,u'rIIl f(,vlio E.L!JeNmf'lller.
\',,1. :~~. ~". 17, Oetobl"r I!).'-:.

NEW MICROPHONE

The TYPE 1560-P3 :\li('I'Ophollc* :-iUP

plied ,,·jth the TYPE 1551-(' SOllnd
I.('n~1 ,reter is tL PZ'l' piezoclcl'll'il'
('('ramie lype den·loped cxpres...;ly for
:-;olllld-le\'c1 meter:-;, It rcplul'es and i:-,
inlClThangcablc \,"it h t he older 'rYPE

I 5GO-P I ** Rochelle-salt aY:-ital micro
phOlIC. I t8 Chan1I'lcri:-;! il':-; approal'h 1ho:-,e
of {'olldcllser mi(,l'Ophonc;-i I'las~cd a:-
laboratory standards. Llnlike condellsC'I'
microphones, hO\\'('\'('r, the ('eramil' unit
doe.') not t'cquirc a sp(,l'ial preamplif-i<'t'
with a. high de polarizing-voltage SIIP-

*ldNltifiN! bv red in15i~n~ Oil fat...: of lI,icrophone alld
Shure Hrothc'r;; "'odel no. ':)$\0$ on nameplate.

**Idclltifil"d b," blue in~iJ!;ne 011 faloe of lllierophOIl(' lind
:-:hur<' Bro(ht.'~ model no, !)-..nH!) 011 n:\lIlcplate,
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Figure 1. Response of the Type
1560-P3 Ceramic Microphone.
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ply, alld il:-: imppdalH'p i:-: all order of

llIagnitudp 10\\"(']', ;-;0 thHt lpakag;p duC' In

hill;h humidity i:-: Ie",;.; of H pl'Ohlplll, and
it ('all he u:-;('<1 Jn01"(' 1'C':ldily at tllP Pile!

of a ("ubI<'.
:-1pn:>ml oj h('r feMu!'p", of t hi", 11(>\\'

rni('!"opho!lC' make it highly dC'",irahle for
:-:OIlIHI-lp,-p! nwt ('I" 1\:-'('.

1. Frequency Response..\:-; :-:hO\Y1! ill

Fi/.!;"urp I. the micropholle' h<1:-> a flnt
l'{':-:pon:-:c 10 ;';Olllld", of random iIH·ide!lc·C'.

Of til(' ~('n'l'al hundred n1i('roph01l('~ \\'C'

h,lH' nwa."iul'rd to dalr, all match thr
('lll'\'e ~hO\nl lo \\ilhill ±.3 dh frorn 20
e·p.... In ahO\'(' 1000 ('p~. and 1110;-.;t of tIl('
mi('l'OphollC':-: mat('h th(' ('llITr to \\'jthill
± I dh Ill' to 8000 ('1".

2. Sensitivity. The norninnl !'Pll~itiyity

i~ the :o::anw (- (i0 dh IT' 1 \'olt 1)('1'
mi('l'oklr) a~ for 'l'YPE 15GO-Pl 110chellp
!':tlt ("l''y~i:.ll micl'OphollC, \\'hi('h i:-: Ull
usually high 1'01' a finul.ll ('eramie lIlli!.

3. Temperature Coefficient of Sensi
tivity. The output nlltag:C' i:-: pra('ticall.\
(,Oll~tallt with tel11peratul"r. Our mra:-
1lI'CI11Cllt:-: indie'ate that til{' temperatlll'('
('oefficif'llt of :-:en~iti\'ity i~ approximately
-.01 dh pf'r degree Centigrade. Thi:-,
e'ompare:-: \'('r~' fuYol'ahl." ",ilh that of
l:lhoratory ~t:Llldard rni('l'Opholll'~, such
a~ tlw \VC':-;le'l'll Ele('tri(' Co. Tn'I':
(;·IO-AA,

4. Internol Impedance. Thc intel'nal
irnpf>c!<1.I1CC' of the l1e\\- mic'l'Ophol1c is
C':1.p:H'itin'. and , :dtholl~h it i~ of tilt'
;.;al11e order of rnagnitllde :IS that of til<'

Figure 2. Design centers and
limits for C-weighting charac·
teristics, as specified by Z24.3
and 51.4 (red) standards to
gether with acoustical re_
sponse of the Type 1551·C
Sound-Level Meter for

C_weighting.
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Figure 3. B.weighting speci
fications of 51.4 (red) ood old
Z24.3 standards, 51.4 stond
(lrd shown O$iUmeS design
center, C-weighting, since
51.4 characteristic for both
A· and B·weighting is speci-

fied with respect 10 C.
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Hochcllc-:-;all el'YHtal, iI. i~ lllueh 1l1O]'{'

noarly (·Ollfoltallt. The ('apaeitatlcc I:;

-175 pI' at- 25(' and \"ariCH from -1:-1-5 pI' to
SIO pI' I)ver It tempera.ture mll).!;C of 0 til

.50e. The Bo('hcllc-s,lIt unit, for ('0111

pHl'isOll, has a llo1nillal capacitance of
1100 pI', ,11. 25(;, whi"h drops to G50 pI'
<It 10 <llId 30C.

Thi:; high ~t:lhility of illlel'tlal i1l1

!JPdall('(' ]'C',-;ults ill /.!;l'catl.v impron'c!
operat ion ,dwll t hc mi{'rophone i.~ 1I;-;eu

"'ith a 101114 exlC'll:",iOlI ('able; the ('al)lp
!o:"'s 110 IOl1ger ,'ari{':'i widrl,\' as a flilldioll
of the !emp('!';\!11!'P at IIIP llli('roph()lH',

5. Directivity. Thc I1C'\' minophOlH'.
f'iJ1('r il i:-; 1he :-:am(' phy:-:icul :-:ize anc! i:-:
:-:imilar ill (,OilS! nl("t iOll, maintain..; the
).!;ood dire("li()JJa] dlaraderi:-ltil"~ of the

TypE 15(iO-I'1. l'p to 1000 ej'; Iho
ntriation ill Olltput with :lligle of :-;OllIH.I

il1('idellN' i:-; \'ery :o:mall. .\hon~ tOOO ('p:
difl'nH·t ion (·<1.II:-:C:-; 1he microphone to
I'(>spolld Il)OI'(' to :",ollllds arri\'illg Ilormal

to the diaphnl/!;m axis CO-degrees or per
!)('IHli('nlnr ill('idcIH'C') than to :-olllld~

1"1'0[11 other din'dilllls, Figurl' 1 :-:ho\\'s

the exlcllt of llw \'ariatioll ill :-lcll..-iti,'ity

as :1 fUtH.~t ion of the din'c't ion of :-lO\lllU
illcidelH'(',

6. Ruggedness. J)l':-iig;IlCd to \)(' dllr

able and d('!J('lluablc, t hil'i micropholll'
will with,,,talld, without" dUllHlgC, lelll
jJcJ'allll'(':-i of -:30 to +D5C and l'elali\'l~

humidities of 0 lo 100c;{..

CIRCUIT CHANGES

New ASA Standard

The older TYPE 1551-13 ~olllld-Len'l

~l('t<.'rl ,,'as dl'si~lled to mect the n-'

quil'elllciltsol" the thl'll ('IIITellt :-italldan.l.

.\S. \-1\2-1.:3-1 !).l~.

01'11(' IIP\\' T\'I'I·; J.j,l'j 1-(' ha!-' heell

modified to ('OIlform 10 the "-eightillg:
rl'quirellwllts of the Ile,dy alllloIIlH'Pc!
,Ialldard (.\S.\ S 1.-1 IUli I). Tho challge;
ill rt';"pOll:-:C' arC' 1101 large, hut all in:-:tru
1I1('lIt mai(·hillg the design l'Cliter ('UITC;"

of .\S.\ 1\2-1.3 I!H~ "ill lIot fall "'ithill
the tolcrallcc al1o,,·c<.1 ill .\S.\ SlA 1%1.
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Figure 4. A-weighting speci
fications of 51.4 and old Z24.3
standards, assuming design~

center C-weighting.
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Figlll'C 2 shows I-he dCHign center,
C-\\-cighting, and tolerances allowed by
both standard::::., plus t,hc actual response
of the ne\l' 'l'vl"': 1551-C Sound-Le\el
::\lct"cr to sounds of random iucidence.
Design ('e1ltel" Clil'yCS clif'f('r OullT at; hio'h, 0

and ]0\\" frequencies, \\"hile the 11C'\\"

tolCt'all(,(:>S reduce tJw possible diffcl'E'll('CS

hchYCCll sound-Im"ol 1110tO]':-; of different"
ml1l1ufndlln..., partir'lIlarly a.t Imy fre
(lllerwJ('S.

Figures ;) und -1- compare the Ill'\\' and
old Band :\ \\-eighting chanldcrisj-jes
I'c:::.pedi\'cly. The old "'cighiing CUITOS

~lrc specified as dra\\·n. The lIew weight
Ilig elln'es (ASA S1 A IOGl) are specified
\ril h t'espc('t, to the C' \\'eig;hting ehal'
actel'istirs. Thoy are shO\rn here as thev
\\-mild 1)(> in an inst.rument that match~s
the C-\\'pighting design center. }I"ere
again the aim is to insure that instru
menhi of different· tl1anufact ure will have
\'ery similar characteristics.

Ttl addition to the ne\r weilyhtillO"
~ ~

characteristirs, the TYPE 1551-C has
a Rat respollse (20 ke position of the
\\'eighting s\\'itth) from 20 cps to 20 kc
for sOllnd-pre::;sul'e measurements wit h
\\'ide mnge microphones. The output

signal is utlweightcd and suitable for
spectrurn analysis.

International Standard

This sound-level meter also conforms
to the ne\\' international standards. The
requirements of the International HN;

ommendation for Sound-LcV{-~1 lVIctcrs
(fEC Publication 12:3, 19G1) arc, in
most respects, similar to those of ASA
S1 A H)li1. The TYPE 1551-C readily
meet-s all of t.he elect.ric-al requirements.
The free-field aeollstieal responfie re
quirement is met \rhen the minopholle
post is set at all angle of 55° with
rcsprrL to the panel of the instnllnenL
Th<:' fi\\'ivel miel'Ophone P()~t ('an he
supplied \\"ith a det-ent at this prefcned
angle. Tn the ncar fuhll'C all TYPE 1551-C
Sound-Levcl ,\I[ctcrs \yill be supplied
with a properly dctcnted microphollc
POSti for this application,

This l1e\\' sOllnd-level meter, \y]th its
stable, high-performance ceramic micro
phonc and its conformance to both
Amcriean and TntcrnationHI Standard::
reprcscnts a siglliflcant advance ill the
aCCllrary and }'f'liabilit,v of sound meas

. lIrcment dO"i(,('!".
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swilch. Thc ml.'lcr hallisti(·s agrpe ",ith ('urrPllt
.-\8.\ slandards.
Colibrotion: Built-ill l'~dibration circuit stand
ardizes Ole sensitivit,· of the electrical circuit::
in the sound-level meier.

Colibrotion Accurocy: .\£11.'1' standardizatioll.
sound-level ll1e~l$lIrell1ents arc within ± 1 dh
at 400 ('ps, l.U!llSpeeiflc<! in .\8.\ standard::;. The
TnE 1552-B Sound-Lewl Calilmltor i.o:
:w:1ibhle for m:lking periodie aeoustic cheek!:'
on the ovcr-:lll ('alibrati)ll, induding ll1i('ro
phone.
Temperature and Humidity Effects: Reading::; ~lrC

independent (within 1 db) of temperature and
humidity over normal ranges of room <,ondi
tions.

Power Supply: Two 11 z-voll size D flashlight
('ells (H.n.YOv~\(' 2LP or equivalent) ~lIld OIW
67 1 z-voll b~lttery (BurV;~ XX-i5 or equiv:l
lent) :lre suppli('(1. .\ 115-"011:1(' power supply.
the Tnt; 1262-13, is :lvailable.
Tube ond Transistor Complement: Four C1\:512
.\X, two ('1\:6-118, one 2.\"1372 transistor.
Accessories Supplied: Telephonc plug.

Accessories Availoble: TYPE 1551-P2 Leather
Cal-;c, which permits operation of the instrumcnt
withollt t;\king it from the case. Typ~: 1560
P95 ('ollllceting Cable, for eonnecting otlLput
to TnE 1521-.\ Graphic Level Hecorder.

Cabinet: Aluminum, finished in gray craekle.

Dimensions: Ileight OM, width 7)4, depth 678
inches (235 by 185 by 160 mm), over-alL
Net Weight: 7% Ib (3.5 kg) with batteries; 9%
Ih (4.4 kg) in('\uding leather case.

Sound·Le .... el Range: F'rom 2-1 io 150 db (TC .0002
microbar).
frequency Characteristics: Anyone of four H.."
sponse ('h:lrllClcristies, ...-\, B, C, or 20 ke, can he
sel('l"ted by a panel !Switch.

The ...-\, 13, and (' weighting positions are in
:1('('or(l:In('o with Amerie:l11 Shludard .\ssocia
tion specifications on sound-level meters.

The 2O-kc position :tHaws the lise of the com
plete frcqucll('y response of the sound-Im'ol
meter's amplifier, whieh is flat from 20 cps to
20 ke, so that complete usc can be mllde of
wide-ranp;e mierophoncs such as the Geneml
Hadio 1'\'I'!-: 1551-Pl Condenser .\licrophone
System<=;.
Microphone: The mi('rophonc is :l highly stable
PZT ('emmie type. Condenser and dyn:lInie
microphollCl; :Irc available as ~tCccssories.

Sound-level Indication: Sound level is indicatcd
bv the sum of the meter ~lIId atlenua.tor read
ings. The de:lrly markt.·d, opcn-scale meter
covcrs :1 sp:ln of I(i db with calibration from
-6 to 10 <.lb. The atlClluator is c:t1ibmted in
IQ-<Ib steps from 30 to 140 db above the
sbllld:lr<.l reference level.
Output: All output of I volt aeros.s 20,000 ohms
(when the panel meter is at full s('ale) is avail
able at an output jlu:k. The Olltput ean be used
lO drive frequency analyzers, rc('orders, llllel
mwillos('opes. A pholle-plug-to-TYPE 274 con
nel'ling ('ahle (TYI'~: 1560-PDS) is available.
Input Impedonce: 25 megohm::; ill parallel with
50 pf.
Output Impedance: 7000 ohms.
Meter Damping: The p:llwl metcr has tll"O

difTerent dflmping ehar:H'l,cristil'S, cither FAST
or SI,OW rcspow;e beillg selected by a panel

'J'.I/pe Code 1F0ni Price

1551·C
1262-8

1551-P2
1560-P95

Sound-Level Meter
Power Supply.
Set of Replacement Batteries .
leather Carrying Case.
Connecting Cable ..

.\11.\11 ('

.\IAYOH

.\11.\IICADB.<\·l'

C.... LYX
CO!\"EC

$415.00
95.00

3.90
24.50

3.00

NEW DYNAMIC MICROPHONE SYSTEM
The TYPE 1560-PJ2 Dynamic ~Jicro

phone Syslem replace' lhe older TYPE
759-P25 Dynamic ~Ii{,l'ophone and Ac
C'e&:ories1 as a high-qualit,\- acoustic
piC'kup systcrn for sound-Im-el meter::;.
analyzers, graphic Im-c1 recorders or tape
recorders. This nc\y microphone system.
illustrated in Figure 1, includes the
TYPE 1560-1'2 Dynamic ~li('rophone,

l""c\ Dynamic :\licrophone rot the Sound-I...e\·el :Ueter:'
G. "",,1 R'l/ljo J1.rMri"lim(~r. \'01. XXY, Xo. II, .-\prill93L

the Typ>; 1560-1'22 ~licrophone Trans
former, lhe TYPE 1560-P72 25-fool cable
and the Typ>; J560-P32 Tripod.

Microphone Characteristics

The older Typ>; 759-1'25 Dynamic
'\ricrophone was a special Altee Lansing
Tn>; G33-.\. The Typ>; 15GO-1'2 Dy
namic ":\ licl'ophone i8- n.1~o manufactured
b,\' Altee Lansing and is a spec-ial \,(;'I'SiOII
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Figure 1. View of the Dynamic Microphone
System with the Sound-Level Meter.

of their TYPE (-)(il-.\ ::\licrophollc modi

fied 10 moet the l'cfluiremcnts of the
.-\rnCl'i(,i:111 Stal1d(.Lrd Specifications for
C:c11cral-Purposc Sound-T,cvcl lVlctcl's
(c\f,A SJA-J9GI). The Tyl']o GGJ-A lIses
t"he same basic moving coil system of the
TYPE G33-A. but. it i,'=i hou~cd ill a smaller
diameter shell which c1cel'cases diffrac
tion effects at high frcCllLcncies. Jt, has
a sintcrccl bronze face plate, in place of a
:-:.ilk cloth !'('rCCIl, which prm-idcs excel
l('nt pl'Otcctioll fl'Onl dust and other pal'-

ticles, a YCI)' \n)rt hwhilc featurc \\-hen
the mi('rophollc is used in industrial
arcas and subjected to atmosphcres COII

taining tilly iroll pal'tieles resulting from
mathillillg ~Lnd grillding operations_

The 10w-fre(lucncy I'CSpOIl~e, as illus
trated ill Figure 2, remain:; essentially
flat do\\-n to 25 cps, In addition to the
-:\ficrophone SY:-item rcsponse to f.:ouncl of
pCl'pelldicuhtl' incidcnce (00

) and ~oullds

of ranciorn incidcncc, Figure 2 8hO\\-s the
oYer-ali rcspon!'c of the 'IYPE l551-C
Sound-Lc\'cl :\Ietol' (C \\-eightillg) and
the TYPE 15GO-P12 Dynamic ~Iicro

phone Systern to sounds of random
incidence. (See Figure 3 in aceompany
ing article 011 TYP8 1551-C Sound-Lc\'el
"\fetcr for .\8.\ 81 ..... 19G1 rcquirement:;
for C-wcight ing tipceifications.)

Use with Acoustic Calibrator

As showlI ill Figure 3, a step has IWPII

machill('d ill the facc of the micropholle
so that, it CHn be readily calibrated ,,-ith
the Ty,.IC 1552-13 SOU lid-Level Cali
hralol'. Wil.h 2.0 volt.s at. +00 cps
applied 10 the ('alibmlol' alld the cali
brator nloulllcd as shown, the :3GUlld

preS::iLlre level developed at the Typ~

15GO-P2 ~'li"l'OphoJle is 119 db I'e 0.0002
microbar,

Transformer

TI)(' rc:,pOllsc ClIn'cs 8hm\Tl. in Figure 2
,up for t h(' <'omplcte dynamic micro-

Figure 2, Free-field response
charaderi5fics of the Type
1560·P12 Dynamic Micro
phone System for 0° Clnd ran
dom incidence, and for the
Dynomic Microphone System
plus the Type 1551-C Sound
level Meter for rondom in-

cidence.

o' I-I o' f',,-g TYPE 1560-PI2"7\.

J
/ ",- "/\,.

RANDOM/ \ lJ"
/

TYPE lf60-P12 r" I
RANDOM ,......,

TYPE 1!i60·PI2 p,Lr=--t-
TYPE 1551-C
Ie WEIGHTING}

-6

-,
-,

: 0

+

'0 100 rooo
FREOUENCY IN CYCLES PER SECONO

10,000
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phone system and include the TYPE

1560-P22 Dynamic Microphone Trans
former, which has a very small effect
on the frequency response of the system
between 25 cps and 10 kc. This trans
former steps up the output of the micro
phone from -90 db to -60 db re 1 volt
per ~bar so that the TYPE 1551-C
Sound-Level Meter still reads directly
in db re 0.0002 microbar when con
nected to the dynamic microphone
system. The transformer is very well
shielded to minimize t.he effects of stray
magnetic fields. As shown in Figure 1,
a strap that is part of the transformer
case provides a convenient means to
attach the transformer to the sound
level meter cabinet.

Figure 3. Sketch showing how
the GR ocoustic Colibrotor
fils firmly on the dynomic
microphone to ossure definite
and reproducible colibratian

conditions.

Use

A number of noise-measurement codes
require the use of a dynamic micro
phone, and noise-control situations con
tinually arise where the dynamic mi
crophone is required or where its use
sjmplifies the measurement problem as
when measurements must be made at
the end of a long cable. Because of its

low internal impedance, the dynamic
microphone can drive very long cables
with no loss in output voltage and con
sequently requires no cable corrections.

The combination of the dynamic
microphone system and t.he TYPE 1551-C
Sound-Level Meter meets the require
ments of ASA S1.4 1961.

"'Type 1560_P92 Adaptor required.
tType 1560-pg3 Adaptor required.

Direct Use with Analyzers: l'v[icl'ophone output
can be supplied directly to the Type 1550-A t
Octave-Band Noise Analyzer provided the
level of the measured components is above
70 db (re 0.0002 micl'obar) or to the TYPE
1554-A t Sound and Vibration Analyzer, pro
vided the level of measured components is

SPECIFICATIONS
Sensitivity: Open-circuit output of typical above 50 db. (A TYN; 1552-£ Sound-Level
microphone is 90 db below one volt per micro- Calibrator is necessary to obtain a,bsolu t,e leveL)
bar, and of microphone plus transformer is 60 Maximum Safe Sound-Pressure Level: Sound
db below one volt per microbar. The sensitiv- pressure levels above 140 db can damage the
ity is satisfactory for direct reading of souod- microphone.
Eressure level by the '!'YPF; 1551-C, TYPE J551· Colibrotion: Output level is checked in our
B, TYPE 1551-1\, '" ftnd TYPE 759-.8'" Sound-
Level Meters. laboratories at several frequencies against a

standard microphone that is calibrated periodi
cally. The level at 4.00 cps is stated.
Cable Correction: No correction is necessary for
the 25-foot cable supplied or the TYl'E 1560
P72B lOQ-foot cable.
Components: TYPE; 1560-P2 Dynamic IVlicro
phone, TYPE 1560-P22 Transformer Assembly,
TYPE 1560-P72 Cable, TYPE 1560-P32 Tripod.
Net Weight: 5}.-i pounds (2.4 kg); microphone
only, 8yz oz (250 g).

Type

1560-P12
1560-P72B
1560-P92
1560·P93

Dynamic Microphone System.
Extro 100-foat cable.
Adaptor Assembly.
Adaptor Assembly. . .

Code Word

DYNA1I1

AD..\P·]'ORWAY

ADAPTORBUG

ADAPTORCOP

Price

$210.00
30.00
12.50
12.50
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A NEW AND IMPROVED
PRECISION CAPACITOR

,.

Figure 1. Panel view of the
new Type 1422 Precision Ca.
pacitor. Note the large, Irans
parent flange on the control
knob, which greatly facili·

lotes precise setting.

There are many readers of the
Experimenter who will have no difficulty
in recalling, in a nostalgic moment, the
consistent proud contention of the
makers of the Dodge automobile in the
1920's that they made "no yearly
models, only continuous improvements."
Such a description might with equal
truth be applied to the history of preci
sion worm-driven capacitors at General
Radio. Until the appearance of the llew
TYPE 1422 Capacitor in our current
catalog, there had been only two dis
tinctively different catalogued designs
in forty years of continuous manu
facture, the TYPES 222 and 722. Yet,
these two designs throughout their
useful lives were being constantly im
proved as new methods or materials
became available, or when field reports
indicated the desirability of modifica
tions. Eventually, of course, the im
provements that seemed desirable got
beyond the capabilities of the existing

design, and then a fresh start had to be
made. A review of precision-capacitor
manufacture and design (including some
specialized designs never catalogued)
will help to make more significant the
improved features that have been in
eorporated into the new TYPE 1422.

Type 222 First Design

'Vhen the writer arrived at General
Radio in the summer of 1921, the 'I'YPE

222 Capacitor, then known as a conden
ser, was already a well-established prod
uct of the six-year-old finn (Figure 2).

It was massively and heavily con
structed, using cast brass end plates
spaced apart by three hexagonal brass
posts. Bearings were conical, steel shaft
against bronze insert. Only the rotor
and stator plates were aluminum. The
worm and wheel were stock articles of
commerce made available to all and
sundry through the commercial fore
sight of the Boston Gear Works.
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To Wustrate the care exerted to reduce
backlash, from the very beginning the
worm, taper-pinned to its shaft, was
spring-pressed into engagement with
the worm wheel to control backlash as
much as could then be done. The worm
shaft was journaled in a long hinged
brass casting, as can be clearly seen in
Figure 2. After assembly and before
calibration) each capacitor was subjected
to a running-in period to make the \varm
and wheel fit more closely to one
another. At the same time a similar
effect was produced on the conical bear
ings at the two ends of the main shaft.

The insulation at first was laminated
phenolic, at that time the novel material
called Bakelite. Even though its losses
were appreciably higher than those of
hard rubber (tlie popular good insula
tion of the day), it was preferred
because it was much more stable
mechanically.

Improvements

Almost immediately began a long
series of changes and improvements.

Stator insulation progressed from
phenolic to porcelain and then to
steatite. The floating, spring-pressed,
worm and wheel arrangement went
through at least four successive designs,
each an advance over its predecessors.

Direct-reading scales first appeared
on the TYPE 222-M, a capacitor de
signed for parallel substitution measure
ments, direct reading in ucapacitance
removed.))

Throughout this process of improve
ment the deficiencies in the 222 design
were being recognized, and, when in
1936 t.he TYPE 722 was introduced,! a
number of basic improvements were
made. The composite structure of end
'''A New Precision Condenser," General Radio E:);7Jeri
menter. 10.8. Januury 1930.

AUGUST, 1961 ~

Figure 2. Interior view of an early Type 222
Precision Copocilor, grondfolher of all present

types. Inset shows cobinet.

plates and spacer rods was replaced by
an aluminum frame cast in one piece,
with a consequent increase in dgidity
and mechanical stabili ty. The conical
bearings on the main shaft gave way to
ball bearings, and the worm drive was
again improved, still further reducing
the backlash. Finally, all metal parts
directly affecting the capacitance were
made of aluminum or aluminum alloy to
give a low and uniform temperature co
efficient of capacitance. Additional capac
it,ance-removed (double-section), high
frequency, and lo\v-capacitance models
were listed, and direct-reading scales
were used throughout. Linearity over
21, rather than 20

J
worm turns was

achieved, providing small overlap be
yond nominal decimal maximum .6.C's.

Three-Terminal Types

Meanwhile, by the early 1950's, a
number of developments in both mili
tary and commercial measuring tech
niques, and demands for high measure
ment accuracy made it apparent that
three-terminal (or insulated-rotor) ca
pacitors should be made available on a
catalog basis. Although these were avail
able at first only in high-capacitance
models (50-to-llOO pI), the need for
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Figure 3. Panel and interior views of the Type 722-0 Precision Capacitor, successor to the Type 222.

standardization at lower capaeitance
magnitudes, where three-terminal con
struction is mandatory, dictated the
design of units with capacitance (Ll.C)
as low as 1.1 pI.

Special Types of Precision Capacitors

Although it was planned to keep in
stock versions of the TYPE~ 722 for which
there was a solid continuing demand,
some 150 special variations have been
made in the 25 years of its life, a few of
them eventually becoming stock items
(e.g., TYPE 722-CB).2 As an example of
special designs, several TYPE 722-CE's
have been made having two linear
capacitance ranges, respectively 0.05 to
1.1 and 0.005 to O.ll pI.

However, requirements have arisen
with which the T\"PE 722 structure was
unable to cope.

Figure 4 illustrates a TYPE 622 Capac
itor having many special features. 'T'he
rugged 5-sided casting was made to
secure rigidity because of the very high
frequency-stability requirements for the
oscillator which this capacitor tuned.
It was used in an instrument for the

3Inw G. Ell.llton, "A Thrcc_Terminal Pl'ccision Con
dcnser," General Radio Experimenter, 23, 4, October 19,'''8.

Navy which at sea would be subject to
violent tilting as the ship pitched and
rolled in bad weathel'. The rotor plates
yielded an end-corrected narrow-range
straight-line frequency performance,
The extra shaft near the assembler's
thumb in Figure 4 actuates a simple
computer which averages two readings
without calculation.

Figure 5 illustrates small precisjon
,vorm-driven capacitors, TYPE 779, which
fulfill a requirement for a capacitor of
only 210 pf Ll.C to occupy appreciably
smaller vol ume than does the TYPE
722 and are used in an aircraft fuel-gage
calibrator.

Type 1422 Introduced

While the TYPE 722 was far frnm
obsolete, its design teas 25 years old.
Most of the improvements that could be
made within the framework of the
original design had been made. If
further progress was to be realized, it
would require starting afresh, but re
taining the many demonstrated sound
features of both the TYPE 722 and the
TYPE 222, and borrowing from other of
the mentioned designs. This has been
done in the new TYPE 1422. Seven dif-
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fcrclii modeb an.> lisj-ed~ the analogues
of the TYPE 722's previously offered.
Figures I alld (j illustrate external vic\\"s
rc:-;pedi vely of typical t\Yo-terminal
ancl thl'ce-tcl'rninal modeb, \yhile Fig
lll'e,-; 7 through 11 are inlcl'llal views. A
number oC llew featllrc"" and in1prove
lncllts \yill be ellumerated and deticribed
in ('OllIlCdioll \yjt,h the illustrations:

1. The eases have been changed to
aluminum instcad of wood. This gives
% inch more Htack mOin Oil the shaft
\\'ith the same ease length and a narrower
bo\: than the TYPI~ 722. The sides of
I he CHf'.C arc made 1'1'0111 a heavy alu
minum cxll'u:-iioll embodying decorative
flutings (Figure,'"' I and G).

2. For InallY years L1sers have I'C
qllc:'ited a s]()\y-mo(-ioll drive for greater

ea'3C in fine setting of the \YOl'm dial, not
I-hat accuracy of reading may be 1n1
prm·cd but that bridge balancing may
bc facilitatcd. Providing the ~peed re
duction i:; vcry difficult to do with the
sprillg-prc:;:;cd \\'orrn arn,wgement. Ho\\'
en~r, the large tr:-1n:;parcnL skirt for the
;-;pinner knob (shown ill Figure:; I and 6)
gives about :-1 3-to-1 increase ill diam
eter versus the Aut,ed portion of t hc
kllob. 'fhcre is cvcn greater impl'Ove
ment in :;cUing casc :;ince one can re:;t
a thumb against both the panel ~lnd I-he
edge of the skirt. and roll the thumb for
fine eOlltrol.

Figure 5. View of a small precision capacitor,
designed for use in fuel gauge calibrator.
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Figure 4. Final adjustments on a Type 622 "both
tub" capacitor, a special model designed for

mechanical stability under extreme conditions.

3. Figure (i illust.rates the use of t hc
lIew locking 'TYPE 87-1- COllne(:tOI'~ on
three-terminal ralxlcit.ors. This feature
makes it possible to lock eonneding:
cables in placc or to fit the rapaeitol'
semipermancll(,]y and inexpcnsively \yith
other types of common ('oaxial co]}
nector:-:i. l'he customer need mere!.v
purchase and attach two locking adap
tors to have a ('apacitol' \yith rigidl.v
fastened coaxial ('ollnedot's of dw type
dc:-;ired.

-1-. All'hough t herc ,,·cre no o!Jvi0\1.'"
places of entry, dust ill the cabinet ha...;
ocea:-;ionally heen a problclCl in the pa~t.

To control thif:i, th(-~ hole ill thc c:-1binet.
for the "·01'111 ~haft has a minimal
clearance. the t rallsparent :-kirt ('akhc.-;
the dust \\'hell the pancl i:-; in tlw \\,";llal
horizontal operatinl!: position, and the
window through which the scale::; are
rcad has been changed to ga:-;k('ted
triplex :-;afciy glas:-;.

5. To imprm'c t he rigidity und ,<.:(:-1

bility ,,·ith tilllc of Ihe ~mall :-ectioll of a.
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Figure 6. Panel view of the new Type 1422-CB
Precision Capacitor, an insulated rolor, 3-terminal
model, with a capacitance range of SO 10 110 pF.

t \\"O-:"cet iOIl ea parj tor, an add i tional SLI p

POit for each stator rod i~ provided by
thp ('I'cscent-shaped alllminllll1 pic('c,
."ho\\"l1 in Figure 8. and mounted from an
added hridge \"hith is part of t-he main
ctl....;ting.

G. Once the small sect iOIl is no longer
c,llltilc\'cr supported, it:" \yeight may be
safely increased. Thus, marc plates
ITIOl'C widely spaced arc llsed for the
small section cornlnon to the TYPI:;s

1422-D and ·:YrD.
t, The bridge \yhieh S\lPPot't~ the

SInal! section abo serve,:.; to make the
main ('usting more rigid. Thi~ rigidity
is further improved by adding the rib
hing; on the bottom nnd filleting the in
~ide ('orners of the ca~ting.

8. Stator l'od:-; have been increHFicd
from ~6 to }i inch in diametcr to SUrlCll

the structure and to reducc the differ
en('e in capacitance beh\'cen horizonta.l
<lnd vertical panel pO:'iition:'i.

9. The adding of the bridge givcs the
opportunity for a third foot on the
bottom,. so that thc capacitor, whc11 out
of its cabinet during manufacture, may
be ;;;ct stably Oil a flat surface without
abrasion of the drum dial.

10. Improvement ill the ball-bearing
tllTangcmcnts \\"a8 desirable to imprO\'c

Figure 7. Interior view of the CB·model. Note the
shielding washers at the extreme left, which pre
vent the direct electrostatic flux from traversing

the solid insulation.

the backlash sihlation and stability
with time. 'Vhen the ball-bcaring manu
facturcrs recently macle available op
positcly disposcd pairs of ball bearingH
with any dcsired prcload, the ans\\"el' to
both problems \\"as at, hand. The main
shaft has a pair of these at each end.
At the drum-dial elld the outer races [l,l'e
firmly damped to t,he main c<1:'iting and
the inner r[l,ce~ to a shoulder 011 the
~haft,. At the rear cnd (vi:o;iblc in Figurcs
8 and 9) HlC inncr raccs of the h\'o bcar
ings are clampcd tightly to a shaft
,houlder by Ihe U-28 Philips head
scrc\\" fo bc SCCll there. The ouh~J' !'tL('es
float in thc close-fitting, precision-bored
hole through thc boss at t he end of the
main cast.ing. This arrangement pre
vents the "elimbillg" \\"hich 0('("111':-; even
in a hall bearing, Rmallel' than that
\yhich o('('urlj \\'ith a ('one bearing, but
still oh:-:;el'vahle. Ba{'klash now, if it iF;
detectahle) is generally no larger than
the \\"idth of the engraved linc 011 1hc
dial.

II. H is just as impodant to give
t-he wonYI shaft. similar prefcrred trcat
mcnt to rcducc backlash and climinate
non-unifol'mit,ies of rnot,ion that \\"ould
disturb the linearity of rapacitance
~hange. Sot.e that a.ny axial :-:;hakc in the
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worm ~haft can appear as h:l('kla~h. To
rOOu("(' thi~ the new dc:-;ign incorporat-e~

a ....maller preloaded ball-bearing pair.
the outer r3e('::-: of which are tightly
tlamped within the round hOllsing to
be ....CCIl in Figure:-: 7 and 10. The inner
rHees a.re tightly c[arnpcc! by a lIul to 1.1

~hollld('r on the \YOl'm ~haft. The l'Ound
hOll~ing; j:-; ~lIpportcd wil-h ~idpwise flexi
bility, but IOligituuilHLI integrity by a
thin l'-shaped hcrylliulYl ('opper meml)('l'
feu-U'llcd to the hou~ing; by four scrP\\';-;

Hod ('Iamp(~d to the main ca:-;ting. Thi:-;

~t nl('t \Ire !oeate.-.: t he shaft 3:-.::ially. The
l'-.-.:hapcd beryllium ('oppel' picco pro
\'id('~ free parallelograrn-t.\·pc floating
motion for the \nlrm shaft. The f'pring
pre;-:.-:ure to produ('C' this motion 1:-'

exerted by a ~prillg-IO:.ld('d hearing ball
('ontained \\-ithin thc hcx-headed housing';
going through the solid braeket jll~t to
the right of the ball-hearing mount.
Th(' ~('If-aligning bearing at the dial cnd
of the wOl'm ::5h:tft fih lIiecly O\-er a ~haft

~houldcr and noah without shakp ,,,ithin
thr prc('i~ion-borcd hole in j-he main
casting. The ~hakc inherent in the bCHr
ing if' taken lip by It partially com
presspd ~i'\-fingel'ed h-\\'ashel' orten u~cd

with ball be:.uings, \"hith hear:" only
against the outer raee.

Figure 8. Interior view of the Type 1422-ME, a
dual-range unit, calibrated in capacitance re

moved, 0 to 10.S ond 0 to lOS pf.
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.12. The nnture and dil"po.:-.ition of the
insulators arc greatl~' different from
thosc of the TYPE 722. The in~l1lators.

in~tcad of being long bars. arc f'hOrl
buttons or \\-asher~ ha\'ing onc facc flat
ancl the other spheric-al in contour. They
m~ltc \\'ith spheric·all.v counterborC'd
holes jn thc ca~ting or in an aluminum
bar. Onc ob\"iollS advantage i::i that thc~e

illl'julatol"::i arc self-aligning. Anothcr is
that thcy offor a minimum of distlll·\)
~l,ll('C t,o the "all-aluminum" nature of
thc :-;trlleture. III lhc TYI'I~ 722 the
stntor plates \\·cHlld. \\-ilh an incl"ea~l:'

111 Cllpac'itor temperat urc, push the
stator rod:-; farther aparllhan \"ould tIle'
steatite insulator:-; (:-;oe Figure 3), thu:
putting n. bow in the rods. Thermal Iw
IHwior with the pre~('nl dCf'ign is much
morc predictable.

13. ~inee the in:-:ulalol':-'I arc madp of
Hexolitc 1---1-22 (the identity of the num
bel':" is pure coineidcllc·c), rnany ndnUl
lagcs ac·(·ruo. Hcxolite 1-122 is a (,"l'Os;-o:
linked. thel'mo-~ctlillg, modified pol.\'
styrc1le \\"hi('h nrquircs heat stability <.1:-:

~t rc:-:ul t of l'hellli('al nwd i fica tion ,,,i t h
0\11 Ihe ~·crioll.-.; iIII pai rlllCll t of d iclcet ric·

..

Figure 9. Interior of the Type 1422-N, a high
frequency model whose rotor connection is made
thraugh brushes bearing on a disk at the center
of the stack in order to reduce residual inductance.

Note the low-inductance lead to the terminal.
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Figure 10. Interior of the 3·terminal Type 1422-CC
Precision Capacitor, in which a window in the
rolor plo'e is rotated between two oppositely
poled stotor plates 10 give a range of 5 to 110 pf.

properties usually accompanying :'iuch
tampering. The dieledl'ic 10;:;5 of Rc:\o
lite 1-1-22 is essentially comparable to
t hal" of fused quartz and along toward
olle oreler of magnitude bet leI' than that
of ~teatite. Further, it.s surface is com
parably hydrophobic 1,0 j hat, of ~ili(,olle

('outed f\l,'-icci quart",:!J. That IS, it IS

moisture resistant and maintain:,; high
leakage I'csist,allec \\"ithout the hazard
of the possible di ...;appcamncc of the
,...:iI k·olle. Therefore, there is no neeel allY
longer to pl'O\"ide qIlHrtz-ill:"ulatcd ('a
pa('itors for either ae or dr usc:'!.

1-1.•\s IIsual, an advant:Lge has its
('0:;1". ,\ small pricc has bccn paid for
the \I~e of Rcxolitc I 1-22 insulating
hlltt-OIlS. Thc Z(>l'0 ('apa('itanrc of cach
capacitor scrtion is some\yhat larger in
the 1'YPI-; 1-1-22 thall in the TYPE 722.
This difTrrClwe ('allse~ no tl'Ouhlc cx('cpt
ill Ihc case of the small ,'iccLioll of the
'j'YPI:<: 1-1-22-D, \yhirh i" !lOW lincar dO\nl
10 only 35 pf verslls t.he 25 pI' of the
TYPE 722.

]5. Adjustment of the ~ermhxl plateR
for linearir,ing the raparit,tncc-rotation
('\lITC is accomplished hy adnlllcing 01'

retracting hex-head 5rre\\"8 against the
"err::lhollS of a spritl~-ternp(-'l'ed pho,q-

Figure 11. Interior view of the 3-terminal Type
1422-CO, another window type with two ranges,

0.5 to 11 and 0.05 to 1.1 pf.

phor-hmllZc plate. This mcthod yields
many advantages m'cr l he prior u"e of
hand-bcnding scrratcd almninllm plat.es
\yith pliers. A(:cess to the adjusting
s('rews is through hlrge clearance holes
in the endfo:i of thc ('ustillg.

In. Lcvel-adjust-ing plates havc becn
moved from the real' too the front cross
bar of the lllaill casting/so that. their
adjusting sere\ys lIlay be madc acecs
"ihle thl'Oligh the front- panel. This
farilitates making that adjufo:itment \yith
the ('apacitol" inside raJ her than ollt~ide

its ea~e.

17. Tn j-hc design of t he TYPE 1-~22-CB
Capacitor, e'\t ra "hieldillg has necn
prm'ided (cither ('ups or \\'as!len; 01'

bot h) to keep .'itray rotOL'-to-:;t,atol' field
from tl'<:1versing; any of n)(~ solid insula
tion, de:-Jpite its ex('ellenee. Thus the
dieleetrie lo;;:se:-:5 ill thc TYPE 1 j.22-CB,
as well as in jhc -CC and -CD, hetween
the h\'o hot cIccI mdes should he only
tho:')c !o:-;sc;; ill air and at thc air-plate
i t1 t erfaces.

]8. An e'\amination of the Il('('llt"::t('y
specifi('ations for the 'TYPE lcj.22 Capac
itor:'> \"ill re\'eal major ditfe],(~Il('es ill
format, philo:':iophy, and the specifieation
numbers ac1"ually ll:-ied. Beller control of
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dirnen:.;ioll:':' achie\'ed through (;hallge::; ill
mcc:halllt:al design find improved tooling
yield hettor linearity or initial adjust
ment figllre!3 ill some cases. BeticI'
Burce\ll of St~111clfl.l'cb certification:-- and
more certainty of th(" precision of our
O""ll mcasllrern('nt~ enahle us to give

better accunl('~r figures for calibratiolls
giw'lI Oll the pallel chart~ and Oll the
special lOG-point crdibratiolls, \yhieh are
morc Higllificflllt and useful SiJccC!:>:-IOI'f'
to \\'hat lI::;cd to he called \nlrm-(;Orrec

tion calihrations.
Thus the T1TE 1422 Prccisioll "ari-
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Hbh~ Capa('itol'~ are ready to give the
u~er improved sorTiec o,'el' the fine
record of the predecessor TYPE 722's.
'They represent significant imprm'cmcnt:-:
in a number of important arcas. There
is no ill j Cll t ion t () suggcst t,ha I I:ho."
represcllt the ultimnt-e III prC('IS1011

caparitors, alld \york is st ill lllld(~r \yuy
to the end that this late~t dei'Jigtl of
precision eapacitol' ~hall he the hrlllL

ficiury of the "eontinll0ns impro\'e
ments" that have made its prede('essors
the sta..ndul'd of the industry.

- P. h, "\'[CELHOY

SPECIFICATIONS

Accurocy; S('/..' bhl/..', 1'11(' error,: tahulated are
possible errors, i,e" the sum of prror contri
butiotls from setting, stability, adjustment,
('alillratiotl, illtcrpolation, Hnd stnndards. The
prohahle errors are almost :dwnys smallN, The
:l('('ura('y is in('reased \dwn the readings are ('01'
rcded using: the 10 or more ealibmt.cd values of
(':l.p:H"ibllH'D J..\"iven on Uw eorrcctiOll chat"\ 011 the
('t\.p1:H'itor p!llwl and interpolating linearly 1)('
lween c!llihraf(-'d points, The hig:he~t accuracy
('an be ohtained from :1 prc('ision ('alihration of
Jlppro,'\im:d('l,\' 100 points on the rap!wit.or dial,
whi('h permits eorr('eiion for slight rpsidual
er'('pntricities or the worm drive and requin~s

interpolation over only short intervals, This
pre('ision ('alibrat.iotl is availahle for all models
at an e",trn dwrg:e lii;ted bclo\\-. A mounted
certifi('ate of (':-l1ihration is supplied, givillg
conec!ion;.; to 01H' more figurp than the t.ubu
lateu )lecuracy.

Colibrotion: The mea:,;ured vallles Hre obtailH'cl
by ('Ompllrisoll, to a precision better than
±(.Ol SIv + .00001 pf), with working "t.andards
II-hose ahsolute values arc kno\\'n to an :H'{,ll

racy typi('all.\' ±.02 Cj, determined and main
tained in terms or refererwe standards Iwriod
i('allY ccrt.ified II\" I,he :\'ational Bure:lIl of
Stmi·lIards. -

The measured v:dues of total ('apacitance of
the t\\-o-tenninal C:lpaeitors ar(> 1he capa('i
tances added when the TYPE 1422 Capaeitor
is plugged into a Tn'l': 8H-Q9 Adaptor. The
un('ertaint", of thi" method of conneetion i"
;lrproximn'tl'l~' ±,03 pL Calibration of total
(':lprH'itarwl:' with t he fine-wire connection

Ilwlhod* wwd for thp TYl'l~ 722 CapHcitors
results in measured vaill('s llppro",imatel.\- OA5
pI' low('r than t.hose ohtained with the Ty!'!':
874-QD .·\dllptor,
Resolution; The dial ("an he read and set \\'it hout
dirriclllt~· to 1/5 divi"ion.

The It:u·klash i" less than one-fifth divi"ion,
('OlT('sponding t,o .00-1',-(, of full-scale value. I I'
the desired setting is niln\~rs approached in the
direction of increasing s('alp rl'ading:, no ('1"1'(11'

from this cause \\ill 1"(·"lIlt.
Insulotion Resistonce: t' tHler "tanuard condit iOIl/'
(23 C, less than ;>OSlc lnl), g:nlfLter than 1012

ohms.
Moximum Voltoge: 1\11 models, 1000 vo1t~, IWllk.
Terminols: ,Jack-top hinding: posts are provided
on 2-tprminal models; standnrd %-in('h spaC'in,!!
is llspd. T\w rotor terminal is ('onrwded to the
panel and shield. Lo('king Tnl'; 874 C'oaxi:d
COlltledot"s nre used on 3-termilud mo/..h'ls,
Accessories Supplied: 2 TYPE 874-:;58 C'nhlp
COnne('lors with all three-terminal models,
Accessories Avoiloble; TYl'f; 874-Q0 ,·\dn.ptor.
Mounting: The capa('itor is mounied on all
lliuminum panel finished in C't'a('kle and PIl

('losed in a dust-tight 7"8-il\ch-thick aluminum
('ase.
Dimensions; Panel, 7 h~' 0>/z in('hes; depth 8Y$"
in('hes, (180 b~r 240 hy 205 mm) over-all.

*John F, Hersh, "A Close Look a~ Conncction Errors in
C:tpacitancc :\leuS\lrCll,cn(s," Gel/ernl Radio Experimenter,
:n, 7, .1\11_1'11).:''\1.
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:tDI\'l\leerror by 2 when Ofle"'l'ttllll::l~lIlnde at n. cahbrat.ed
l.lOint.

Residual Parameters: Set.: tahlt,. The series re
,:iSL<lIl('C \'~lries :1S the square root of the
fn.'quc!le:" above 100 kc. It;;; effect is negligible
hdo\\" this frequency .

Frequency Characteristic: St'C plots :d)Q\'c, for
1\\"o-tcrminal models. The rt'sollance fn"
qucnty for the -('13 and -('C models is approxi
malt-]y 20 :\Ic; for the -CD model, 60 .\1(, for
c:I('h ~eClion.

Dissipation Faclor: The losse.''l i 11 the l wo-termillal
capacitors are primllril~' in the Slator supports,
which l.re of low-loss polystyrene (DC = .01
- 10-").

The very small dissipal ion fad,oJ' of the (lirc('t
("ILj);"H'itaI\Pc of thc 11lrc('·lt'rminal capacit.ors is
diflicilit 1.0 measure :Llld is estimated t.o he not,
greater t.hall 20 X 10 flfor-CB, 10 X 1O-6 foJ'
CC CI)

FREOUENCY

··'"..~.o.--=--~.c.c.-"'.._10'" 00010.

fREQUENCY

....

•., r-=-7T!~---'

;: "1--#1------15·
o
~ 00"

•

Variation with frequency of effective capacitance
and 0 per pf of capacitance for Type 1422 two

terminal Precision Capacitors.

<:> 00"'

•

t lotal eupatll:uH.-e IS the cap8tl\ance added when the
l',lpaeitor LIS 1IIuJ!J!oo into a TYI'E h71-Q9 Adn.lltor.

Temperature Coefficient: .\pproximately ±.002%
J)('I' dt'gn.'t' Ccniig:radc, for small temperature
r-!l'lll ,('s - , -

TWO_TERMINAL
i READS CAPACITANCE THREE-

OF REMOVED TERMINAL
~

TYPE 1422 ·D -N ·MD -ME -C, -CC -CD
--- I:' 100 i

,
0.5 iCAPACITANCE Min 35 lDO 0 D 0 0 50 5 .05

RANGE, pf: Max 1150 115 11501050 105 105 10.5 1100 110 11 1.1- --- I
SCALE. pf Division: 0.2 .02 D.2 0.2 .02 .02 .002 0.2 0.02 .002 .0002

ACCURACY: ± Picofarads listed below or ± .03%. whichever is greater
--

Direct-Reading (Adjustment):
---

--
[<i.6W 0.61Total Capacitance Differences from Zero 0.6 0.15 .04 .008

Capacitance Difference 1.2 0.2 1.2 1 ' 0.210.2
,

.05 1.2 0.3 .08 ---:061
----with Carrections from Calibration Chart {supplied!:

- Total Capacitance ~4t 0.31

~02
0.3 1.04 .01T .002

Capacitance Difference~ 0.6 .08 0.6 0.6 .08 .02 I .004

- With Corrections from Precision Calibration (extra charge):

- Total Capacitance ~Ol t 0.1 t fO.1 .01 .001,~
~pacitance Differencet 0.2 .02 0.2 02 [ .02 .02
-

1·004 0.2 1-0"2"].002 .0004
STABILITY: Capacitance change per year not greater than 1 scole division

RESIDUALS (typical valuesl: -
Series Inductance, ,uh -H610.IOl·024 .06 0.10 .0~tO.10 0.14 i 0.17 '0.17' 0.17

-
.03 .02 .03 0.1Series Resistance, ohms 01 1 Me .02 .03 .008 .02 -

min scale 20 560 74 23
high terminal to case

max scale 20 850 98 I 25
Terminal Capacitances, pf:

~ 1- min scale 33 1
600 92 93

low terminal to case ---
36 920 117 i

max scale 115

Capodlance at Zero Scale Setting, pf: 11140 135 145 35

..

.1 dditiofwl

Xet Weight
Price for

Code Precision
Type POllllds I\G 11'ord J~rice Galibrationt

1422·0 Precision Copacitor 11 !i 5.1 HAPII) $265.00 $ 90.00
1422·MO Precision Capacitor 11 " RAVEL 265.00 90.00
1422·ME Precision Capocitor lOyz ·1.8 HAZQR 255.00 110.00
T422-N Precisian Copacitor 10% .1. !-.I HEADY 250.00 50.00
1422-CB Precision Copacitor 10% ·1.0 HEBI'S 250.00 55.00
1422-CC Precision Capacitor 12yz 5.7 H~XUR 280.00 55.00
1422-CO Precisian Copocitor II 5 REDA", 280.00 165.00

tWhen ordering capacitor with precision calibration, add P to the type number, and add WORMY to
capacitar code word.
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IMPROVEMENTS IN THE
VACUUM-TUBE BRIDGE

The TYPE lGlil Vacuum-Tube Bridge
is lIsed prirrwrily foJ' highly acclirate
measurements of the Jow-frequency dy
namic coefficients of nlCUUI11 tubes. It
tun aii'D measure directly the ~holt-cir

cuit conduetancc parameters and the
hybrid parameters of tn\l1;-:i~tol's.

The TYPE lG(H-B no\\" super~edes the
TYPE IGGl-.\. This latest rnodel permils
greater flexibility in the Illcasurement
of hYo-scetion tubes, ~u('h as tl'iodc
pentacles.

These Celli liD\\' he rnCaRI\I'cd sequell
t ially without the necessity of recon
nee(ing the patch cords. While the
dyna.mic cocffieients of one :-:eetion arc
being rnc3l"ured, the grid. cathode.
I"creen-grid, and plate of the other
:'icction 11M)" be grounded. open, or
connected dil'cdl~r to their illdi\"idual
PO\\"Cl' supplics, as dctcrmined by the
selector Bwitch Rett.ing. Thi~ last, posi
tion pel'mils mcasuremellL of static t.ubc
charactcriBtirs ,\"ith no ,'oltage drops
because of bridge tran~fonn('r~, A CCIl-

t-ral s\\"itch position pClTnits measurc
ment of the static char:lcLcristics of both
:o::ections simultaneou:o::ly. There is al~()

pl'O\'ision for measuring j he de \'oltage
at the "plate" of the- ~ection who;o;e
dynamic ('oefficient i~ being measured.
This feature i~ particularly u!"eful in the
measuremen t of trallsistor~ or high-pia te
current tube::; where the voltage drop
across the 3-1-ohl11 primary of the output
j ransfol'mer may be significant,

Thc LCl'minal arrangClT1CnL for COll

llecting powcr :iupplics lIO\\' prm·idef; for
h\"(l grid, h,·o screen-grid. and t,\"()
plate sllpplie~, Two pair:o: of lermillal:-:
pennit COllllecf ing indi,"idual cathode
re:-::istor;o:; for the two tube ~p("tioll:-:. Panel
plug.": arc prm'idcd for paralleling heater
leads whell the tube i:s ele:-:igned for hOI h
12.li- and li.3-\'()lt heater operation.

.-\ Kuvi:stor socket is 110\\" :iuppliN! to
permit teBling t.his llOW line of tuhe:,.

Thc price rcmalll;:; ullchangcd <l t
SIIOOOO.

LOCAL EXHIBITS - SYRACUSE TO
WASHINGTON, D. C.

COil \"(~Il irlll, ('om pn:,hel)si "C, com po
tent, and ('ollci."-c, These "'orels de~crihc

the :-;ccolld a,nllllal Elcct rollic' In:-:tru mCII t
~lallufaetl1rers Exhibit (EL\l8), ('0

~ponsorcd by :O:CYet"l leading instnllTlent
manufacturer:-,. If yOll are between
Syracu:-;e and \\'ashingtoll

J
yOll can rench

an exhihit loc'aLion ca~ily. -;\[any ne\\
i 11:-;1 rumeli j ,"i to :-;01 \'c you r mC'a~urcmelll

pl'Oblen"l.,,{ will be demollstrated h.v rH('

tory ellgineers, You ('all discuss you I"

interests ill ulihurried UC'lHil.
The sponsor~arc Ce!l('I':t! Hadio Com

pany, Lamhda. EIC<'ll'OlIies Inc.. -:'\011

Linear Hy:o:tcllls Inc., Panoramic Elc('
tronies JIIC., SenE:iti"e Research 1m'.,
Tektronix [!l('., and 'Trio Labomtorirs
IIH'. 1'he :':iehC'elule of exhibit:-; is:
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Philadelphia. PClIlls::lnlllia, HellenIC'
Strntfol'd lIotel, October 3 and -1-, Tuc:-;-

:-)jT,\('u:-:e. :\C\\" York, Sheraton In II.

f'eplemlwI" 21, Thol",;,hlv. 12:00 -7:00
P.\l.

:\on\"alk, COI1I1l'tticlIl, \:on\-ulk
). I0101' III Il, Sepi cmlwr 25. :\ [onda..".
12:00 -7:00 P.\l.

Hoo:-;r\"(:-lt Field, L. I.. XC\y York.
:-;a~itmorc Room, Scplcrnbcr 27 and 28.
Wedoe"I,,)· Hod Thor.'day, 12:00-8:00
P.\f.

('('dar (;I'O\'c,

Tower,..:, Oc\ohel'
7:00 1'.\1.

\"('\\' .Jcr~cy, The
2. Molld"y. 12:00-

da)' and II'cdne,da.,·, 12:00-8:00 P.\£.
\Lltchung. :.\C\\" .J('r:-:c~·, \\'ally'", Oc

tohel" 9, \looday, 12:00-7:00 P.\1.
\ra~hington. D. C., :\[arriott :\Iotel,

Octobel" 11, Il'edne,;day, 2:00-9:00 1'.\1.
(;('lIcral Badia will he operating it~

llC'west frequen('y illst nlment~: the TYPE

J 130 ,..:cries of digital (,Ollnting ill::itru

ll1C'nts. the TYPE 11-12-..-\ Frequenc,"
1V[eIPr and F-I\I ])i~('l'jmillat{)r, and the
TYPE 1120-A Frcqucnt.)' Standard.
Among othcr nc\y illSI rurncllIs, ~ee the
TYPE I232-A Tuned Amplifier and '\ull
DelC'(·tor, the TYPE 1553-A ribratioll
l\ Iel er, and the TYPE 12(i-~-. \ ~ fodula Iillg
Power Supply.

BARGAIN SALE

TYPE 650-Pl OSCILLATOR-AMPLIFIER

Experimenter rcHder.... n'hn arp fo:.till
U:::oillg; TYPE 050-.\ In1pcdallcc Bridg('
(which has 110\\' heell J'l'plu('ec! hy the
'Tn'I'; 1050-.-\.) may he interested in
Hequiring a TYPE (i50-PI O::,cillator
Amplifi('l' \yhich tOIl\'Nl!" the bridge to
all Ht-operated instrument, prO\'ide~ a

1000 <,yele gcneratol' and (,1 de supply for
I'c.'iistance mcasuremenls, and illcillde~

all amplifier t.ulled to 1000 cycles for the
dcIC('lor (·ireuit. 'This iIISIl'llment, orig
inally priced at £155, is now available
at 587.50, "'hile (.hey last.

TYPE 1262-A POWER SUPPLY

Thi!" po\\"C'1' ~upply i:-: an at pO\\'er
pack, \\"hich COI1\'crt:=: the discontinued
TYPE 1551-..-\ ~ound-Lc\'cl ~[etel' to ae
operal ion. Origillall~' prieed a.t 870 ror
the 115 "olt model alld 885 for the 230
\"olt model, it is 1I0W availablc Lo those

intcrested at the reduced price of 825.
For JJ5 "olt supply order TYPE 1262-.-\.;
f01' 230 "olt soppl)' order TYPE 1262
.\QI8. Both models operate from po,,"er
lille frequcncies of 50-nO cps.

General Radio Company
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A
REMOTE CONTROL
FOR VARIAC@

AUTOTRANSFORMERS
Motor-driven Variac® autotransform

ers are often positioned from a push
button control. The push buttons op
erate a two-phase motor to change the
Variac setting and a voltmeter is used
to indicate the output voltage. While
this system provides the utmost in
simplicity and reliability, the meter
ballistics and the reaction time o[ the
operator require that the motor drive be
slow. Otherwise, considerable difficulty
is experienced in adjusting to the desired
output voltage.

A ne"· device, the TYPE 1590-A Re
mote Control (shown in Figure 1), elimi
nates the requirement for slow-speed

Figure 1. The Remote Control makes possible
precise voltage sellings on voltage transformers

from a remote point.

operation. The complete system is a
simple, closed-loop servomechanism, as
shown in Figure 2. This system auto
matically compensates [or load regula
tion and if a low power regulated line is
available to operate the remote control
line-yoltage fluctuations can also be
corrected. By suitable s\\"itching many
circuits can be sequentially adjusted
from a single control. The system main
tains the basic simplicity and reliability
of the push-button control while offering
the possibility o[ higher speed operation
and greater flexibility. 'rhe correction
rate depends upon the size of the driven
Variac autotransformer and can be as
high as 60 volts per second [or small
units.

The control Variac can be set to any
desired voltage. If the remote Variac is
not at the same voltage, the difference
voltage will appear across the two-phase
motor winding and cause the motor to
rotate. The phase of this error voltage,
and therefore the direction of rotation
o[ the two-phase motor, depends upon
whether the remote Variac output volt
age is greater or less than that o[ the
control Variac.

Since 10 volts or more is required to
overcome friction and start the motor,
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Figure 3. Schemotic diogrom showing the step
up tronsformer ond protective reloy.

the remote Variae setting might differ
hy as mueh as ± 10 volts from that of
the eontrol \·ariae if the dilTerenee volt
age were used directly. To decrease this
error, a step-up transformer is used
(Figure 3) between the brushes of the
Yariacs and the motor winding. Thus)
with a 100to-l step-up ratio, a I-volt
error can cause the motor to operate.

While the use of a 10-to-l step-up
transformer decreases the required volt
age difference between the Variacs by
1O-to-l, it also ereates the possibility of
applying ten times the full line voltage
or 1200 volts aeross the motor winding
if the Variacs arc momentarily set at
opposite ends. For example, this high
voltage could occur if the Variacs were
set at opposite positions before power
was applied or if the control unit is set
very rapidly from zero to full output.
To avoid this temporary high voltage
the transformer is designed to saturate
at 13 volts on the primary, limiting the
motor voltage to about 130 volts.

The magnetizing current in the trans
former increases rapidly as the core
approaches saturation and means for
limiting this current must be provided.
A series resistor is not suitable since a

value large enough to proteet the Variae
also contributes significant voltage drop
and phase shift in the applied motor
voltage, and therefore deereases the
motor torque and increases the minimum
error voltage to several volts. The use
of a nonlinear resistor can provide ade
quate protection for momentary large
error \'oltage and still contribute negligi
ble Yoltage drop and phase &hift as bal
ance is approached. This technique has
been used sueeessfully in high-speed
control units.

Sinee the Remote Control Unit must
be a general-purpose device suitable for
both slow- and high-speed applieations,
the peak power of 200 ,mtts may have to
be dissipated for considerable time, and,
hence, the use of any resistive current
limiting device is not attractive. For
this reason a protecti ve relay is used to
limit current. \Vhenever the error volt
age is large enough to result in a trans
former current greater than 2 amperes,
the relay switches to a transformer
primary winding with more turns. This
maintains the motol' voltage at a safe
value and limits the transformer current
\\'ithout dissipating too much power.

To limit the surge current before the
relay has time to operate, a 22-ohm
resistor is used in series \\"ith the trans
former. This resistor, combined \\'ith the
transformer winding impedance at sat
uration, limits the surge current to 20
amperes under the worst possible con
dition. This surge current flows for one
half eycle only. If for some reason the
protective relay should fail to operate~ a
Klixon breaker 'Yill shut off the control
unit before excessive temperatures re
sult. The breaker is operated both by the
heating of the current-limiting resistors
that dissipate most of the power and by
1he rarine brush current.

Figure 2.
Elementary
schematic of
the servo
system.

,..-----,

~I!i-~..",.~-4:I""
LOAO

COlol"lANO
\lARIAC"
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Voltage Correction

The voltage fluctuations arising from
load changes arc automatically com
pensated, since at balance there can be
no appreciable difference of voltage be
tween the control and driven Variacs. If
a regulated line is available to supply the
small amount of po,,"er needed to op
erate the command ,.ariae, corrections
can also be automatically obtained for
fluctuations in Line voltage at the remote
autotransformer. The regulated line
must have low impedance at 60 cps and
must have the same phase angle as the
unregulated line to the remote unit. Such
a combination can provide large amounts
of power at a regulated voltage which is
adjustable from zero to 140 volts. The
addition of a buck-boost transformer, to
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limit the correction range to ± 10%
about the normal line voltage, will result
in an increase of 5:1 in the power rating.

- 1\1. C. HOLTJE

- C. A. TASHJIAN

Ordering

To order the proper motor-driven
Variac autotransformer, use the same
type-numbering system as for our stand
ard motor-dri \-en unHs. The motor
capacitor and micros\Yitches, specified
by C and K in the type numbers for
standard units, are not used with the
TYPE 1590-A, except on 64-second
models. For all others these letters
should be omitted from the type num
bers. Thus, for 2% positioning accuracy
with a TYPE WlOG2 Variac autotrans
former, order TYPE WIOG2D8.

SPECIFICATIONS

Tracking Accuracy: ±2% of input line voltage,
when used with motor speed listed in Ule table.

Power: 105 to 125 volts, 50 to 60 cps.

Acceuories Required: Standard motor-driven
Variac autotmnsformer less capacitor and
microswitches.

Connections: Knockouts and a terminal strip
are provided in the case for the four leads
necessary to connect the control unit to the
remote \'ariac autotransformer.
Dimensions: Width 4%, height 6%, depth 5}8
inches (124 by 169 by 149 mm) over-all.
Net Weight: 6% pounds (3 kg).

TRAVERSE TIME AND CORRECTION RATE
FOR 2% POSITIONING ERROR:

SINGLE TWO-GANG THREE-GANG
UNIT IG21 IG31

DRIVEN
VARIAC Approximate Approximate Approximate
AUTO· Traverse Correction Traverse Carrection Traverse Correction

TRANSfORMER Time· Rate Time· Rate Time· Rate
MODEl (Seconds) {Volts/seel (Seconds) (Volts/seel (Seconds) (Volts 'seel

W2 2 60 2 60 4 30
WS 2 60 4 30 8 "WIO 4 30 8 15 16 8
W20 8 15 16 8 32 4
W30 16 8 32 4 32t 4
W50 32 4 64, 2 64ft 2

*If half the positioninj!: error is desired. the tra\'erse time ean be doubled, giving half the correction rate. Tra"erse time
greater than 64 seconds should not. be used,
t3% positioning error.
tExeeption: mieroswitches neces.sary on 64-second models.

Type I
--"-9-0-.A- Remote Control.

RE~ICO

Price

$95.00
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THE IMPACT NOISE ANALYZER

Measures Both

Electrical and Acoustical

Noise Peaks

Figure 1. The Type
1556-8 Impact Noise

Anoly:ter with Ihe
Type lSSl-C

Sound·Level Meter.

•

The revolution in business communi
cation, brought about by the transmis
sion of data over private wire circuits to
and from computers and other business
machines, has made necessary new
methods of evaluating telephone-line
noise to permit better rating of a line for
its adequacy in this application. The
noise on a line can introduce errors in the
data transmitted. Since the transmitted
signal is usually a series of pulses, a
simple measurement of the rms value of
the noise is not adequate. The measure
ment of noise peaks is a better approach,
and the TYPE 1556-A Impact Noise
Analyzer' has been extensively used for
this purpose. In such tests many read
ings are taken, and the operations re
quired can become tiresome. In order
to make the instrument more convenient
for this usc, as well as for the measure
ment of acoustic impact noise, a new
model, the TypE 1556-B, shown in
Figure 1, is now avajJable.

IArnold Putcrson, "The i\leasuTCment of Impa.ct Noise,"
General Radw Experimenter, 30, 0, F'cbruary, 1956.

The new model has all the features of
the earlier one. For instance it can
measure the peak value of an impact or
electrical pulse and store this value so
that an indicating meter can be used to
show this peak, even for a single pulse
that has a duration of only tens of
microseconds. Ordinarily, the stored
signal must be erased before another
pulse is measured, and one can do this
by setting the rotary switch in a
"RESE'l-''' position. This resetting, how
ever, must be done many times in a short
period when noise on data transmission
lines is measured, and a more convenient
means is desirable.

In the new model, at the suggestion
of the Bell Telephone Laboratories, an
auxiliary button that can be pressed to
reset the circuits more easily and
quickly has been added. This button can
also be operated by a camera cable re
lease. Since one length and type of cable
reiease is unlikely to satisfy most cus
tomers and since cable releases are
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readily available, they are not furnished
with the instrument.

Field experience with the analyzer in
the measurement of acoustic noise has
also indicated the desirability of this
change. Although the original problem
that led to the development of the im
pact noise analyzer was that of measur
ing the high-level sound from impacts
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in heavy machinery, the instrument has
been widely applied to the measurement
of relatively quiet impacts. Here, the
impact noise from the detenting action
while switching out of the "RESET"

position could interfere with the desired
measurements. In the I1C\V model it is
possible to reset and release more quietly.

- ARNOLD PETERSON

SPECIFICATIONS

Input: Any voltage from 1 to 10 volts for normal
range. Inputs below 1 volt reduce the range
of reading.
Input Impedance: Between 25,000 and 100,000
ohms, depending on the seLting of the LEVEL
control.
Frequency RClnge: 5 cps to 20 kc.
Level Indication: Meter calibrated in db from
-10 to +10. Attenuator switch incrcases
range by 10 db.
Peak Reading: Rise time is less than 50 micro
seconds for a valuc within 1 db of peak valuc
(for rectangular pulses). Storage time at normal
room temperature is greater than 10 seconds
for a I-db change in value.
Quasi-Peak Reading: Rise time of less than >i
millisecond and decay time of 600 ±120 milli
seconds for rectifier circuit.
Time-Average Reading: Charge time of rectifier
circuit selected by seven-position switeh, having
times of .002, .005, .01, .02, .05, 0.1, and 0.2
second for tbe resistance-capacitance time

constant. Storage time at normal room tem
peral..ure is greater than 1 minute for a l-db
change in value.
Accessories Required: A sound-level meter or
frequency analyzer to supply the analyzer input
if it is to be used for acoustic measurements.
Input Terminals: Cord with phone plug at one
end.
Balleries: One 172"-volt size D flashlight cell
(Rayovac 2LP or equivalent) and one 45-volt
13 battery (Burgess XX30 or equivalent) are
supplied. Typical battery life is 100 hours.
Transistors: Two 2N1372 and one 21\ 1374.
Tube Complement: One TYPE CK6418.
Cabinet: Aluminum; carrying case. supplied.
Case fastens directly to one end of TYPl'J 1551
Sound-Levcl Meter.
Dimensions: I-Ieight 47,i, width 772", depth 6:.1
inches (110 by 195 by J65 mm).
Net Weight: 4;!1" Ib (2.1 kg) i carrying case, 1 Ib
(0.5 kg).

1~1 ~~I~--,-••'-.'---.- -'-m-p-.-,-,-N-.-',-.-A-n-.-'y-,-.-,-.-..-.-.-.-.-..-.-.-.-.-.-..-.-.-.-.-.-..-.-.-.-.-.-..- --J\I-E-O-A-'.-- $220.00

TYPE 1263-B AMPLITUDE-REGULATING
POWER SUPPLY

For most measurements it is desirable
that the generator output amplitude be
constant with frequency. The TYPE
1263-A Amplitude-Regulating Power
Supplyl has provided a convenient means
of accomplishing this with General Radio
Unit Oscillators and has been particu
larly useful in conjunction with the

lW. F. Byers, "The Type 1263-A Aml>litudc-Rcgulating
Power Supply," Genera.l Radio Experimenter, 29, 11,
April, lQ55.

TYPE 1750-A Sweep Drive for sweep
frequency measurement techniques.

A new model is now available, TYPE

1263-B, which has similar characteristics
to its predecessor. It can be used with
the Sweep Drive as well in circuits where
the oscillator frequency is changed
manually or by means of the TYPE 907-R
and 908-R Dial Drives.

A feature of the new model is provision
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Figure 1. Ponel view of the Type 1263-8 Ampll
tude-RegulOiling Power Supply.

for square-wave modulation of the
oscillator at 1,000 cps. This feature is
particularly useful in frequency-response
measurements because it permits the use
of a tuned audio amplifier following the
detector, thus achieving high sensitivity
with simple equipment. The TYPE

1232-A Tuned Amplifier and Null De
tector' is an excellent amplifier for this
purpose. The square-wave modulation
feature provides modulation free from
incidental fm, a necessary condition for
frequency-sensitive measurements.

The housing has been changed to the
rack-bench type,' compatible with the
TYPE 1361-A UHF Oscillator.' The two
units can be attached to each other to
form a rigid assembly.

Circuit

Figure 2 is a schematic of the
power supply. With the controlled os
cillator unmodulated, the de potential
developed by the oscillator output
rectifier is compared with a dc reference
potential, and the difference is brought
to a minimum by a change in the os
cillator plate voltage. When the oscilla
tor is modulated by the internal 1-kc
square-wave source, the average carrier
level is controlled, which corresponds to
one-half the maximum amplitude. Maxi
mum oscillator output that can be con
trolled is 2 volts unmodulated and 1
volt modulated, corresponding to 2 volts
at modulation peaks.

'A. E. Sandersoo. "A Tuned Amplifier and Null De
tector," Central Radio Expmmen1u, 35, 7, July. 1961.
IH. C. Littlejohn. "The Case of the Well_Designed
Instrument," General Radio E:cperiml:7l1er, 34, 3, ::\1arch,
1960.
-0. P. MeCouch, "A New UHF Signal Source," GeM:ral
Radio Experimenter, 35, 3, :\[arch. 19(11.

TVI'( 874_yfl

~tl ~~~Jt:-r-r;PU:Lfl-:r,H(;:::5;o=r==!\~OSC'llATOR I: n
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I
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I
I
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~

Figure 2. ElementOiry Ichemotlc of the Ampli
tude-Regulating Power Supply with rectifier

and rf OlclllOitor.
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~2~~ 1*350.
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Figure 3. The Type 1750-A Sweep
Drive ond the Type 1263-8 Amplitude
Regulating Power Supply set up to
sweep a Type 1208-8 Unit Oscillator,
thus providing a constant sweep out
put over a frequency span of 250 Me
to 920 Me. The equipment shown here
is listed below, wi.h the exception of

the oscillator C1nd sweep drive.

Since users may prefer to provide
their own rectifier for the oscillator out
pui, this is not supplied. The TYPE

87-1--VR Rectifier is recommended, how
ever, and plugs directly into the coaxial
output connectors of General Radio os
cillators and is readily connected to the
connector on the panel by a 'TYPE

874-R22 Patch Cord. The panel meter
indicates the oscillator output voltage
and, when a TYPE 874-VR Voltmeter
Rectifier is used, indicates the equivalent
zero-impedance generator voltage III

series with 50 ohms.

Applications

For automatic sweep operation of the

SEPTEMBER. 1961

oscillator, as, for instance, in the display
of amplitude-frequency characteristics
on an oscilloscope, the TYPE 1750-A
Sweep Drive is recommended. The com
plete assembly is shown in Figure 3. For
this application, a blanking contact is
provided in the sweep drive.

For slO\ver-speed plotting, as with an
X-Y plotter, TYPE 907-R and 908-R
Dial Drives can be used. Figure 4 is a
block diagram of a typical assembly.

Oscillator

The TYPE 1263-B Amplitude-Regulat
ing Power Supply can be used with the
following General Radio Oscillators:

SUPPLY

TYPE

90:1~~9f> 1------"'-··-'-"-'-"-'"-'-"-------------'
OIUVE

Figure 4. A typical setup far pla"ing frequency characleristiu.
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Price

1211, 1215, and 1209 Unit Oscillators
will operate satisfactorily with this
pOII'er supply after a slight modification
of the terminal connections. Other os
cillators with compatible power require
ments can be operated if a dc connection
can be made to the cathode circuit to
apply plate current control.

-\Y. F. BYERS

FREQCEXCY RA~GE

0.5 to 5 Mc and 5 to 50 :VIc
50 to 250 1I1c
180 to 600 ~1c

250 to 920 :\1c
450 to 1050 Mc
900 to 2000 Mc

The earlier, A-models, of the TypEs

SPECIFICATIONS
Rf Output Voltoge: 0.2 to 2.0 volts behind 50 Hum and Noise: Peak residual hum and noi!'('
ohms for any recommended oscillator (sec modulation is less than ±O.3% on cw; less
below), and a TYPE 874-VR Yoltmeter Rccli- than ±3% with l-kc square-wave modulation.
fier. ,rith l-kc square-wave modulation, 0.2 to Output Voltmeter: Internal standardizing circuit
l.0 volt behind 50 ohms (average). is provided. Accuracy after standardizat.ion is
Rf Output Regulation: Below 500 1\lc, rf output better than ± 10% of indication when a cor-
of recommended Unit Oscillat.ors is held to rcction is applied for rectifier characteristic at
within ±fij'o including the effects of harmonics. exfremely high frequencies.
This regulation can be attained up to 2000 l\-'1c Tube Complement: Four 12AX7, one each 5903,
if proper low-pass rf filters are used and a cor- 6V6GT, 0:'\2.
rection applied for the output-rectifier fre- Power Input: 105 to 125 (or 210 to 250) volts,
quency characteristic. 50 to 60 cps, 55 watts maximum, at full load.
Modvlolion Au:essories Supplied: TYPE CAP-22 Three-Wire

Frequency: I-kc square-wave, adjustable Power Cord, connector cable for modulation
±5'7c, stable to '\lthm 5 cps over the rated jack on oscillator, spare fuses.
range of line voltage. Other Accessories Required: TYPE 874-VR Volt-

Duty Rotio: 0.5 to 0.53, adjustable to com- meter Rectifier, TYPE 874-R22 Patch Cord
pensate for oscillator starting delay. for connecting output rectifier, and TYPE 874-T

Rise ond Decay Times: 50 J.tSec each. Tee for monitoring oscilloscope connection in
Overshoot: :\one. sweeping applications.

Recommended Oscilbtors: TYPE 1215-B (50 to
Romp-off: Less than 0.5%. 250 :\lc), TYPE 1209-BL (180 to 600 :\1c),
Gote Voltoge: Synchronized with "off" Typ~; 1209-B (250 to 920 1fc), TYPE 1361-1\

interval of modulation, exceeds 1 volt into the (450 to 1050 Me), TYPE 1218-A (900 to 2000
recommended load of 30 kn shunted by 300 pf. Me), and for ew operation only, TYPE 1211-B
R.ise and decay times are less t.han 50 ,usec each. (0.5 to 50 Mc).
Gate output during "on" interval of modulation Other Accessories Avoiloble: The TYPE 175O-A
is less than .01 volt. Sweep Drive is recommended for automatic
Plate Supply Outpul: 0 lo 300 volt.s at 30 rna. operation; coaxial cables, connectors, atlenua-
Heoler Supply Output: 6 v ±1O% at 0.5 amp, tors, filters, and adaptors; TYPE: 480-1'408
5.4 v ± 10% at 0.7 amp. Pnnel Extensions for relay-rack mounting;
Response Time: For a 2-to-l step variation in TYJ'E 480-1'416 Panel Extensions for rack
oscillator outpul, correction is completed mounting with the TYPE 1361-A UHF Oscil-
within 0.5 msec with cw operation, 50 mscc lator.
with l-kc modulation. Recovery lime after Mounting: Aluminum panel and cabinet.
blanking is less than 2 msec with cw operation, Dimensions: Width 8, height 7, depth 9:4
less than 200 mscc with l-kc square-wave inches (205 by 1 0 by 235 mm), over-all.
modulation. Net Weight: 147"2 pounds (6.6 kg).

Type Code IVord

TYPE
1211-B*
1215-B
1209-BL
1209-B
1361-A
1218-A
.Not recommended for modulated operation

$355.00
30.00
11.00
7.60
8.00 Pair

GAVOT
COAXRECTOR
COAXTOGGI-;R
COAXTANNER
EXPANEW ....G

1263-8
874-VR
874·T
874·R22
480-P408
480-P416

Amplitude-Regulating Power Supply.
Voltmeter Rectiner.
Tee.
Potch Cord.
Ponel Extensions (poir. for power supply only).
Ponel h:tensions (pair. for power supply and Type 1361.A

UHF Oscillator). EXPANELNIT 6.00 Pair

The previous model of the Amplitude-Regulating Power Supply, TYPE 1263-.-\, is still available.
This model does nOI provide l-kc square-wave modulation. The TYPE 1263-A is priced at ....305.00;
code word is SALOX.
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SIX -DIAL DECADE RESISTOR

Figure 1. View of the Type 1432-X Decade
Resistor.

General Radio decade resistors are
stablc, accurate units designed for use
at audio and radio frequencies as well
as at de. Available in single decades or
in multi-dial boxes, they have been
manufactured continuously since 1915.
The design and construction of the re
sistors are constantly being improved,
as new materials and production meth
ods become available, and new combina
tions of decade units in the TYPE 1432
assemblies are made available as demand
becomes evident. The latest is the TYPE

1432-X Decade Resistor, shown in
Figure 1, a six-dial box with a total re
sistance of 111,111 ohms, adjustable in
steps of 0.1 ohm.

Mechanical protection, as well as
eledrical shielding, is provided by the
aluminum cabinet and panel, which
completely enclose both the resistors and
the switch contacts. The resistance ele
ments have no electrical connection to
the cabinet, for which a separate shield
terminal is provided.

SPECIFICATIONS

Accuracy of Adjustmen!: AU resistors are ad
justed at dc within ±0.05% of the stated
value at their terminals, except the l-ohm
units, which are adjusted within ±0.15%, and
the a.l-ohm units, which are adjusted within
±0.5%.

Totol Resistonce ot Terminols: Sum of dial
settings plus the zero resistance given below.

Frequency Chorocteristics: Similar to those of
individual decade resistance unit.s, modified by
the increased series inductance, Lo, and shunt
capacitanee, C, due to the wiring and the pres
ence of more than one decade in the assembly.
A t total resistance settings of approximately
1000 ohms or le.':is, the frequency characterist.ic is
substantially the same as those shown in
Figure 2. At higher settings, shunt capacitance

Figure 2. Maximum
percentoge chonge in
series resistonce as a

function of frequency for
decade-resistonce units in

Type 1432-X Decade Resistor.

""
20", 10,n
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Figure 3. Equivalent circuit of CI resistance
decade, showing location and noture of

residuol i mpedoncu.

becomes the controlling factor, and the effecLive
value of this cl1pu('itance depends upon the
settings of the individual decades. See ltesidu111
Impedances below, and Figure 3.
Residual Impedances:

ZerQ Resistance (Ro): .001 ohm or less per
dial at de; O.O-t ohm per dial at I :\Ic; propor
tional to square rooL of frequency at all fre
quencies above 100 kc.

Zero Inductance (Lo): 0.10 ~h pcr dial.

ElJectiL'e Shunt Capacitance (C): This value
is determined largely by the highest decade in
use. With the LOW terminal connected to
shield, a value of 15 to 10 pf per decade may be
assumed, counting decades down from the
highest. Thus, if the third decade from the top
is the highest resistance decade in circuit (i.e.,
not set at zero) the shunting termina.l capaci
tance is 45 to 30 pf. If the highest decade in the
assembly is in use, the effective capacitance is
15 to 10 pf, regardless of the settings of the
lower-resistance decades.
Temperature Coefficient of Resistance: Less than
±O.OO2% per degree Centigrade at room
temperatures, except for the O.l-ohm decade,
where the box wiring will increase the over-all
temperature coefficient.
Maximum Current: See Table. Values for 40°C
rise are engraved on panels directly above
switch knobs.
Terminals: Jack-top binding posts set on
General Radio standard :7.(-inch spacing.
Shield terminal is provided.
Mounting: Aluminum panel and cabinet.
Dimensions: Width 4~6 inches (110 mm);
height 4%" inches (120 mm); length 187.l
inches (470 mm).
Net Weight: 7 pounds, 8 ounces (3.-1 kg).

TABLE I

RESISTANCE ACCURACY MAXIMUM
PER STEP OF CURRENT POWER

I~.J RESISTANCE 40°C PER STEP ~l

OHMS INCREMENTS RISE WATTS "h

0.1 ±0.5% 1.6 amp .25 0.014
1 ±0.15% 800 rna .6 0.056

10 ±0.05% 250 rna .6 0.11
100 ±0.05% 80 rna .6 0.29

1,000 ±0.05% 23 rna .5 3.3
10.000 ±0.05% 7 rna .5 9.5

RESISTANCE

_~T.,.yp.,.E~_I--=- __~__I__T_O_T_A_'__ 11 MUlrlPlE OF

1432·X Decade Resistor 111,1' 1 0.1

NO. OF
DIALS

6

CODE
WORD

DOGMA

PRICE

$160.00

General Radio Company
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NEW AND IMPROVED COAXIAL CONNECTORS

LOWER YSWR-NEW LOCKING TYPES-LOWER LEAKAGE

The TYI~E 87.... Coaxi~lI Connector·
ha:o; fOlllld increasingly wide acceptance
each year since its introduction in
19-18. It is a UniCjllC device, designed
pl'imnrily for use in rncasurcmcnt sys
ten"\.'5 and compatible, through a COIll

prehensive line of low-reflection adap
tors, \\'ith all ot.her cOIl"llTIonly used
eoaxial connectors.

It:; hermaphroditic feature - all con
neclor:"; are identical and anyone plugs
dirc(-tly into any other - :1lld its ex
ccllellt "S\\,R hO\'e made it the ba,is of
an cxtcnsi\'c line of rnca:-iuring instru
ment::.: and accessories for lise at frc
qucll('ic.., up to about 5000 ~[c. Because
the original design of the connector
contemplated its manifold applications,
thc~c instruments ha,·c provided out
sf,anding performance and versatility
both in the electronics indust r.v and in
educ:tt ional institutions.

'To the instrument manufaetlll'er, the
problcrn of ,Yhat type of coaxial <;011

nectar to supply on his product has been
a difficult one, for different customers
,nlnt different types of connectors. The
'("'YPI:: 87--1-, ,,"ith its as~o('iated line of
adilptars, has pro"ided the ~alution far
a growing list of instrument manufac
turers. Xew connector ~1nd adaptor
dcsil!:n~, de~cribed in this article, make
thi~ solution much rnarc attmctiyc and
more ~atisfactol'Y than C\'cr before.

'The usc of se"eral millions or these
COlll1rctors in a wide "ariety of applica
t ions at frequencies rnnging fl'orn de to
~c\'(~ral thousand mcgacy(']es per sP{'olld

"(', H, Pal<.'llt .'\0. 2Ji,.s"l.li.

Figure 1. (Lefl) Type 874 Coaxial Connector. (Right)
Cron section of two connectors plugged together,

has clearly demonstrated the vcrsatility
and J5oll11dnc:;s of t h(' ba:-;ic cOl1ecpL ~lIld

de:--ign. 2\ot sllrpri ....ingly, hO"'c,'el', !"uth
wide:-Jpread usage has also indicated
where imprm'ed performance \yould
further enhance the utility of the <,011
ncttor and hns gcneratcd requests for
additional feahlrc:-;, 'rhe impro,-emcnt:-;
most frequently requc:-itcd hu,ye ('cllten'd
in foul' al'ca~.

1. The desire for ;l, permancnt COII

nection is ob,-iollsly ill conflict ,Yith thc
dcsire for <luick-connect 'disconnect fea
ture of the TYPE 87--1-. ?.... eyel'theles:-i,
many l\.'iers have expressed u desire for
u penTlt1nent locking fentllre \\"hile ~till

l'etnining all the other de:::irable clu1r:l('
tel'istics of the connertor.

2..\lthough rf leakage is of the same
order as that found in ot her widel~' u~ed

COIlIlCCtOI':'I. the ll..-:efulne. of the ('on
nodoI':-- in certain critical applieatioll:-;
would be increased if the leakage \H're
rcduced,

3. "\Ithollgh \"S\\"R for the:"e COlllH'('

tors has hecn 100\'cl' Ihan that of mo:-;t
01 hoI' ba.-:ic <,onnector:; up to l"l'cqllencie..-:
of the order of ~OOO or 5000 :\1e, a redl\('
j-ion in the VS\VR and an even \"icler
fl'equell(;y range \\'ould naturally be
welcomed. The VSWH 'hould al'o be
('Iosel~r reproducible, r('gal'dlcss of hmy
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t11,U1y times a pair of connectors is
plugged together ancl unplugged.

.J-. In the original de~ign, some 1008en
illg of the connector assembly could OCellI'

\\"ith prolonged lISC as a result of cold
(-JO\y of the insulating support bead. A
design in which the secureness of the
connector assembly does not depelld
upon the bead compression \\"ould pro
\"ide more rigid and permanent me
chanical assemblies.

An active and coni inuolls develop
ment program in design, manufacturing
technique, and quality eontl'ol has been
carried on for several years, \yith par
ticular emphasis on the areas mentioned
abo\"c. The results of this program to
date are detailed below, wherein the
nc\\- locking version of the connector is
described, as well as the improved per
fOl'lnance and reliability of both the
10l'king and the non-locking vcrsions.
Induded in the expandcd line are abo
locking adaptors to other types of con
llPetors.

GENERAL IMPROVEMENTS

1\1inor revisions jn dimensions, closer
tolerances, impl'o\"ed tooling, and a
particularly rigorolls program of statis
tical qualit.y control han~ extendcd thc

range of satisfactory operation to about
7000 ~·1c, improved reliability, rcdu('ed
VS\VR variation from unit to unit, and
improved the mechanical feel alld ease
of use of the connector. 'The most sig
nificant design change, ho,,-eve1', pro
vides a secure rnetal-to-metnl joint in
the outer conductor assembly, eliminat
ing dependence on compression of the
polystyrene bead \"hich 110\'· ~('rves only
to support the inncr conductor. Although
the bead is still put under compression
when Lhc conncct.ot' is assembled, this is
merely to cnsure that, t,he bead stays in
place. Figurc 2 shows this construction.

.:\eedless to say, one of the important
criteria for any design change was that
the improved connector be compatible
electrically and mechanically \\"ith con
ncctors already in lise. Any 'fYPE 87-1:
e(mnedor, regardless of vjntage, will
connect satisfactorily to any other
TYPE 874 connector. *

THE NEW LOCKING CONNECTOR

'The ncw locking vcrsion of the I'Yl'E

874 complemcllh-; the non-locking, (jllick-

*Thc on\:l· exception Ii; that n. nc\\" lockill).!: conncctor will
not matc with n. 'l'rPE 87..\_P Pancl COIlllCclOr because of
its lOll).!: sl'rOlld. This t~·pc of connector is no\\" rcplaccd
by the TYPE 87..\-1'1~ lind -PT, l':.lnpl Conncr-tors.

CONNECTOR INNER CONDUCTOR
KEYED TO INSULATOR BEAD

METAL-TO- METAL JOI NT OF
CONNECTOR TO LINE
THROUGH ONE RETAINING RING
PLACED IN FRONT GROOVE

OUTER CONDUCTOR OF LINE

Figure 2. Sectional view of im
proved non-locking connector.
The back edge of the connector
outer conductor is drawn up
against the retaining ring when
the coupling nut is fully tight
ened. The beveled inside sur
face of the coupling nut forces
the split retaining ring solidly
against the bottom of the
groove in the outer conductor
of the line, and thus a solid
metal-to-metal joint is ob
tained between the outer con
ductors of the connector and
line. The insulating bead is
held securely in place by four
small tabs which sink into the
insulator as the coupling nut is

tightened.
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Figure 3. Sectional view of the
new locking connector. The
solid metal.lo-melal joinl be
tween the connector ond the
line on which it is mounted is
obtained by clamping a pair of
retaining rings against a ridge
between two grooves in the
outer conductor of the line. As
the coupling nut is tightened,
the two rings ore forced against
the ridge by the bock edge of
the connector outer conductor

and a shoulder inside the
coupling nut.

Bun CONTACT OF COUPLING NUTS

CONNECTOR INNER CONDUCTOR
KEYED TO INSULATOR BEAD

LOCKING NUT
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cOllned discollnect type by prU\'iding a
rigid ('ol1neetion 1'01' semi-permanent il\
stallations. These arc no\\" in production,
and they offer the follO\\"ing features:

1. Provision for rigid mechanical
coupling (at the user's option. connectors
,,-ill matc without lo(~killg).

2. Ea:-:c of u:"e.
3. Bel-ention of the hermaphroditic

feature so that any 1".\YO conncctors \yill
mate and lock toget hcr.

--i-. Compatibility \\'ith cxist ing non
locking TYPl!: 87--i- conncctors.

5. Hctent ion of the qui('k-<'olllled!
disconnect feature \yhpn the lo(~king

feature i~ not \yanted.
The last t\\·o i1('ms arc particularly

~ignificallL Thc ability to connect to
gethcr a non-locking and a locking typc
(and to llS(' the loek 01' !lot to use it as OIlC

chool"iPs) re;-;uHs ill a coaxial ('onnet't,or
system of extraordinary flexibility and
versatility.

Figurc 3 sho\\-s ill detail hO\\' thc
above results have heen af'hieved. Thc
coupling nut, which fastens the outcr
connector to the coaxial line, has been
modified and a locking nut ndded. \\Then
t\yO locking rrYPF~ 87--i-'s arc plugged to
gcthcr, thc locking !lut of cithcr ('an be

scrc\\"cd onto thc Goupling Ilut of the
other to lock the GOllnectioll, The locking
nut Oil the sccond COllneetor is baeked
off to a storage posit.ion. \Vhen the t\yO
connectors are mated and loeked, the
coupling Huts are hutted together and
prO\"ide a stop, eliminating the pos:-:i
bility of damage to the inner 01' outcr
conductor through O\'ertightening,

The solid metal-tn-metal joint mctl
tioncd prc\'iously i~ an integral and, in
fact. csscntial part of thc dc~ign of the
lo('king conncctor.

The 118\" locking COllllcctors are avail
ahle for use 011 air lillcs, cablcs, and
pancl~. Lo('king ('ahle COllneclors are
available in five sizes to accornmodatc
various papillar coaxial cables, Locking
pancl conncctors arc antilable in both
rccesscd and nonreccssed ver~ions, cach
h~l..\"ing four cablc sizes and one \\'ire-Iead
type,

ELECTRICAL PERFORMANCE

Standing- Wave Ratio

VS\VIl characteristics of typical TYI'I~

87-l-BL Locking Connectors and TYPI<;

87-l-B COllnectOl's takcn from a current
produetion run are sho\\"11 in Figure -1-,

T'he slight difference betwcen thc
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Figure 4. Typical VSWR of Type 874-B ond -Bl
Connectors. Each curve shows the VSWR thai a

pair of connectors introduces into a line.

VS\VR of the locking and non-locking
"Versions is the result of a design feature
\Yhereby the connectors are normally
disengaged very slightly ,,"hen the lock
ing nut is fully tightened, thereby pl'e
Yenting forced bottoming, \\-hich might
cause distortion of the connector con
tacts. The VSWR characteristic plotted
corresponds to the statist ically maximum
disengagement of the eOlH1PctOI'S.

In addition to the impl'Oved mechan
ical features of the locking connector, the
l'f leakage has been greatly reduced,
owing to the additional shielding pro
\'idcd by the coupling and locking nuts.
The leakage from typical sets of the
'j'y p I:: 87--1--BL Locking Connectors is
shmyn as a function of frequency in
Figure 5. The leakage characteristics
of the non-locking T'YPE 87--1- Connector

6

and 1'ypcs BXC and. N cunnectors are
~ho\Yn for comparison. An inlprovement
of approximately 50 db over the nOI1

locking version is shown.
For the:se measurements, the con

nectors tested were inserted in a coaxial
line, which ",ras terminated in 50 ohms.
'This line \\"as in turn made the center
conductor of a larger, tcrminated, 50
ohm eoaxial line, and the pO\yer leaking
into the larger line was measured. The
db values indieated in Figure 5 are the
ratios of the po\yer input to the internal
coaxial linc to the leakage pO\\"cr ab
sorbcd in the termination of the largcl'
line.

NEW AND IMPROVED ADAPTORS

Obviously, the TYPE 8H Adaptors
\\"ere designed to adapt TYPE 87-1 Con
nectors to other coaxial connectors, but
cqually important is their ability to
intcrconnect different types of military
connectors \\·ithout introducing major
renections (sce Figure 6). The more
types of connectors involved, thc morc
attractive are the 'rYPE 874 Adaptors.
As an illustration, supposc that the

Figure S. Leakage
characteristics of
several types of
cooxiol connectors.
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Figure 6. Type 874·QCP and -QNJA Adaptors
plugged together. This assembly will connect a

Type C jack to a Type N plug.

equipment ill a lahoratory ('oll1;\illet! the
Type, B'\C, C, 11:\, 1.'1', :\, alld 1'111'
plug:, and jacks. The 1I11111lwl' of dirl'('l
adaptors needed to infer('olllw{"{ allY

conn{"('tor with allY otlWI' type is GO,
\\"hilc only 12 TYPE 87-1 .\daptors ,,-ill
do the same joh (alld p('rlllil ("OllilCdioll

to Typ~ 87-1 ('01111('("101':"; :1:-; \H'II). :\oL
ollly i~ there all ('('OIlOlll)' itl adaplol':-i,
but l ;-;incc IY1Htly of t Iw 11(,('<.Ie<1 00 direct.
adaptors do not cxi~j, :l pair of inter
mediate TYPE 87--1 Adaptors oftell (,Olll

pri~c:" the most dil'cd mean...; ~l\·ailahl('.

The performance of standard 11011

locking adaplor:-i has hoclI illlpron'd by
redesign thaI illl'orporalps the hasi('
conncctor irnpro\'clllclIl:-i aln'ad~' di:-:
cusscd. In addit iOlI, 1ll0:-il ;~daptor:-; ha \'c
been short.cncd, and at till' :-;allIC t illl('
the performallce of t.he "rnilitary" t'lld
of the ('oIlI1N'lor ha~ hecil i1l11)l·O\·cd. I"ll

1110,t C'l'e~, Ihe Yf;lrR of all adaptor
\\'i tit i t~ t\\'o tOllllc(·tor."; i:-i UI"l low as, or

10\\,('1' j hall, I hal of the (·oITc:.-pondinJ;

~talldard llIilitary ('Ollll('dol' (;-.;ce Fi~. 7) .
.\ 11('\\', :.-ho]'lelled adaptor is idf'ntifiPd

hY:I final .\ ill the lypc llllllllwr. Ei~hl

su('h ;HlaptOI'.", arc P]'('~(,lltl.Y a\'ailahlc to
cOllncd '1'''1'1'; 87-1 ('Ollll('('lll],~ to Type'S
IC\(', JI\", ;IIH.I 1,(; plllg:-i alld j<ll'k~, and
'I\pc::,; (' ;llld :\ plug:.-.

L(lIlgcl' life ;l11d more !'t'liahle pCI'
forlll:III('C \"ill Iw ohtaillPd frolll all liP\\'

'I'YI'E 87-1 .\daptors thall from tht'"
:-:t:llld<lrd lllilil a1'.\' ('Ollll('clo]'s io \\'hi('h
Ilwy 111:11(', h('l';\ll:-i(, hardl'lu'd bcryllillm

('opper (01', ill :-iornc IYPt':-i, pho:'iphor

hrollze) i:-i 11."'('(/ ill the phlg GOlltacts
ill:-i!C;ld of hl':I:-i:-i,

NEW LOCKING ADAPTORS

To the long li:--I of a\'ailahh- TYPE 87 J
.\daptor:-i It:l\'(' Iwell add('d :-:('\Tral POPIl
lar l."p(':-i ill('orporal illg t Itt' II('W Im·kill/.!;

(·OllI1cl'lor. Thl' Im'king f('at lire i:-i 110\\"

a\'aiblhle ill :--ix of 11lC IllOrc popular
;ldaptor:-i. Ea(·h of I hp."ic adaptor~ ('011

tail1:-i lo('kil1~ TYI'I~ 87L l COllllcGlor and a
Type 13:\(', C, :'1, fiC, '1''\C, or I'HF

874·OLTJf874-OL.1P{7.-.....,
;

LIZ

,,,.
,,~

1.10

~ Loe

""'o~""L--=:-:==::,:=..::::.....:""':::::--=:==.:::::J

f'IlEI:U:NCY'GC

1.16,-,-,---,-,---,
1.14--'

'I
I- -J"W l-i- ~, l- I0

1
1\ if 1

874' ?"JA J-- A '"1/ ' .-7/' v, 874.QUIAJ, I I I I I, , ,

Figure 7. Typical VSWR
introduced in line by pcrir$ of

Type 874 Adaptors plugged together.
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Type 874.PRL Type 874-QNJL Type 874-QTNJl

Figure 8. A recessed panel connector, Type 874·PRL (shown clleft), is converted to other connector types
by the addition of adoptors. as shown in Ihe photographs above and in those at the fool of the page.

jack. Thus all instrument equipped \\"ith
TYPE 87.-1 Locking Panel COllnectors can
be quickly COIl\"cl'tcd to any of these
military connectoJ' systems by means of
rigid, semi-permallcnt adaptors as shown
in Figure 8.

The quick-coll\"ersioll capability ofTers
to the instrument manufacture!' a basic
p,-lucl COllnector that can be Cjuickly
adapted to meet illdi\"idual eustomcr
:-;pecificatiolls fol' various coaxial eOI1
nectors. Furthermore, the USCI' of an
instrument equipped \\-ith the locking
pancl COil nectar can readily change from
one typc of conneetor to another. If the
instrUIYlent is equipped with the new
recessed locking panel connectors, the
('ollyersion is especially neat, for the
lo('killg adaptors extend only about an
inch ill front of the panel.

Locking conncctors arc presently being
u;-;ed on the panels of several new GR
instrumcnts so that conversion to Typc
:\, C, B:\C, SC, TXC, or UHF con
nectors can be made merely by locking
thc desired adaptor firmly in place. 'fhe
usc of locking panel connectors will
gradually be extended to most instru-

ITIcnts in the GJ{ line. ~ro~t (;1J1ll

ponents (tees, line:", allellu:dur."'i, pads,
etc.) have bcen. or n-ill he, modified 10

permit the use of either locking or II(Jll

locking connectors.
The older 'l'YPB 87~l COllncctor.-- Oil

these latter COl1lpOllelll ~ eallllO! be
directly replaced with Lhe locking type,
since an additional grooye is reqllired
and the gl'oo\-e po~ition is different.
Components \yith notl-I(){'king (;()Il

nedol's having the nc\\' ('()n~tl"llcli()n

eun bc jdentified by an 1111I1;-;ed grt)()\·e
il1 the outer conductor \y!lich appcars
diredly behind the cOllplillg IlUt.

Increased acCepUlllGC of thc TYPE H7-!
Conncctol' has already rC."'iultcd froltl Ihe
ilwrcased versatilit·y :Lnd thc illlp]"(J\"c
mellt in pel'fOrm~ltlce. ,],hi~ COllllCcIlJl" is
\\·ell 011 the way to the ."'i'llne 1111 i\"('r ..-ial
acceptance that has been accorded Ihe
banana plug, first, illt rodut:ed ill the
C"nited States by (;ellcral H:HJio ill IH2-1·.
The development progl':UlJ \\"hi('!1 pro
duced these design ('hange~ i~ eOlll illuing
\\"iLh ernphasis Oll improvl'ment of tlte
cable connectors and 011 further red llt:
tions of VSWR.

Type 874-QUJL Type 874-QBJl Type 874-QCJl
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CONNECTORS

Type Fits Code Word Price '"

874-PB62

874-PRLT

Basic 874-8
Connp(·lor:-. B74-BL

J>alw!
(;fJ/J)l('('lOt'R 874_PB58
~Fbn}!;I'fl

COAXBHIDGE $1.60 See Fig. I
COAX\'I'!Pll' 1.50

-~------
COAXCABLEH 2.30
COAXCORDER 2.30
CO..\XCA~I'l~~R 2.30

~COAXCAI,].I';n 2.30

COAXCANDOR 2.30

COAXYROBIK 3.50
COAXI'ARROT 3.50

~~
COAXYJl-"CO 3.50

COAXYSNJPE 3.50

eOA x Yi'nn leT 3.50

COAXAPPL8R 3.20

COAXBA'l'IIER 3.20

~~COAXABATEH 3.20

COAXBARKEH 3.20

COAXYFI.\"CH 3.75

COAXYVIREO 3.75

1~~COAXTllnUSll 3.75 "lj,..
COAX'I'OLCAN 3.75
CO,\X,,"I[,I.I·;T 3.75

('OAXYGOnSE 4.00

CO..\XCONDOH 4.00

';~COAXCLJRLE\\" 4.00

4.00
.,

COAXA VOC~:T

COAX\lEHLIN 4.00

874-A2 Cable
llG-8/U, llG-9/U,

ItG-llGjU Cables
8i4-A3, llC-2\)/U, ItG-55/V,

llG-58/V, llG-58A/U Cables
TIG-59/U, IW-62/U Cabi<'s

(non('onstanl impedan('c)

50-ohm Higid Air Line
50-011111 Higid Air Line (locking)

874-:\2 Cablc
ltG-8/U Cable
HG-9/U, nl:-1l6/U Cables
874-A3, ItG-29/U, ltG-55/C,

TIG-58/U, ltG-58A/U Cahles
RG-59/U, HG-62/U Cables

(nonconstnnt impedruwc)

87,I-A2 Cable
HG-8/U Caule
HG-9/U, IIG-II (i/V Cables
8i,I-A3, ItG-29/U, HG-55/l',

llG-58/U, llG-58A/U Cllh]('s
HG-59/U, HG-62/V Cables

(nonconstanL impednn('e)

87-1--A2 Cable
HG-8/V, IW-!J/U,
llG-116jU Cablcs

874-,13, llG-29/U, 11(:-',5/[;,
llG-58/U, 11G-58A/U Cables

TtC-50jU, llG-(l2jU Cable,..,
(nonconst,ant impeJan('e)

Wire Lead

874-A2 Cable
IIG-8/U, HG-9/V,
TIG-I16/U Cables

8i-l-A3, HG-29/U, llG-',5/C,
HG-58/U, llG-58A/C Cables

llC-59/U, HG-62/U Cable
(nonconstant impedance)

""ire Lend

814-C
874-C8
874_C9
874-C58

874.PL
874-PL8

874-PB
874-PB8

~,

874-CL
814-CL8
874-CL9
874-CL58

814-C62

874-CL62

874_PLT

874-PL58

874-PL62

814-PRL
814-PRL8

Callie
Con/lcctor:;

~

ell hl\'
('OIJIJf'I'tOI'S

-1.()('h;iJl~

Panc,1
('rHlllI'f'ior;,;

IJickitl~

Ilam'l
(,'OIIIH,(,tor:", 874-PRL58
-1,(wki!Ig:,

H""('sscd 874-PRl62

*!-",r 'l"""tilies of 1 t.o ~.f): ]lfie(~s fOf lar~cr 'j\l:llltitieson feq'lc""t,

'MTG KalES C?f;; CONNECTOR ~ I,HG KOlES,..... CONNECTOR ~ MTG HOLES
o 136 0',0, m. MTG IlOLE !l 0.136 01,0,\ fm MTG HOLE '" 0.136 01,0,

ld ~ fh'TI' {- '" lfh~ ~
b-l~}Ej~ ~Et,~

~NY TIiICKNESS.. lfk.- ANY THtCKNESS 0~
TYPE 874-PB TYPE 874-PB

fRONT 01' PANEL BACK OF PANEL

874- PRL

Figure 9. Mounting dimensions for Type 814 Pone! Connectors.
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'l'YfJ/;* (:o/ltuyl" 'l'YIH' 87'1, 10 . Cod/~ Wont jJ"II'C
- ~ -

TO TYPE 874·Q8JA 11.'\C Pillg; COAXHlJ(;(;EH $4.75

~~BNC 874·QBJl II.'\C l'lllg (locking 87...1) l'(l:\Xt'AXHEW 5.75
874-QBPA IL'\C .Ja.cK (',I,\XHI",NEH 5.25

- ~

TO TYPE 874-QCJA C PIll).!; ("(lAX('tJ(;(;~~1t 5.50

~QC 874-QCJl (' pltlg (lo('kinj.l; S7·1) ('( lAXY I'J';('/\ N 6.50
874-QCP C .bek C(IAXt'I'I,'FI':1t 6.25

f--- J---

~tI
TO TYPE 874·QHJA 11.'\ l'llig (:tJAXlll\W:-;Jo:H 6.00

HN 874-QHPA II I\ .Jack C(IAXIiANIlI'lIt 7.50
J---

TO TYPE 874-QLJA LC PIIlg; C(IAXI.I'I"I'EH 12.00

,~ ~~lC 874"QlPA I.e ./aek ('(IAXI.I·CCJo:H 20.00
- --- - v~~' tvTO TYPE 874·QlTJ LT I'll I).!; CII:\XI.l\(:CI·;lt 20.00

IT 874-QlTP LT .J:H'k t'lIAXI.I,IiHI·;lt 25.00 e--- f----
TO TYPE 874-QNJA '\ pltlg COAX.\'" ACC li;l{ 5.00

N 874-QNJl '\ 1'llIp; (lo{'kin{.!: 87-1) (;(IAXWAI,NliT 6.00

'~~
874.QNP '\ .J:wk ('( ,.'\ XN I"I~['~;H 5.00

~
--J---

874-QSCJ HC PIllg (S:uldi:l) f'II,\X/'(I:-<'J'I':H 9.00 ~-TO TYPE 874-QSCJl He I'lllj.!; (S:lIl11i:t) -'"SC (I(wking 87-1) f'O.\X.\I,,\I()ND 10.00 ~, rIP874-QSCP SC '/:I\·k (Sandia) t'()AX(',\XJII';H 9.00 ""'<' ~r,

--- -----
874-QTNJ T'\C ]'lllj.!; (S:lndi:l) (:IUX'['I'XN]<;1l 6.50

~~ ~TO TYPE 874-QTNJl T'\C PIli).!; (Sandia)

TNC (llwkill).!; .'\7--1) ('(I.\XYII,\ZI~L 7.50
874_QTNP T.\T ,J:wk (;-i:lndi:d ('I),-\X'I'I'",Kf';I{ 6.50 -.~-

TO TYPE 874-QUJ [-IIF PIll).!: (;O:\XYI'NIH:It 5.00
874·QUJL I-IIF Plllg (lo('kitt).!; Si4) (;IIAX YB 1';~;(;11 6.00UHF 874-QUP ['111" ./:I('k Cll.-\XI'lil'I'EH 5.00

TO TYPE 874.Q2 27"1 1'11I).!: or .J:l1'k (;OAX"I'[ "f'~;H 5.50

274
874-Q9 ~l38 BilHliJl).!: l'oc;ls ('(lAX 1'( h'I'~;Jt 6.00
874-QN6 27-1-:\() 1':11<'11 ( 'ord ('(I!\X('II(IXI·:1t 3.75

874·QU1A 3/il-ill. r,OQ [-III" Higid LitH'.

~~
TO H.C-I!);) [- (1-:1.1 'I'H-13-1) CO,\XYI·.\[IlI·:H 35.00

UHF 874-QU2 1%-ill.£)ODliIlFBigid LillC,
If.( :-lfi3 [- (1':1.1 TH-13-1) ('()AXYI'",IJEB 80.00

RIGID 874·QU3A :l!/s-ill. J)()Q [-II F Higid LitH',
LINE IU ;-!;)! [- (LI.VJ'BI:l-l) ('lI,\XYI·!.'!'I\.-\ 135.00

*111 udupt.or In'" Il"Jllb,'I'.~, a.r i"di'·:lJ('.~ that tilt' :"laplUl" ,.,)"I"i"s a ja"k a"d a TYPE xi·' Connector; n. P indio..
c"t,·~ Ilmt the adaptor """I"i'ul " plllK "nd " TI"I·t: !-ii·' Corm,·"lor. For ('xa,,,pl,,, a '1'l"I'~: S7.\-QUl' Adap!or
'·""ll\ill.~ a ('Ill-" piLI}!; awl" TI"I'I-: :--71 ('"nu,,(·t"I·. and ",illl)",,,,'f"I'(' "d"p1:t Tn't: x7·[ to a L-IIF juck.

NEW TOOLS FOR

TYPE 874 LOCKING CONNECTORS
Thrre tools have heen :lddC't! to the

TYI'E 87-I-TOI( Tool ',it 10 h(,lp ill Ihe
in~1nllnt'ion of !oekitlg (~OIlIH'd(ll'~ on nil'
lines and other compOIH'llt:-;. III s\l('h
ill:-dnllatiolls, it In:1y not be po:-,~ib!e to

~lide hack the cOllpling nut (see Figure
3 in pl'c(;edillg :utielc) enough to expose
the !'ejaillillg-I'illg grooves because of
('hanger-; ill diameter of the outer conduc
tor or \';Ui()ll~ oj her ohstructions; setting
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Figure 1. Type 874.TOK Tool Kit consisting of
(left) on outer-conductor wrench ond on inner_
conductor wrench, (right, top) a coupling-nut
wrench, and (right, bottom) ring installation tools.

the rings into the g;roO\'c~ Cfln then be
difficult, especially ina~rnuch as the real'
rillg must pass O\'er the front groO\'c on
1he way to its posit ion. The three ne\\"
1001:-; make installation of the retaining
ring~ :1 :-:imple mattcr whether groan:-:'i

'l'ype

OCTOBER, 1961 ~

3rc exposed or not. 'rho ring is fir;.:;t
placed on one of two cylindrical loaders,
depending on which groO\-e it is destined
for. The loader is then placed OWl" the
outer conductor and the third tool. a
cylindrical pusher, is placed O\'er the
loader and used to pll~h the ring off the
londer and into place ill the gram-c.

The other tools in the TYPE 874-TOE
Tool hit, described in the :\by, 1960
Experimenter, arc all inner-conductor
\\TCllCh to hold and install the insulating
bcad llIld the illner connectors, and all

outer-c'onductor \\Tcnch and a coupling
nut \\Tench to install the outcr conne('tor
und to tighten the coupling nut.

Code Word Price

874.TOK Tool Kit_ ('1).\Xf.:I'M'EX $10.00

ANALOG OUTPUT
FROM THE DIGITAL COUNTER

Digital counters ofleI' high preci~ion

and accuracy combined wil h a degree of
operating convenience for visual readout
thut is Ilot easily obtnillcd by othel'
mean:;_ III mallY applications, hmye\-er,
it i:-i dc:-:irable to haxe permanent records.
Di~ital printers are u:-:cful for this
purposc when indi\'idual poiIlL-by-point
mea:-;urements are made, but, \yhcn thc
data nll'j' continuou:-:ly, Ihc printed 111

fonna-tion mu::;t be entluatcd line by

line. enless automatic equipment CUll

be used, thi;; proecs.':i is tedious and slow.
For instanec, if the frequency of a

quartz-crystal o::ieillator uS a function of
tempcrature is to be determined, a
dil'ed allalog plot of frequency \-CI'SUS

temperature i;:; u~ually \\-anted_ Figure
2 shows this information in both forms;
the analog CUITC and the printed data.
The eun'e takes ollly seconds to enll
ua.tc, \rhile little can bc dcduccd from

Figure 1. Panel view of the Type 1134.A Digital.lo.Analog Converter.
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the prilltcu f'ig;l1I'C,'i wit hout manual plot
ting. III nduilion, thc ICIT'tpel'atul'c "allics
corre:-:polldillg to illdi"iclllni printcd lilies
arc ca:-:ily antilahlc II't illlniog form
(from a j hcnnoeouple) \\'hile cOllvcrsion
into digital form (to prillt along with the
other dnta) is both cumbersornc and
"0,,11)",

Although 110 <lnalog output can bc
3ttUratc to () 01' morc platCli, the analog
atturucy is <illite adequate for in<.'J't.'
mental mcaSllrenwnts. Op('l':,ding from a
digital cOllnter, the analog system e.lll

always he 't1:-,cd to interpolate. If the
counter displaj":'; figureli, the allalog
output can he made to reprpsellt any
t\\-O or 1hrec of the 8.

1'hc crystal o;·willator frequcllty ill
Figure 2 ":Hieli ollly hy a fc\\' part:-, per
million on'r tlH' tcmpernturc range. 1'he
ful!-~cale s('llsiti\'ity is 20 ppm and \\'jth
0.1% inl'l"cmCJlt:d U('('IIr:U'Y, 2 x 10-8

eHn bc ohsC'l"n'd. ~()te that the digital
record doe.'i Hot IHO\'idr highC'r ,H:('ur;tey
or resolution; lha lirst '-i\'c f-igllre~ re-

n1:1ill COIl~t:lt1t allu C:'t.il \)p 1:d~(,ll as ":1

priori" klHIWkdgp. There re:'tlly 1:-; 110

l'tced io reford tllelll more tll:'tl't OIH'C,

\\·hid't call he done 1l1:1l111:111.\', L'sll:tlly,
thc il'ttrcmell!:-; nrc Ihc ollly iIlforma t ion
of inlerc:-il.

\,"here the illfnnnation ,·:'trips rapidly,
methalli('al pl'illtpr:-: an' lint ahle to fol
low the ('hi'tllJ.!;l'li, \In;.;! :lrl' limited to 1(':-;:-;

1han 10 lilies per :-;('("011(1. The ("0:-:1 of
high('r speed prill 1Ci";'; is proh ihi! i\"(~ for
mosl appl iea1ions. The a nal()~ rc<'ord('r,
011 t h(' oi h('r hand, CHl't plot CIII"\"C:': \"i1 h
mueh higher sp('('d. Di:4il:d-to-all<llog
COlln'l'sioll (':til h(' vcry fast and n'
con..I<'rs \\'ith 1)('11<'1' tll:lll l-k(·!):llldwidth
ar(' :!nlilahlc'. Thll;';, illfonnalioll ('all he
r('('orc!('(1 IHW'!I fU;-;I('1' thaI! with a me
th:Uli(':'t! prilllN..\ typical exampl(' is
the Ille:'t:-lll l'ellH'll t of silO]'! -t ('I'm st uhi IiI Y
of o:-,('illator:-i. Samplc:-i :lS ::--hort flS .01
alld .()Ol :-Ie('olld :\rc of illtcre;-;I and the
informatioll i~ ('oll('c!rc! at a ra!(' ap
pro:l('hill~ 10001' 10()():-;:ullple:-;pel':-r{'olltl.
Figlll'C 3 :-I\(l\\'s til<' ~IH)rt-{.cml stalliJily

Figure 2. Frequency .. vs .. temperature characteristic of 5 .. Mc crystal.
Full scale for analog curve was 100 cps, each minor division 1 cps.
Only the significant port of Ihe onol09 record (from 4998420.0 to
4998460.0) is reproduced here. Gote time was 10 seconds. The
digital record shown corresponds to the marked section of the curve

between 43.3°C and 56.5°C.
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Figure 3. High-speed record of the short-term stability of two GR Type 1113-A Standard-Frequency
Oscillators. The S-Mc outputs are multiplied 101 Gc each, and the frequency is adiusted for a lOS-cycle
beat, whose period is recorded. Sampling rate is about 100 samples per second with an averaging time

of about 0.01 second. Over-oil bandwidth of the measuring system was over 120 cps.

foJ' .Ol-~ccolld sflmplcs of :1 pair of OR
Tn'1<; ] 11:)-1\ Os('ill:tlors. The infortna
tion is ('o]]ce1cd at the rate of 100
flam pies Iwr second, LlI' heyond the speed
of mcehallieal prilllcrs.

Until rccclI(,]Y :1 digital printer \\'as
necessary for 1l1('('h<llll('al {'Oll\"Cr.-.;joll of

digital input to analog; ()\I! pIlL, but" the
illl rodw'j ion of digital ('Ollnters \yith
~torag;e f;l('ilit ies l has madr pm;sible the
Ilse of cle('t,roni(: C01l\Tr."ioll. This has

rc(!lwcd \he cost of un::l.1og; re~onJillg

\\'('11 helmy th,tL of digital prillting.
Tn cOllvellliollal COUI\l"('rs the I'rsll1t

of the mea;.;urcnwnt is displ,lycd inter
mittently. ",Vhile the coullter is :H'('U

mulatillg informaJioll, thr drcade st-atcs
vary continllollsly, and informatioll too
he printed or plojjrd is availahle oilly
during c(teh di1-'p1<ty 1inw. (Some ~dl('me

might he \l~('d \-0 di;';('Onlled t-he J'('('order
during counting tirnc, hilt then t 11<' re
('order \\'o\lld ret Ill'll to z('\'o r:1rh time.)
Fig;ure 4 foihO\\"s t he analog OII1,Plll, ob
t:Lincd fron"l (,ollvC'llhonal dC(;:1<.1c'1-', .\
frcqllelH'~rof ahOlIl" :)-~5 cps is ('oulIkd for
10 foiecoIH.ls and difoiplayrd for 5 se('onds,
The nnalog output is derived from the

'11. \\". Frank :",d IT. T. \1('_\I('cr, ":\ FrC<lIl('m.:," ('Ollilter
with a \II""Ilr.'" ,,\1<1 with 1\lIill-ln H('li:lhilit,;," GCllc)"al
/(",Iin Hf/fCrill/<'1/fa, :\.i, '-', \Ia.\", Intil.

last three digits of t he counter. The zero
011 the recorder corresponds to 300 cps,
lhe fllil scale to -.J-OO ('p,-;. :'\ole that the
all:-llog out,put during! he counting time
vanc,; from zcro to full scale se\'eral
times. L-sablc illfonnahon is plotted
during ui.-iplay time only.

Storage COlillter~~ Oil the other hand.
ho.\"c complctcly separated storage dec
ades..-\t the end of caeh coul1ting
inlerval the data are tl'amJcrrcd from

Figure 4. Anglog output from 3 conventiongl
decgdes. Usable informotion is ovgilable during
display time only. Gote lime wos 10 seconds.

'lOOep$ ~ 'lOO;CPS
l ,

l,l~

~ ~

--M.L '~

+
, r'-'++ FI,

I" ."
"~,l _

i
~.*,

300cp 300cp.

IDlSPCA'

¥l i
'?U'T 10'5',;,1 cou", ~M

H't i I F' I
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Figure S. Analog output from 3 storage decaGies.
The output is the result of the previous count.

the counting decades into storage. The
counting decades immediately resume
('Olllltillg, and at the end of the next
counting interval Lhe new data arc
1run...,ferl'cd again. The information in
the storage decades changes only at the
tran:-;fcl' time (at the end of each counting
internd) and only if the result of the last
count is diA'cl'cnt fl'Om the preceding one.
Analog output obtained from the storage
decades will always represent the result
of the previous count and vary only
'Y!1C'!l the input to the counter changes.
This results in a faithful reproduction
of the input data. If the same rneaSlll'C
mellt: as in Figure 4 is made \Ising a
storage counter, the analog output is a
straight line as long as the input :::.tuys
constant. In Figure 5 the input fre
queuey is varied. The analog Olltput
follo\ys the variations of input data. In
Figures -1 and 5 the sampling rate is
about 1 sample every 10 seconds. This
10"- sample rate results in the steps
shO\\"11 in the graphs. A smooth curve
would result if either the sarnpling rate

were made higher or the paper slo\yed
dO'Yll.

'These advantages have been realized
in the GR TYPE 1130-A Digital Time
and Frequency IVletel', and the TYPE

1134-A Digital-to-Analog COllverter has
been designed as a companion instru
mellt. This converter can be used ,,-ith
other digital equipn1ent if proper input
logic volt-agc leycls and weighting are
available (see spe(·incations). The im
portant features of this instrumeut are
its accuracy and stability of 0.1% and
its high conversion speed of over 1 ke.
lt call be used to full advantage either
with prc('ision recorders or XY plot-tel's
of 0.1% accuracy or wit h high-speed
recorders to beyond 1 ke.

CIRCUIT DESCRIPTION

The input signals arc obtained from
the four storage deeades of the counter.
A digit-selector switeh permits selection
of the first three, or the last three, or the
last bra digits to be recorded. If three
digits are recorded, the output incre
ments are 0.1 % each. For two digits, the
increments are 1% each. 'l'he output is
either 1 rna for galvanometer recorders,
or 100 mv for potentiometer recorders.

Principles of Operation

Figure G is a simplified schematic
diagram of the eonvel'tcr. Tweh'e inpnt
lines (.+ for each decade) eon nect the
cledronic switches 8 J-8 12 to the Aip-Aops
ill the counter's storage decades, 'Tihe
nominal input voltages are +65 " for a
binary] and +185 v for a binary 0,
For a decade in state 9 (decimal) all
fOllr Aip-Aops are in binary state 1
(+G5) and for decimal 0 all flip-flops arc
in binary state 0 (+ 185). Each of the
electronie switches, 8 1-812 , connects the
associated output resistor (weighting re-
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The ;-;um of all branch currents is 999 J.13.

If the impedance of the recorder is not
small compared with the impedance of
thi;-; rc::;istive net\\'ork, then the voltage
E can be increased beyond -30 v to

sistoI') to 0 for a +185-v input (binary 0)
and to a very stable voltage, E, for
+G,j-v input (binary 1).
~\~~ume that the recorder has zero

impedance and a I-rna full-scale sensi
ti\-ity and that the voltage E is ~30 v.
\Vhen 8 1-812 are in the "on" position, the
output is made up of the follO\ying
currents:

S, 100 Ma
S2 200 Ma

S" ~OO Ma
S, 200 Ma

S" 10 Ma
S, 20 Ma
S, 40 Ma
S8 20 Ma

S, 1 Ma
SJ() 2 Ma
Sll 4 Ma

S" 2 Ma

100's decade
Total - 900 Ma

10'6 decade
Total-90 Ma

l's decade
Total-9 M"

allO\\" for the voltage drop across the
recorder. For a IOOO-ohm recorder, E
\\'ould be -31 \' to produce the proper
full-scale reading. Since the counter call
be set to 999, calibraUon is simple, and
the recorder impedance need not be
known.

To operate a 100-milli\'olt potentiom
eter recorder, all internal 100-ohm re
sistor is s\\-1tched across the output ter
minal.

Standardizers (Electronic Switches)

Figure 7 is a detailed schematic of one
of the electronic switches. For + 185-\"
input (billary 0) Ql is turned ofl, Q2 is on.
'J'he current through Q.2 \yould cause
point A to be positive, but the clamping
diode C1l2 conducts and holds point A
at a fe\\' tenths of a volt positive \yith
respect to 0, say +0.5 \". For +05-v in
put (biliary 1) Q, is on, Q, is off, and
point A is clamped to voltage E by CR 1.
Again, the fOl'\yard drop across CR.l
causes about 0.5-v offset from E. Assume
that E is -29 v. Then A \\ill be either
+0.5 v or -29.5 v. This 30-v s\\'ing is
required for full output into zel'O load

ce,

."

"8.21;'---1",,-_~'M'=
r OUT

"..

."

"'"

"'"

o (NOT GROUNDED)

'"o

Figure 7. Detailed schematic diagram of one of
the electronic switches.

3.3M

300.

TO I'S DECADE

TO 10'S DECADE

DIGITAL STATE 1-1+1_ 9

DIGITAL SlATE 1-0-1-0.5

DIGITAL STATE 1-1-1-0·7

-29TO-3~.

FULl-SC~l[ CALIBRATION

TO tOO'S DECAOE

~__.V3001;

~_ TI~O~

~_ "'Tm
~___ IOO~

ELECTRONIC
SWITCHES

Figure 6. Simplified schematic diagram of the Figure 8. Offset voltage is connected in series
Converter. with the output terminals.
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Figure 9. Capacitance-vs-temperature of a capacitor with high dielectric conslant. The data
were obtained by measuring the period of an RC oscillator.
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impedancc. 1"0 he able to ground one
~idc of the rccorder and to prevent cur
rcnt from fiowing through it \\·ith tho
+0.5\" at .\, all ofT:-:et \-olt-age i~ COII
nccted in.-:cric:i \\·ith the output terminals
(~ee Figure 8)_ The common 01' IO\\·-po
lential ,ide of Ihe circuit (0) is not.
grounded to t he chassis, but if': at about
-0.5 \-. Bec:lu,-:c the fonnlrd drop of the
diodes \":lrie.-: about 2 m\- PCI' °e, tem
perature COllt 1'01 \\·as neccssary_ All
critical clcmclli."i are homlcd in a con
stant tempCI'<lIIlI,(' on'n.

Power Supply

There are foul' regulated \'oltage:5 of
-55 Y. +18 \', +12 Y and all adjustable
'upplyof -29 to -35 \', The latter (for
the standardizer clamp \'oltagc E) di
rcctly affect~ thc :;tability and accuracy
of the in~trl1mcJlt. and~ hpnce, critical
C'olllponents :11'(' tcmpemttll'c (·olltrolled.

The Skthilily of this supply is betler
t hall 0.05% for line, load, und tempcm
tllre changcs_ Temperature compcnsa
tion reducc:5 the \\"arm-up drift to Ic~s

than 0.5% so thal in many applications
110 warm-up intcn'al is requircd. The fnll
0.1 % stability i;-; obtained after :l.hout :30
minules,

Applications

FigureB 2, 3, and 9 illustrate a few
of the many uscs of the digital-lo-analog
COll\-cdcI'. fn all of thc;o:;c, it is an im
portant ad\-antage to 11<"\.\"0 the data in
the form of a ('ontinuolls tun'e, rathcr
than a printed digital record that 1l111~t

be analyzed ill detail before it can bc
interpreted. The additioll~11 adnllltage
of high-:;peed plotting i5 Ull important
onl"' for many applications_

SPECIFICAnONS

Data Input: BCD, weighted 1-2--1-2 or 1-2-2-4.
Billarv "1" +00 v m:1X. Bin::tn' 1<0" +150 v
min. '&mrec impcd:lllce 500 kilohms, max.
Input impcdanre 1 .\ID. Can he driven from
GCllcrallbdio THE 1130-,-\ Di~it:ll Time llnd
Frequenf':" .\Ieter or TYPE 1131-1'-1. StOr:1gc
l·nits. Digit :,,('I('(·tor switch seleds any ad
j[t('('nl 3, or the I:lst 2, of -1--dcl':lde input.

Output: 1 ma wilh 30-kilohm ~Olll·t·e impedarlt'c
or 100 mv :wross 100 ohms_ Posilive "ide
grounded.

Load: 2000 ohms maximum for 1 m:l. 2000
ohms minimum, for 100 ~lV_

Linearity: ±.OS';' of filII sC'lllc.
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Stability: ±.02% for ± 15% line. ±.03% for
ambient from O-SOC.

Warm-Up Drift: Less than .5% of full scale.
Thermal equilibrium after 30 minutes.

Power: 100 to 130 (or 200 to 260) volts. 50 to
--100 ('p."; 30 watts maximum.

Accessories Supplied: Power cord, spare fuscs,

OCTOBER, 1961

cable to eon ned to THf: 1130-.,\ Digital Time
and Frequency :\Ictcr.
Transistor Complement: One 2:\"137-1-, two each
2:'\ 118-1:, 2='11377, fourteen 2':;520.-\, and
twel ve 2:\1 1373.
Dimensions: Width to, height 37'2, depth 1:3:1
inches (485 by 85 by 3-1-5 111ln), over-nIl.
Net Weight: 16}.i pounds (7.-1 kg;).

Type

1134-AM
1134-AR I

Oi9iIOI-rO.AnOl09 Converter (Bench Model) ..
Digital-To-Analog Converter {Rack Mount) ...

Code Il'ol"d

MOTTO

J\llNOR

Price

$595.00
595.00

A NEW, NARROW-RANGE DELAY LINE

There has arisen recently an important
group of applications for variable delay
line:-- \\'jlh short delay ranges. These arc
used as radio-frequency phase shifters,
lls\lnlly as trimmers for phase adjust
ment. They ha\"c applications in radar,
in romputel's, and ill other pulse-operated
cCluipmcnt.

The Tnl-; 301-SI0~ Variable Delay
Lille, shown in Figure 1, has been de
~ig;ned for these applications. It is a small
distributed-winding; unit with a sliding
l:tp for the adjuotment- of the delay_ The
\yincling is on a standard potentiometer
base, \yhose din1cnsions arc given in
Figure 2. Precious metal \yire is used in
the \\"inding to ensure reliable contact.
Capa('itive coupling behyeen the termi
naL..; i:-: minimized by shielding.

'1'he pulse response of this delay line
i:'-i f'hown in the oscillogram (Figure 3)
\yhi(,h is taken from the screen of a
Lumatron 112 Oscilloscope. 'rhe s\\"eep

Figure 1. View of Ihe
Deloy Line.

if
'"" f-"'"
I 2 HOLES '"25

!.I49"}ORILL

f- ,',
Figure 2. Mounting

Dimensions.

speed is 5 nanoseconds per centimeter.
'The photograph shmrs t\\·o s\yeeps, the
first \yith the delay line set for minimum
delay, and the second \\'i th the line set
for maximum delay. Delay, l'i..,e tilTle,
baseline ripple, and pul;o;;e distortion call
be measured from the photograph. At
tenuation is low because of the short"
delay range and may differ slightly
between units.

APPLICATIONS

Delay lines of this type are \'ery useful
in the various correlation techniques for
improving signal-to-noise ratio:,; in radar
and space-probe cornnHinication Jinks.
Other applications include phase Ll'inl
ming for multiple-unit steerable-arrllY
(l\1USA) antennas in the i-f channels nnd
similar antenna phnse trimming in the
i-f amplifier systems of monopulse
radars.

Figure 3. Pulse response of Delay Line.
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There are many pulse applications for
these narrow-range delay lines. .'-\ com
mon one is the usc as a patch-cable delay
equalizer in a digital computer using
short, fast-rise pulses. Others include
the adjustment of delay ill coincidence
eircuits of nuclear counters and the
trimming of pulse coincidence in eom
}Juter circuits. There are applications in

pulse-forming networks, and as sub
stitutes for coaxial cables in \"arious
short-rise-time delay networks. One
advantage of the wire-\\'()llnd type of
delay net\york as compared to coaxial
cables is that one can adjust the delay
both ways from a median setting, a
process that is obviously quite difficult
\,ith cables.

- F. D. LE\Y1S

SPECIFICATIONS

Delay Ronge: 0 (approx) to 2::) Ilunoscconds
(±lO%l.
Resolution: 0.06 nscc.

Characteristic Impedance: 200 ohms ±20%.
Pulse Rise Time: 2.4 nanoscconds (nppl'Ox) at
mnximul11 delay.
DC Resistance: 5.5 ohms (±20%).

Voltage Rating: 1500 volts, peak, winding to
ground.
Dimensions: (Body diameter) 1% b.\· 2 by
(thickness, exclusive of shaft) 15/1(; indH'S
(45 by 5l by 24 mm); shaft diametel', 1-1 ill('h
(6.4 mm); shaft extension Iw.\'olld hody,
% inch (19 mm).
Net Weight: 1}/2 Oil (45 gnllns).

l"1'/1"IType I I Code IVorr!
--'-0-'."''-'-04- -V-a~,~;a~b~,.-D~.~'a~Y~L~;n~.~.-.-.-..-.-.-.-..-.-.-.-..-.--.-.~.~.~~-~'~·'~::E~.. D-\-·--I---$~4'~.~OO--

NEW DISTRICT OFFICES
Both men hold engineering degrees

and have several years' experience \\-ith
General Radio instruments, both at the
factory and in the field. They and their
staff are prepared t.o give prompt t('ch
nical and commercial service 10 our
customers in the busy industrial arcas
of upper Xcw York State and Florida.
Please feel free to make lise of t.hc~e nc\\"

facilit ies if you are locat.ed in either of
these arcas.

In September, the General R.adio
Company opened two new sales offices
- Syracuse, -:\ew York, and Orlando,
Florida, for the convenience of our many
eustomers in these areaS.

The Syracllse Office is managed by
Leo ,1. Chamberlain, formerly of our
X ew York Disl rict Office. The R'yn:l(~ll."e

address:
General Hndio Company
Piekard Building
East. Molloy Road
Syracuse 11, New York

Telephooe: CLem·iew 4-9323
In Florida, the manager is .John C.

Held, formerly of the 'iVashington Dis
trict Office. The Orlando adclrcs:-i:

General !ladio Con1pany
113 East Colonial Dri\"e
Orlando, Florida

Telephone: GArden 5--1-671 J. C. Held L J. Chomberlain
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K. Adams J. E. Snook C. W. Alsen J. P. Eadie J. L. Lanphear

Other Personnel Changes
in Our Sales Offices

Kipling Adams, formerly manager of
our Philadelphia area office in Abington,
Pa., has returned to our main office as
Assistant to Sales Manager to aid in the
administration of our growing number of
district sales offices. His many years of
sales experience in our district offices is
a valuable asset in his new activity.

John E. Snook, who for several years
has been a sales engineer in our Philadel
phia Office, is now the manager. He is
assisted by Carl W. Alsen who was

recently transferred to this office from
our main office. Our Philadelphia office
is responsible for sales in the important
industrial states of Pennsylvania and
southern New Jersey.

J. Peter Eadie haB been transferred
to our New York District Office from
our main office at Concord, Mass. He is
responsible for sales coverage in the
Long Island area.

James L. Lanphear has recently been
transferred from our main office to our
Washington, D.C., arca office located in
Silver Spring, Maryland.

ERRATA

RIOS>STANCE
BAL)'lCE

OlFHR("'flAL BALANCING CAPACITOR
(.r, JOHNSON 19t.lAII

/ IN~4A

,1- (l ~~;/ '"
::21'- hO.Ol~f ~ .r,

, I '"
1~34A

7+l' ".,
/" C~~STALt-

ENTER- _~1>:OI~f,
fREOLE"C\' 10.'1
AOJUSTME"'T ......

Several errors of omISSIOn and com
mission in past issues have recently
come to our attention.

July-August, 1960

Page 5 (Tunnel-Diode Measurements)
Equation (1), last term in denomi

nator of expression for Ge should be

(w~)' (1 _R~C)'

November-December, 1960

Page 11, Figure 2. (Crystal Discriminator)
A ground was omitted from this dia

gram. Corrected diagram is shown here.

April, 1961

Page 14 (Type 1120 Freqwmcy Standards)
Net weights given are too low. Cor

rected values are TYPE 1120-A, 275
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pounds (125 kg); TYPE 1I20-AH, 325
pounds (148 kg).

May, 1961

Page 14, Figure 12. (Type 1130-A Digital
Time arul F,·equency Meier)

The timing diagram for the counting
and storage decade is not too clear and
contained some errors. T'he diagram
shown herewith should be used.

COUI<T .., I ...,~ .... CL<>S(O -----I-I <:<>UO<1'''''. ~

L""'u,----I........... '.....nll """"""'. _ •• ---.;

''''''r.,.

In the first column on this page, this
time sequence is described. Item 1
should read: After a 250-~sec delay, the
storage units are ...

Page 19, Sensitivity Specification
The sensitivity as given is 0.25 volts

rms. This is the worst case) and the

instrument's sensitivity is 100 milli
volts up to 3 Mc, rising to 0.25 volts
at 10 ?\1c.

Page 20, Price TaNe
The first two iterns should read "In

cluding TYPE 1I30-PI Coupling Unit
..." (Please note that the TYPE 1I30-PI
is not a complete time-base unit and must
be fed from an external oscillator.)

J"uly, 1961

Page 9 ( HC Null Cil·cuils)

The tuning law of the circuit used
in the TYPE 1232-A Tuned Amplifier
and Kull Detector and its dual is in
correct. It should read:

1
W

o ~ -::R:-::C:-V-;=(O=I=+~21~(""')=",""(1=-=","')

Page 10 (Transfer V8ltage Ratio)

In the next to last sentence, H ••• (or
a real Z12) " should read" ... (or
a real z:!I) JI

K. L. NYMAN

Karl Lauri Xyman, of the firm K. L. Xyman, of Helsinki, died on August
27th. ?\1r. "'yman has represented the General nadia Company in Finland
for more than t,,-enty years. His loss ,,-ill be keenly felt by his many friends
in Europe and in the General Radio organization, both in the United States
and overseas.

The K. L. Xyman firm continues as GR's exclusive representative in
Finland under the capable direction of :'\'[rs. Kyman who for many years has
been closely associated ,,-ith all phases of the firm's operation.

General Radio Company
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THE TYPE 1553-A VIBRATION METER

The new Gencral Radio \"ibration
!\Ictcl', TYPE 1553-.\, is a portable ca:-,y
to-use instrument for the quantitative
measurement of ,'ibration. \\~ith its
Hccelcrornetcl'. the TYPI~ 1560-P51 Ce
ramic ribrat'ion Pickup,' it is direct
reading in acceleration, ,'clocity, dis
placement, and jerk. Other pickHpS can
also be used, a.mong them \'clol'ity-typc
trallsducers and spccial-pul'po:-iC actC'l
emmel'ors responding; to frequencies lip
to 20 kc. \Vith mally of thc...c, the \'ibra
tion meter can be adjusted to be direct
reading.

The excellent performance of thi::; in
:-,trumclIl i:-i made po:-,~iblc in huge P<.lI'l
by its stable. high-gain. \\"ide-band, \0\\"

lIoise amplifier, \yhich can abo be lI~cd as
a sensiti,"c \"Olt,lnctCI' for audio and ,"iIlb
audio frcqucncics <-lild as a calibl'al"ed,
lUulti-rangc preamplifier fol' :.Lnalyzcl':-i;
:-;trobo:-:copc~; tape, graphic le\'el, or
direct-reading o~cillographic recorder:'5;
and o:-::('illo:-copcs.

The ('o\"cr photograph ::;hows the ex
lernal fealures of the IIC\\" TYPE 1553-.\
\'ibmt iOIl ".\feter. The instrumenl 1:-;
housed in an ailiminurn Flip-TilV CH:-!e,
\\"hich ('omhillcs rOllycllicll{'C ill use \\"it h
protection durillg transportation or slor-

agc. The pickup, cable, :-;ix-illCh probe,
and pl'Obe tips arc stored ill the eO\·cr.
The pallel layout and readout dial::; ha\'c
been dc:-,igned to U\"oid ambiguities and
to make the instrument simplc and E"a:-;~'

to u:-;e and to read.

CIRCUITS

'Thc clectrical signal from the \'ihra
Lion pickup (accclcrOlneter) is proces:-:cd
by I-he follO\\"ing electrical f'ystems th11t
make up the indicating instrument: lhe
amplifier, a calibrated atteJluator. three
ac \'oltmele1':-;, inlegrating circuit:-- to
cOln'ert ;l("celeration :--ignals to \"elm,ity
or di:-:placement signal:--, a different ial illg
circliit to COll\'Cl't tl("ce!cralioll signals lO
jcrk :--ignab, and a calibration circuit for
maintnining amplifier gain or for ~ej1"il1g

amplifier gain Lo 11('('omrnodatc altematc
pickups ,,"ith difTerent seJ1.-:iti\·itic:--.
'Thc:;:e are illdi("~ltcd gr:\phicall.\" in
Figurc J.

Amplifiers
Expericnce gaillrd in the clc.-;igJl nlld

huilding of amplif-ier:-; for portable sound
IC\'el IneLers:;,-I,f> ha::> becn put to direct

IE. E. Cross. Jr" "TH)(! 1.'lHO.J>ll \'ibratioo Pi('kuI)
'-;ystem:' Grr,,:ml R'uJiQ J:.'Lpf>n·l/l('lIler. 34, 11 &. 11.
Xoyelllber·Decelllber. 1900.
'If. C. I.ittl("john. "The l:l.!'e of lhe Well Dc>-i~o('(1
Instrument." Ge"eT(,l Hfl{UO ELJltTillltnler, 31, 3. -'larch,
1960.

~E. E. Gros.". Jr.. "'1\'1><" 1.;,;1·.-\ Sound-Lewl -'INt'r:'
Geneml Ntulio J:.':nJerill/clller. 20, 10 . .\!lln·h, Hl.-,:.?
'I·:. E. GroAA. ,1r.. '"lrnpro\'{'(1 Performnn('(' I~lus Xc\\' I.ook
for lhe l"iound-Len"l .\Ieler." Ge'I",,1 Nwtio E.cIH'rlmr"Ur.
:31,17, October. 19'>"".
lE. E. GrOl'!s. Jr" '"TnK' l.i:,I-C :--Ound·J.e\"el -'leter:'
Ge'IN/l1 R/ll/io f."LIH'Nmtllltr. :1.;, ......\uJ;U$l, 191;1.

OUTPUT

AMPLIFIER

CALIBRATING CIRCUIT

FILTER fILTER
IN OUT

TUNEO LIMITER ATTEHUATOf!
CIRCUIT

A~PLlfIER AMPLifiERINPUT
AMPLIfIER

ATTEN'
UATOR

.1 CAL.2

I" PI"______'::_=_=_=_=_="_'L,_=_=_=_=_='_. ..J

'--------------til
'-;;;;;;-::-=!;;o;;-:==,

,
I

] CAL fFIE

, """"""", "'"''''''-, .,
L ~_~~p--~

FREQUENCY
PICKUP RESPONSE

00",""'.,
;(

Figure 1. Functional block diogrom of the vibration meter.
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', 0, "00

INPUT C RD VACUUM-
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VOLTMETER

A. PEAl< CIRCUIT

:J:t[" 0, "00

INPUT 0, C RD VACUUM-
TUBE

VOLTMETER

B. PEAI<-TO-PEAK CIRCUIT

,",~,.
- C_AVERAGE

METER
CIRCUIT

Figure 2. Elementary schemolics of the voltmeter circuits.
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of ~~~ (~ee Figures 2a and 2b) Lo prO\·ide

trlle peak and peak-to-pcak r('...;potl.'-'CS,
e\'en for ycry complex \\'ave fOI'I11 ...;.6,7

The sCllsi ti \.j ty of Lhe a \·eragc-reud illg
meter circuit is adjusted to be 10 db

Figure 3. Frequency-response char
octeristics far a constant acceleration of

100 in./secz.

~.\rnold P. G. Peterson, "nespon~e of Peak \'oltllL('!l'r to
HandOlll ):oise," Gencrtll Hf/diu H.rperi,!(OIIu-. :n, 7.
Deeember.l!),j(j,
'! .. I.. Beranek, .leOI/iilit· .llcaSIUl'mfll!s• .Jol,n \\-ih'.\· &
Sons. :\'"e\\· York, ]!)4!), PP 4U,_·17!),

Voltmeters

The three voHmeter circuits \\·db
respon~es, respeclivel~r. of peak, poak
to-peak, and a\Tcragc arc shO\n1 in
Figure 2. 'The penk-indicating circllit
(Figure 2a) is the well kno\\'n combill<1
t ion of a diode rectifier, a. capacitor and
<1 de \"oltmetel' f:ystem, The pcak-to-peak
l'eading circuit (Figure 2b) is obtained
bv the addition of a f1econd diode J)'!.
\\:hiel, detects the other peak of the
voltage wave. In this circuit, the dc
\'oltagc across cnpa('itor C, \\·h.1eh i~

prcsented to thc de vacllum-tube volt
meter, is eClual to the Sum of the po.sit-i\'c
and negative peaks of the signal \\"a\-e.
Figure 2c shO\\·s thc full-\\"[1Ve bridge
red-ifier circuit used to obtain the a\·OI"

age reading voltmeter.
Each of the thrce Yoltmeter circuit:" i~

operated in jts lineal' region, so Hun
common meter scales arc pos::;ible.

An emitt,el'-follo\\"el' output amplifier
and silicon-junction diodes make H,
possible to maintain a high ratio 00")

U.'-'C III thc amplificrs of the TYPl~ 1553-..-\
\'ibration :~\tIetcr. Similar circuitry as
wcll as resilicnt mountings and supporh
for microphonic supprcssion hm'c bccH
employed. Transistors hu\-c been lIf'.ed
\\-here churaderistics and stabilih·
achieved surpassed that prc\·ious]y ob
taincd witb vacuum tubcs. In somc in
:-;tances, h0'\'o\"or, the roquirclllcllts at'C,

CVCll today~ bcUcr met \\'ith vacuum
tubc~, For cxamplc, t:ransi~torized \·01'

sions of the high-ilnpedance IO\Y-lloise
input amplifier are not con1pctiLi\"c
economically or reliably \yith vaeUUI11
I ube models. III addition, coupling and
by-pass eapacHors oftcn hecome pl'O~

hihiti\"ely bulk.v and cxpcllsi\"e \yhOll
lo\\-~itnpedallt"e transi,..;tol' amplifier:; !'e
place tube amplifier:; tbat ITllist h)\\·o
flat response to 2 eps or 10\\'01",
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Figure S. low-frequency displacement response.

greater thall the :-:cll!-'iti\'ity of the peak
to-peak reading. !"o thai for a. !'inc \\'~l\'C

the same currcnt flows through the in
dicating meter for aH~ragc alld peak-to
peak Yollmctcr selection. Thi;3 change
ill ~cnfiiti\·it.r is :1utomati('ally illdic;lICU
in the winclO\\' ;-:hO\\'ill~ 1he metpr fllll
scale reading.

JERK RESPONSE

'Hr!"yt"nt"r f)",,, !"r H","" Y:nf/;,If'rril - FourO. Editi"",
IIII('Tn:HiOll,,1 '1'('10'1>1,011(' & T('\('J!raph Corp.. Xew Yorl<.
'!):,7.
'Hid~ 'md 1·"!.I·mum Vlltu, ~1K'citli Puh. 1)(:.IJI, (:-'1'(")
:-:()(.-ICO· of .\UlOIIIOli\"(' En~jl\(,(,"". XCI\' York, 19.JO.
WI'. A. Pcarl,.. :md C. \\'. h:i.__enl!:cr, ".\ Jcrkmcter for
llalli"loc.':lr<lio)tr:...h,:' S U .... IIt/lOrt So, .p,M, Wa"l,inj.!
Ion. D. C., June. 19.-,:,.
"Donald P. EI·kll1:ln. 111,1"Mr'''/ In$lnumml"liQn, ,,-jley
"~ns, Xl'w York l!l.il. p 21:3.
'~.\mold I~. G. Pf'It'r'-Qn ami E. J:. Gf'O:'S, ,Jr., I/IIII<JbooI.·
1;1 Soiu Jfetllt'If"mt,,/ (rol/T/II Edition). Gcncml Badio
C'ompan,', I!)tiO.

.Hcre lhe ]lnr"UC'I-T eire'\li, i~ 11;0{'(1 bi'lol\' its null frl'
'lllCO('." whill' Ill{' inlC'l!:r9.tor Ol)('ralc- abon~ the lIull
frC<IU('lu-,' of Ih(' par!lll('l-T nel,,"ork_

.Jprk,!!·lll,ll,l~ lhe time ratc of chal1ge
of :1(TC'kl':\t iOl1. is t hc rC:-ipOllSC ohtaillpd
\\'11(,11 the Olllpllt (If all :lcc.;clerOlllctcr i....
difT('l'clll inU'd, .h'l'k is :I Illca!"ure of :U1V

Sllddcll ('hnllgt' ill a('('olrralion of a hod.\·',
IL is thi~ sudden Ckll1gC t·hat is related
to the l'idil1j.!; qu:llity of automohiles or
elenltor:-:. It is important ill load tip
dO\nl ill rnilro:ld (';1r:-i. lrllck...,~ alld :lir
craft. Low frC'quel1cies (usually 1 to 20
cps) areal' interest ill jcrk mca::iurcmctlls.
'rhc rated 1'(':-;POI1:-;C of the TYPI~ 155:3-.\
fol' jcrk mC:l!'urClHellt i:-; 2 to 20 cp~. Thc
:}rtllnl r('spol\:-;C. obtained by liSC of a
difTerent i:1l or of de."igll* :;:imiJar to the
integrator de:-,nihed ahO\'c, is, as :::.hO\nl

ci rcui I (Fig\l1'(' -I) i:-i ,t mod ific,lt iOIl of the
familiar :dillcr-Iypc integl'atol'.~ The
grid-plate tapadlol' of I he ~Iiller tin'lIil
is repla('cd hCl'e by a form of parallcl-T
tUlled cilTuit. .\dnilltagc:-i of the 11e\"

circuit arc illu!'tl'alecl ill Figure 5 \,'hich
~hO\y:':i the Jon'-frequency portio" of rhe
di:;:placemt.'nl I'C~POll!'C of the TYPI~

155:3-_\ and the eomputcd rcspOll~C for
{\\"() HC or :\Iiller-lypc il1legrator~..\1
flo thc minilllulll de:-:il'cu re:-ipoll!'c fl'<:'
qIlCIl('Y. hoth I'c:-jpolI~e:'\ arc within 5e;
of the lnle di:-:plaeclll<:'llt re~poll:'C. The
difTt'I'l']H't' in maximum rc:-;pOIl:-ie.:' (~\)

rcpre~cl1l;-; lhc sa\'jllg ill gain requirc
Jllellt~ for rquindcnt sCIl~iti\'it.Y 011

di~plaecllIcl11 alTordcd h,- thc ne\\' cir
cllit, Thi:-: reulIC't'd f!;ain rcqlliremcllt :11:-'0

mean!' olle (':111 obtain higher scn;;;iti\'ily
with 110 in(,l'c:l:-'c ill noi:-c le\'c1 ..\ furt her
impl'O\'Clllcllt ill lIoi~c len'l aCl:nlc:,\ from
the 11('\\' ('ilTuit beC'au:-ie it:-; rc;-;polI~e JallR
ofT ju~t below it;-; normal operatillg r:lnge
of /1 to IIfl.

5', 10f,

Figure 4.
Schematic of
improved in-

OUTPUT legroting cir-
cuit.

f, :H,
FREOUEPfCT

f~

'0

'::truE I f.... , DISPLACEIIIENT

10';---~ RESPONSE A

IN~EGIllTIJ'~ lCIRCUITS 1 "i':
0

~''''-' ""-'0 VIBRATION
DISPLACEMENT

'"RESPONSE

,
\

'0
1\

•

c,

, c,
"

INPUT \fJ ..

•

Integrating Circuits

"-rhe frcqucllty-l'e;-:pOlI:'c tharadcri:-:
tics antilablc ill the TYPE 1553-.\
Yibratioll ~[ctcrwit h I he TYPE 15GO-P51
Pickup arc f.;hO\nl ill Figure 3. Thc;-:c
ClIlTCS ~hO\\' the rcadillg~ obtaillNI 011
the ,-ihmtioll l11el('1' as a fUlIetioll of fre
queney for a constant u("('e\crat ion of 100
illChc:-: pCI' ~ccol1d pCI' :-:ccolld. 0"01' their
specified frequen('y rangC'.... all rc;;;poll~e~

arc well within 10); of their re~pC'<:ti\'c

d('~igll objccti\'C':-i, [I i:-i \\'orlh lloting that
1he high ~(,Il:-iit i\'ity alll! good lo\\"
fl'('quCllCy rc~poll:-;C for \'c!(wily ,Ind di:-i
pl,t,ccrncilt I\)C:.l~ul'cmCllh h,lYC becn
at·hicved by all integrating ('irellit that
performs 1he de... ired freql1C]H..:y-re:-:pon:-ie
Rhaping wit haul" I he lo~~efo; illhr'rent in
('011 \'elll iOllal ill t cgra t ing ci rcuit..... The
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READOUT SYSTEM

in Fig:ul'c G, very gom! from 1 to 25 cps.
:\ \\-ckomc by-proJud of this type of
dirrcl'cntitLtOl' j:; the very good high
frequency cut-ofT.

The illfol'lll:ttioll :l\'tlilablc from the
Tn'!.:; L553-.\ is indicated in a simple
1I1H';Ollf'll:-iing manller. Figure 7 sho\ys the
appcarallCC of the two lliain readout
diab. The mclcr fllll-~caic :-ictlsitiyity
alml,ys appears ill the lefL-hand \yindO\\',
\\'hile j,he appropl'iutc ullih ah"uyH ap
pear in the right-haml \yi1ll1o\\" .\!lY one
of three P:\,llc[ ('Ollt rob call change the
seLting of the Illetol' fllll-,":icuic dial, each
independent ly of j he oj hur t \\"0. :-\s one
might expect the sc.\I.[<; SI':LECTOR knob
COllll'ols Ihis di:d o\"cr a \\".ide range
of metcr ~cll"iti\"i(ic,-; (jCll IO-db steps).
[11 addiJ iOll 1-0 poild ill).!; to the lllea~L1re

ll1Cll(' char:I.Glcri;-;lie :lIIJ Gh:_LI1gil1g the
units appeanllg ill the right,-halld \\"ill- lIE. E. Gross, Jr., "Litlle Dithers," Gener't! Radio

E'xperilllelller, 31, 11 & 12, :-':OIJC,,,l)('f-DccClllbcf, l~W(j.

CALIBRATION

dow the FUSC"l'IOX kllob also contl'Ols
the number appearing in the left-hand
\\"indo\\". The ~l E"~'·J';H. BEA DS knob i:::
the third control affecting the number
appearing in this lefl;-hand windo\\- of
Figure 7. :-\s explained earlier, the nUln
bel' is decreased by 3 to 1 \yhen the knob
is turned 1'rorn PI~AK to AVI::.

Internal calibration of the \"jbmtioll
meter is accomplished by a method
similar to that employed to calibrate the
General Radio Sound-Level .\1ele1'.' A
feedback system from output to input
containing a tuned circuit, a ealibrated
attenuataI', and limite!"s is adjusted io
produce a 100-cycic oscillation at a le\"el
indicated on the meter \\"hen the gain of
the instrument is correct. The attellua
tor is calibrated for pickup sensiti\'itie::-:
of 30 to 150 m\'ig. r\ precise setting of
the meter indication in the CAL pO;-;itiOll
is not required because the meter in
dication multiplies any change in ampli
fier gain, i.e. the meter readillg challge~

appl"Oxirnatcly ten percent for each one
percent change in gain. Complete system
calibration illL:luding the piekup at 100
cps can readily be made \\"ith the 'l'Yl'L
1557-A Yibration Calibrator. '3

c, c

2 ~ 10 20
~R~OUENCY IN CYCLES PER SECOND

'V

'",

\,

Figure 6. Response to constant jerk signal
function of frequency.

.,

Figure 7. View of
a portion of the
panel showing
readout system.
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TABLE

TYPE 1553·A VIBRATION METER
MEASURED QUANTITIES AND MINIMUM SIGNALS

QUANTITY MINIMUM READING

I
MINIMUM SIGNAL FREQUENCY

PEAK TO PEAK AVERAGE p.v rms RANGE CPS
--

Jerk 30 in/sec 3 lOin sec 3 5.5 2-20

Acceleration 0.3 in/sec2 0.1 in sec! 10 2-1200

Velocity 0.03 in/sec 0.01 in/sec 13 2-1200

Displacement 0.003 in 0.001 in B.2 2-1200

Displacement 0.00003 in 0.00001 in 8.2 20·1200

SENSITIVITY AND NOISE lEVEL

Table 1 liHts the cfTc('ti\'c sCIl:-;iti\'ity
of the TYPE 1553-.\ for c<1('h mcusur('c!
quantity. In ('neh case the minimum
reading i~ 1/10 full scale. The minimum
,..;ignal j:-; the I'ms ilipuL \'ollage required
to pl'Odllec the miJlirnul11 J'cadillg~. The
Illtcl'II:l1 Iloi:--c 10\'01 of t he TYPE 1553-.\
tall~CS a. meter reading of le:-::-; than 3%,
and so the signul-to-Iloi;-:c ratio exceed:;
10 db at the minirnu11I rcadillg labulal
ed. Oil acceleratioll, \\'hich is the re
....pon:-:c olle \\'ould <"ilOO:-:C \\'hCll u:-:ing 1hc
insll'umcltt as a \'olt meter or preampli
f-icr for auxiliary eqllipmcllL, the max
imum fllll-:-;cale :-icll.-.:it i\'ity is 100 J.1V

I'J)IS. Thi .... is true for the 2-io-20.000 cps
balld\\"idth as \\"cll as the 2-lo-1200 eps
halld\\"idth sho\\"l1.

AUXILIARY EQUIPMENT

Analyzers

The output from Ihe Tn'" 1553-A
\'ibratioll ~Lctel' Celli be fed to lhe 1'YPI';

155-1--.\ Sound and "ibmtion Allalvzel'll
\"hen ~pccl rum allaly~is of t hc \"ib':,l1 ion
\\':l"eform is required. 'I'he combination
of the:-:e t\\"o in:-ilnllnent~ perlllit~ one to
oblain detailed frequency and amplitude
informa.tion for all rour of the ,-ibration
quantities measured \"ith the 1'YI'E

"J. J. Farun, "A :"ew Annl,,'u'r for Sound :\nt! Yibrntion,"
r,"II€ra/ Nwlio '-:xlIen'mclllu. :n, 12, I)CL'l.:lIIbcr. Hl.j'J.
".\mold P. G. PctCf>;OIl, "The JmpltL't ~oisc .\llal~·zer,"

r,"f.'lleml ltwlio Kr.perimeIlUr, 3.j, 'J, Septcmber. )!l(jl.

.6:\1. J. Fitzmorris, C. J. L:.than:l", lind W. H. ThUNlOn.
";\cw Ey{';l for [udu"try," C,.,It;rlll RmfiQ J-:J1H'rimfll/(r.
3-1,9, :'eIJtember, i!loo.

1.5.53-.\. FrcqUl'lll'.'· :lllaly:-:i:-i i:-i Ilccc:-~aI"Y

in mallY 1ll('('h:llli(':d dt':-:ig:lI prohlt.·IlI ....
and ill Illo:-;t \'ihl'aliOll <.:olltrol prohlelll~.

For :-:hock 1Il(':l:o.lIl"elllt'lll:-i the ]'YI'I:;
155G-BH. Imp:H'1 :"oi:-:c .\ll:dyz('1" call be
operateu frOlll til{' \'ibratioll OleIcI' Ollt

put. The ."itor:I~(' feal11I'(' of lill' illlP:lcL
Iloi.-.:c :lllalyzer tll;[k('~ it po:-;~ihlc to IlIca:-:
lire llw peak value of a :-:illglc :-;hock Oil
impa<'l, \\·hilc t Ill' I illlc-a \'(.'r:\~e lIlea:-:UI"
iug cirl'uil pro"ides a tllt.':l:-:UI'C of III('
:::hock duml iOIJ.

Strobotac
The 5-\'olt oul pill frolll the "ihralioll

metcl' i:-; adeqlt:ltc to I],I~gel' the TYI'E
1531-.\ f:)trohol:1(' II) 1%'('1 rollie St ro!>o
sCOpC. 16 so tllat the :-:ll'OIIC li~ht I,'"

synchrollizcd \\'il II it :-:igll:d fr{JIli the
"ibral ion being: sl udieu.

SUMMARY

The TYI'E 155:1-.\ \-ihral iOIl ~Ic\('1' i:-i
a f-:.tllull , Gallery-operated, pOl'lahl(',
complex hut, c:l:-:ily operated ill:-;trll11lL'1I1
for measuring OIiC or Illorc ()f foul'
qnHlllitie:-: of it \'ihmloI'Y Illolioll. 11 i:-i
lIorrn:dly :-:lIppli('d \\'ith a ru~gl'd piC'zo
cerarni(' aC{'('!(,!,(IIIWI('1" pi('kllp 1hat 11:1:-;
a YNy good low-frequency I'(':-:pon;""\l'.
Excellent high-l'I'C'(lilCIICY pl'l'rlll'lnaIU'C
permil s the \I~C or mallY small higll
impcc!:tIICC :lc(,{,lcrolllct{'r:-; for mca~l\rt.'

mCllls lip to 20 ke. Efl'orl:-i to keep tile
operation f-:.illlple havc ]'t':-:Ulll'd ill :\
dire('\ I'eadoui :-:\':-:Il'm III wllith the melt'r
full ~(';de alld proper lIllits nrc ah,-ays
('orrc('tly di~pi:lYl'd -110 Illulliplier:-:..\
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tme peak-to-peak metel' eil'C.'uit 1:-: ell1
ployed and frcqllcllC'y-rc:-,poll~c~hapillg

('ircllit~ arc designed to ~i\"(' maximuill
sCII:-:iti'"ity wi! h lo\y lloi...:c.

- E. E. C; IW:;:-:i, J n.

CREDITS

The TYI'E 1553-_~ Yihralioll "[eter
wt\:": dc\'clopcd hy E. E. (;ro:-<:" aut hor of

the foregoing: article. Two \\'ho ('011

Il'iblltcd to the packaging alld ge!lcral
appc;:U<lIlCC of the ill:-:tl'UIllCllt arc George
Clel11o\\', \\'!lo dc..;jgltcd the direct rcad
om :;y.-:tclll. and I-Ielll'y :-:'tcrlillg, \\"!io
\\'a:-: rc:-:;poll:-iihl() for the getleral rnceh:lll
jeal de:-;ign of j he ill.'-:tI'UI11Cnt. The proj
ect \\'~\'-: lIllclel' the dircdiotl of Dr. A. P.
G. PctCI':-'OIl.

EDfTOn

SPECIFICATIONS

Ranges

.\(·(·clcraliOIl: 0.3 10300,000 ill. :-:('('~ Ilt'ak-to
peak, 0.1 to 100,000 ill.!!'e(·~ an·rag('.

\'(,]ocit ...·: 0.03 to 30,000 ill, SN' pcak-to~p('ak.
0.01 to 10,000 ill. r-ce :tVCI':lgP.

Displaeement: 0.003 to 300 ill. (pe<lk-Io
peak), 0.001 to 300 in. (:lVPrHge) from 2 to 1200
('JlS; 0.00003 to 30 in. (pc:l"-to-pl'ak), 0.00001 to
10 in. (:.I\'cr:\I-{<') from 20 to 1200 ('p~,

Jerk: 30 10 300.000 in. sC'(,J (pl'nk-lo-p<':lk),
10 to 300.000 ill . .-:(.(,J (:LWl"aj!,"(·J.
Frequency Range: .\mplificr re:-<pOIl:"C, 2~20,OOO

C'p:;; with TYPE 1500-P,~1 Piekllp,2 to 1200 ('P~

for :lcce!er:\tiOIl. ve!()(·il ...'. :uul di",p!:lcCml'llL
2 to 20 cps for jC'rk.
Accuracy: ±Jor ( of full 5(·alt·.
Input Impedance: 25 megohm:-.
Voltage at Output Jack: ,5 "011'-: rills hchind 75
k!! for fllll-~c:lle flcfleetion.
Attenuators: .\ IO-slC'p attclIll:ltor ('!langes the
Il1cter seale ranJ.!f' hy a f:lelor of 100,000 to 1.
"'indow rpadoll1 illdi('atcs fllll-s(,:tl(· v:l1l1cs
alHI llnits,

TyW'

Calibration: Interllal.
Allowoble Pickup Sensitivity for Direct Reoding:
30 to 150 Ill\' }l:.

Terminols: .\ pallel jad, is prodd('(1 1'01' pluggillj.:"
ill he:l.dphoIH·S, Tn'E 155-1--.\ Sound :lnd \'ihr:l
Iion .\ lI:d.n~('l", Ty l'E 1.-)7)0- H Irnpad :'\ oi~('
.\Ilalner, TYt'I': 1.')31-.\ 811"01Iol;I('!Y Elcl'lronic
81 rof,o:;('OP('. or os('illmwopc,
Tube ond Tronsistor Complement: Two
('1\:512.\.\:, Ii\!(· ('1\:()-I18, OIU' 2:'\,520.\, OJlL'

2:'\525, ami 011(.' 2:'\:377,\.

Bo"eries: 3 ",iz(' J) ('db: alltl CHI(' (j7-\"(11t h:IIIN\'

(Burges,., T .... pt· ,\ .\-I?i or t'qui\'all'llt' supplieti.
T ....pie:d halt(·r.... life. 7 (1;. ...,., :11 S hUlIri< per day.
Accessory Supplied: TYI'E \.iliO-I'.;1 \'ihr:l!iOll
I'il'kup.
Cose: Flip-lilt aluminum (':I~('; I,ic"up :lnol
prohc ,.:ton· ill.-:ide,
Dimensions: \\'idth 8, h(·ighl !"ll.l, dpptlt 7 1 ;!

inc'hes (20,,) h.\' 2:3,-) Ii." 1!1:) 111111), ()\'('I"-;t11
(C';lSI' ('los<:(I).
Net Weight: 10 I ~ Ih (1.8 kg).

('od" 11'01'11

1553-A t
1560-PSl

1560-P35

Vibrotion Meter.
Replacement Pickup·
Set of Replacement Bo"eries.
Permanent-Magnet Clamp,

W.-\G~:H

nRHo
W H'li:R.\l>B \T

\1 \{,~O

$675.00
80.00

4.10
6.50

"(;iw" inslrUllwnt a",1 ~('rialllll",l>l'r"I"'n "rd('rin~.

GENERAL RADIO SERVICE LABORATORY
OPENED IN TORONTO

For tht' ('Ot1H'llicl\('(' uf our Calladian
('II:jtompl':o'. a IIP\\' ~cl'\'i('p J.ahol'atol'\'
was opcned XO\'emhcrl al Ihe (;eller:,il
Badio Canadian Office. !l!l Floral Pal'k
\\·:1.\'. TOl'Onto l.~, Ont:lrio. Thi .... 1.i.1hOI':I-

tor.\' pl'O\'jde;.; ('ompleje !'('JX1JI" and
calibratioll fa('ili,ic;-; fol' C;ellcral Badio
produel;-;. For ('1l:40mer:o' who wi.-:h to
m<lkc their 0\\'11 repair:,. a :-.toek of rc
pl:H'PnlPIl j p:l 1'1 ~ i:, a \"i:lila hie.

General Radio Company
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FREQUENCY STABILITY MEASUREMENTS OF
STANDARD-SIGNAL GENERATORS

• FREQUENCY DRIFT

• INCIDENTAL FM

INTRODUCTION

Present-day usefol; impo[.;c rather sc\-ere
performance requirements 011 standul'd
signal generators, to a degree not pre
dictable only a fe\\- years ago. The
increasing crowding of the frequency
~pcclrum has fostered the grO\\"th of
narl'Ow-bund techlliqncs, which in turn
has drawn increased attention to some
of the residual frequency instabilities in
the generator output. Among these arc
(1) [requeuey change winl time, usually
called frequency drift, (2) short-period
inslabilit,y, usually called fm noise 01'

I'cf.:idual frequency modulation} (3) in
{·jdental frequency modulation (resulting
from amplitude modulation), and (~)

microphonicsJ or frequency changes of
mechanical or acollstical origin. For n.
!';ignal generator to be most. generally
useful in today's technology, these
quantities should be held to a minimum.

An example of the extreme stability
requirements is found in the testing of
crystal fillers, which ha\'e ,'ery f'harp

• RESIDUAL FM

• MICROPHONICS

cut-off cbal'actcri::itics. with slope::: as
sleep as a fell· tenths db per cycle at
frequencies of the order of 10 mega
cycles. Ob,-iously an." appreciable fre
quellcy instability in t he test source will
obscure the Quant ity uncleI' measure
ment.

MEASUREMENT TECHNIQUES

'Vith an electronic digital counter one
can set the frequcl1('y of the signal
generator very preci~('ly. Since the
counter measures frequency directly and
continuously, it can alko indicate the
frequency drift, but it cannot measure
the short-period frequency instability.
The Rhol'test gating-time intelTal (in
currently available counters) is about a
millisecond} "'hith corresponds to a
large number of rf cycles, one thousand
of them at one megacycle. The counter
thus measures the al'erage frequency
within the counting-time intcrval. 'fo
measurc frequency stability o,'cr much
shorter intervals requircs different tech
niques of measurement.
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.-\ block diagram of a measurement
~ystem for the abm'e quantities i:-::; :-;hmYll
ill Figure 1. "fhis equipment is :-iuit.able
for measuring the frcquency drift, the
re:-::;idual rrequelH~Y modulation, and the
incidental frequency modulatioll, and it
can di:-;play microphonically induced
frequcncy in:':ltabilit-ie:-::; Oil the oseillo
S(·(Jpc.

FM NOISE or RESIDUAL FM

.\. convenicnt mcthod of measuring
re:-;idllul fm employs a. pulse-count dis
<..:riminator as used in the TYPE II-t2-r\.
Frequellcy -~VIeter alld I)iscriminator.
This in:-:.tHlmenL can he operated diredly
up to \...5 1\1c; and, by means of hetero
dyne te('hniques, at higher frequencies.
The Ollt.put call be fed Jirecdy to a
TYPE 730-A \Va\·e Analyzer, which will
~electi\·c1y mea::;ure the \'arious fre
fluency components of the frn noi,':ie.
:\10st of the re:-iidual frequcncy !YlOdula
tiOll occur:-; at powcr-supply funcla-

rnelltal and hanTlollic frequellc;ies, which
the analyzer can ea:-:.i1y identify. F.i\1
ari:-;ing from other sourees, however,
rnay require 11 ,,"ide-band measurement.
A calibrated, high-gain amplifier cover
ing the full audio spectrum will shO\," up,
for example, disturbances cauf;ed by
variations in power-line voltage. The
rC':-;iclllal fm may eOllsist of a dominant
fiO-cyclc component, eorresponding to a
de\'iat-ion of m,lIly carrier cycles from
the axerage frequcncy, at a GO-cycle
rate. 110\\"c\'el', O\nng to transicnts
exi~t ing 011 t.hc pon-cr linc, j,hifi 1"rn signal
mny fiuduate violently in intensity. A
naITo,\"-band analyzcr canllot respond
La the,..;e fluctuations and will simply
a\'cragc thc results in accordance \\"ith
its O\\'ll ·bandwidth.

MICROPHONICS

Anot hcr capability of a \\"ide-hand fm
teslo system is the measurement of
mechanically induced frequenty shifts,

PEAK
SEMI-PEAK

VISUAL DISPLAY

SELECTIVE
NARROW-BAND
ANALYZER

WIDE-BAND
ANALYZER

o -16kc

LL

TYPE 1142-A
FREOUENCY

METER
AND

OSCILLATOR

AMPliFIER

o 20kc

LL

STABLE
REFERENCE

OSCILLATOR

TYPE 1551-PIL
CONDENSER

MICROPHONE
SYSTEM

TYPE 1551-C
SOUND ~ LEVEL

METER

TYPE 1304-A
BEAT-FREQUENCY

AUDIO"GENERATOR

TYPE 1521-A
GRAPHIC-LEVEL I--_ol-~~----..J

RECORDER

Figure 1. Block diagram of measurement system.

Copyright 1961 by Generol Rodio Compo~y, Well Concord, MOlloch"~et",U.S.A.
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(;ommollly referred to as microphonics.
\Vhen olle \,-allts to rcach the c:xtrcmc
limits of stabilit.y for :.L signal generator,
mie]'ophonies and high acoustic: noise
level;.; may prm-e to be the limiting
factors. \Vhell a :'3ignal generator is
operated ill acou:-;tical]y noi~..\y CI1\'il'oll

mcnts, it may c.'\hibit carrier-frequency
ill:-;tabiliLy at frcqllcilcics related Lo i11
tel'llal mCChUlliGal rC~()llatlCC,i. It i,i of
interest to knO\y \yhere these resonances
arc and ho\\' milch frt>(jucn<.:y c1cyiat"ioll
they may be ahle to generate in a gi"cn
environment, in order to minimize them
\\'here possible and to pro\'idc \'ibration
i."io!atioll and acoustical in:-;ulation \\'here
pract-ieal.

.-\ bnnd\yidth eOH)l'itlg at least the
audio spectrum j;-; highly clcsirdble ill
the le::it ccluipmcnt. .\n oscillo,-;cope
pro\'ides 11 conn:llient yisual display of
the audio-frequency signal from the
dis(Timillalor output. An appl'Oximatc
frcqucney analysis of microphonics C:-lrl
easily be nwde by lise of ,t ~hake tah[e
to \'ibrate the gellerator ullder test.
Dominant mechani('al resonanccs can
he quickly located by \'ismd ohSclTatioll
on thc o,"icilloscope as the \'ihrator c/J'in;
frequen('.y iH varied .

.-\cou-iti('al elTeds, \\"hi('h arc similar
to rnicrophollics, call be examined by
llse of the :-;peaker ~ysterYl shmnl in
Figure 1. For most :-u..:ellrate resu[t ...;, the
genf'ratol' under Ie,",:\"' shon[d he cll('lo:-;pcl
in an anechoic ('hambcr, all"ilollgh \'ery
lL-.:efuln'slIlh-; ean he obtained \"ith \'ery
milch simplcr cnclo~lIres..-\ TYPI'; 1551-C
Soulld-[J0\"(:1 i\fcter is recomnH:'nd<-·d t'o
monitor toll(' ~olllid [c\'el \\'ithin the
encloslll'("

'To determine the crfed of \\'hite n()i~e

\lpon the generator undcl' test, the
speaker can he dl'iYclI by the 'T'YPI;;

1290-1) Ilandom "\~oisc Celleralor. ]t· is
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perhaps more significant to examine the
response to single-frequency sound as
the frequency iti varied o\'cI' Lhc cntire
audio spectrum. Thiti can bc donc COll

\'enielltly by use of :-.1 Gombination of thc
'I'n'I': l30~-B Beat-Frequency .·\udio
Gencrator and the 'fYI'E 1521-.--\ Craphic
Le\'el Hecordcl', as shO\nl in Figure 1.
~\. ehurt of ."iignal-gclleralor ftl1 c1e\'iatioll
magnitude vs. acoustical-cxcitatjon fre
quency \\'ill be obtained. Such a chart- is
\'cry llseful in predicting gellerator per
formancc ill high~lcvel acoustical en
\'ironments and SCITCS as a guide to\\·:-.1rcl
climination of unwantcd mechanical
I'cson;1I1Ce5 \\'ithill the generator.

.:\fany sY!'iICmS are cOJlcel'lled \\'ith
maximulll pcak-ampliwde signals (as
opposcd to nl'lS or a.\'el'age), \\'hich tcnd
to o\'erload lhcm, sometimes to the
point of completc lo~s of amplification
for sC\'eral seconds, III such cases, the
knO\Yledge of t-he pcak amplitude is
important. '1'he amplitude corresponding
to the peak de\'iation of a signal gencra
(Ol"!'i ealTicl' frcquency i.':i easily measured
\\'ilh the Type 1556-A Impact- ::\oise
.\nalyzer to indicate peak de\'iations of
the signal. .\. r:hoice of timc-average,
quasi-peak, 01' peak response is pro\'ided
for cithcr polarity of the signal being
measured. This permits the measurc
ment of transicnt de\'iationi', sueh a~

may rCi'ult from ~ho<;k or \·ibration.

INCIDENTAL FM

\\'hen a signal gencrator is amplitllde
moclillated, somc incidcnt.al frcfjuellLy
modlllaJion a\:-;o occurs, 'The measul'e
ment of this efTect impo~es sc\'ere 1'('

fjUil'Ctl1cnts on the mea~ul'illg apparatus,
\yhich must bc capable of hundling 1he
rf illPllt signul \\"ithout phase distortion,
at any modulating frcquene.v within
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the capabililie!-' of the generator under
test. A variation of pha,-;e in the genera
tor carrier frequency during the modula
tion cycle will re:;ult ill incidental fm.
Similar phaBe Bhifts call also occur in the
test apparatu~and call lead to erroneous
results unless aclequaj-e de:-;ign precau
tions are taken. ~reasurements at very
10'\- le\-els of incidental frn are usually
limited by thi. effect, especially at the
high audio modulation frequencies,

"'hile a carrier :-;ignal can be examined
\-isuully on a panoramic c!i:-iplay dm-ice,
it. is difficult to identify :~eparately thc
am and fm :-;idcbullds ",hen both arc
~imult,aneotltilypresent. For this reason,
the system :-:hO\\"11 in Figure I, \rhich em
ploys an fm di;;crimilliltor, is recom
mended.

One of the most important fa(·tors in
the me..'1surement of incidental fm if' the
complex wa\'efOnll ill\"oh'ed, .-\.~ pointed
out previously, ;;:.igllals thal represent
the residual fm noi:::;c of a signal
generator cHITicr frequency are COIll

monly complex \ru\'efonns, dominated
by strong component:-; rclated to the
power-line frequency. Himilarly, the
f:ignals that repre:--cnt the illeidental fm
of an amplitude-modulated ('arrier \rill
nlry considcrably in wa\·cform. T'hey
will contain fl'equencic;;:. related to the
amplitude-modulation fund<lmental fre
quency, O\'er a \\-ide nlllgC' ill modulation
levels and rnodulation frCfluency, the
measured signal ma.v eh<lllgp f!"Om Hearly
sinusoidal t,o a highly di:-;lol'ted eornplex
;;:.ignal.

Thus, either the band"'idth of the
measuring ~y~jem must be adequate. or
corrections must be made for it. Correla
tion between \'al'iom: methods of meas
urement can be made where the re
sponse chal'aC'teristics of eaeh system
nre knmn1.

MEASURED CHARACTERISTICS OF THE

TYPE 805-D STANDARD-SIGNAL

GENERATOR

The measurement systcm of Figurc ]
was used to evaluate thc performance of
the TYPE 805-D Standard-Signal Gen
erator, \ril h results as detailed belo\\".

Residual FM Noise

In te;;ts on the '!'YPf: 805-0 ~tandard

Signal Cenen.llor for frequent)' stability,
measurelllents \\'ere fir::;t made of the
residual-fm-noise characteristics over
the entirc carrier-frequency ra,llge (lG kc
10 50 Me). Records were made directly
in cycles-pcr-second deviation, since thi;;:.
is the most directly useful parameter for
e\'aluating generator performance in
natTo\\--band systems. Pertinent data
arc shown in Table 1. A typical produ('
tion-run inc,trument was taken for these
measurements and the results are to be
yie\yed as typical, rather than guaran
teed.

'The results show that an observed
unmodulated calTier-frequcll('y f-Jtahility
of the order of olle- or two-ey(·lc de\·ia
tion can be aehie\-ed over Illuch of the
eHlTier-frequcne,Y range of the generator.
~[oreO\-el'. the greatest ('ontributing far'
tor causing this degree of instability i~

related to the pO\\'er-supply frequency.
This is c\'ident when the dominant
power-frequcncy-gencrated componcn t
is filtel'ed out. This suggests that fol'
critical uscs improvement can be ob
tained through the use of a dc heater
;;:.upply. The generolls cabinet size and
10\\' internal-temperature rise will permit
the installation of an internal transistor
regulated heater supply. 'Vith such an

arrangement, the re;;:idual fm noi~c

:=:hould approach onc-cycle de\'iation
O\'cr most of the carrier-frequency range,
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INCIDENTAL FM MICRO PHONICS
With 400 '""-' AM at Resulting from

CARRIER FREQUENCY RESIDUAL FM 30% AM- 80% AM Mechanical Shock

± .6.f Peak

I Majo,
Deviation

Major -in cps
± l1f Component with ± l1f ± l1f ± l1f Component
Peak of Peak Major Peak Peak Peak of

'" Deviation Deviation Component Deviation Deviation Deviation Deviation
M, in cps in cps Removed in cps in cps in cps in cps

0.5 2 60 <1 75 260 500 290
1.6 1 240 <1 240 400 50 280

1.6 2 240 <1 60 260 1000 280
5 2 240 <1 360 1000 500 290

5 15 240 <1 50 200 1000 280
10 30 240 10 150 400 2000 290
16 6 30 4 290 800 500 280

16 26 240 10 425 1000 5000 280
20 35 240 13 300 700 3000 280
40 60 240 14 1500 3800 10,000 275
50 70 120 15 4200 10,000 5000 275

,,-hen the generator is operated III a
110rmal laboratory cll,-ironrncnt.

Microphonic FM Noise

The TYPE 805-D Standard-Rigllal
Generator has but onedomillallt mechan
ical re~onan('e, and t hi~ is in t he region of
275 to 290 cycles per :::c('ond for most
conditions. This ""as determined by mc
chanicnl and acousi ical excitation of the
generator o\'el' !1 wide-frequcncy range.

The data given in Table 1 illu1"itrate
\\'hat call happen to theeaJ'l'icl'-fl'equen('y
;-;tability \yhcn the panel i~strll('k a sharp
blow (cxeceding t hat likely to be en
eounlercd in nOlTnal usc), .\ ~ubl'itantial

freq\leney dc\'iation can occur, The rate
at \yhieh it will occur is Icugely dCICl'

n1ined by the frequency of t he major
mechanical resonance of the generator,
\\-hile the magnitude of the dc\'iation
produced \\'ill be a function of the 1'('."

onal1('(' Q nnd the nature of the impact.

The data shown are extreme; for nor
mal laboratory conditions in('idcntal fm
resulting from mierophonics arc seldom
;-;ignificant.

Frequency Drift

.\. low-fm-noi:-e :-ignal gcnerator \\'ill
be of maximum utility only if its fre
quency-drift mlc is al~o low. This should
be low enough 10 enable the user to ~('t

a specific freflucncy and ha\'e it remain
con:-;tLLnt" long C'llough to complete his
meaSllrement "'it hout resct annoyantC,
I-lere. again, the rcquirements are deter
mined h~' the intended usc of the gen
emlol'. Since the minimum frequenC'y
drift will bc obt:tincd under constant
opera! ing eondit ions, it, is al\\'a,Ys hc~t

to kcep the gellrratol' in continuous
opcmtion to ll\'oid thc WHI:lI warm-up
c,velc. For tho:-:e ca~cs whcre this is not
pos:::iblc, the C'lIl'\'(';-; of t~'pi(,:ll frequenty
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Range Switching Effect

~,---

Figure 2. Graphic records of frequency drift. The
upper set of curves shows the effects of range
switching. The lower group shows drift 01 a can
slonl swilch selling. The records 01 the lower left

in each group show typical lang-term drift.
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drifl :-hmnl ill Figure 2 \,-ill be helpful.
Thc:-c data reprc:O:CIll the ('hange in fre
quellcy beginning with the start of
o:-icillatioll5 follO\\"ing turll-Oll of the
power :-iwitth..\symptotic ~tabilit.Y \\-ill
he reached within the fir:':t hour of
opcl'at iOIl.

.\ not her :-;OllI'GC of frcq IlNICY dri rt j:-;

sudden challge~ ill oHcilla{o]'-ci]'('uit COI1
dilioll~. !\/fajol' tOllll'ibll(or:-i to this type
of drift arc band-:"witching and, to a
10;';;';('1" extent, changes ill the fl'cqllcnc'.\'
dial setting. With the generator 1I1

normal operation (long enough to han'
pa:--.scc! through the illitial \\-ann-llp
cydC'), a change frorn olle frcqtlelle~'

range to another will hring about a
secondary frequency drift. Typi('al of

the results to he expcctcd arC' the ('Ur\'C:-i
8ho\\"n in Figure 2. Thi:-: than1('teri~tic

appropriately define~ the pmc·tital limit
of frequency sta.hility, rather than the
final vailic reached under long-term,
con~1alii-operating condit ions.

Incidental FM

111 general. the illeidentnl fm in n
:-:ignal generator will he a funetion of
carrier frequency, amplil ude-mocIulat ion
pereelltage, ancI mod II 1<11 iug frequency.

Thi:-< last ean be quite important at 10\\'
carri()l" frcqucllcie;-;.. The lUlITO\Y band
width;-;.of the tUlled tir('uit:-; may re:-:ull ill
Sll bsl ant inl ilwicicll j al fn) being gCllenl1 ed
a.t high modulalio11 f1'()qllc]H;ic.<;. Figure;)

sho\\'s j hi~ concli1 i011 for cnrrier fn'qllPll
cics ill the 50- j-o 150-k(' nlilge. -:\0 grPlIl
dlallge ill the IC'\'(,! of incidcntal fm i:-:
found O\'CI' thi;.: !"<luge' of ('arricr fre·
qucncy. );"otc. ho\\,('\·cl.. the rapid ri:-:c ill

incidell1al fm as thc modulating fl'(,
(lllC'IICy increu;.:c!'. Thi:-i hcha.\"ior ;.:ugge:-:!;.:
pha:=:e modulation ari:-;ing from a:-;ym
metrical pha-:-;e:o;. and amplitudcf' of the
side-hand;.:.

Figure -I- :o:hO\\'~ I he ill('idental fm pro
du('ed at t he high carrier frequencie:-:.
'rhc prc:o:cncc of a subsl ant ially highp!,
I('\"(,! of incident:)! fm i!-i c!rarly apparent,
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Figure 3. Incidental fm as a +1
function of percentage modula·
lion at carrier frequencies be·

tween SO and 150 kc.
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Figure 4. Incidenlol fm os 0 function of
percentage modulotion at high carrier

frequencies.
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but note the absence of a cbange \yilh
modulation frequency. This beha,"ior
suggests parc frcquency modulation re
sulting from reaction on the oscillator.

Table 1 shows typical performance at
two specific amplitude-modulation levels
for various carrier frequencies through
out the range of the signal generator. As
might be expected, the magnitude of
incidental frn will increase on any given
carrier-frequency rangc as the carrier
frequency increases.

Carrier Distortion

.\nother characteristic of general in
terest to signal generator users is carrier
frequcncy distortion, which is impor
tant in wide-b<lrtd testing. In tests on
,·ideo n.mplificl's, fol' instance, carrier
distortion should bc held at a minimum.

Some compl'Orni~c bct\\"ccn carner
distOltion and om·clope (amplitude
modulalion) disLortiol1 is II~lIally neces
sary in an inst rurncnt, covering a ,,"ide
frequency range. This l"cslIlts from OVOI'-

Figure 5. Panel view of the Type 805-0 Standord.Signal Generator.
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CARRIER
fREQUENCY

IN Me

1.6
5

5
16

16
50

TABLE 2

CARRIER
HARMONIC
DISTORTION

2.3%
5.5%

1.0%
3.1%

1.2%
3.1%

uudio-modlllntion ;;;tagc:-, from tll(' 10\\'
frequency enrricr ;;;tngc:-i. Mome distort ion
exists :It lo\\' C:tHicr frcquC'!u'il':-i from tlli:,;
cause. At the higher c:\l'ri<.'1' fl'cqucnrics,
less carricl' di~\'ol't ion is found. This
I'csultf' from the itlf'J'C:1:-iiJlg sC'lcctivily
31, highct, ('I\I'J'ipr rrcqllC'lltiC'~. 'Tahl(' 2
l"!IO\\";;;' 1'C';·mlt~ lypie:ll of thc TYPE 80!)-D
Sbllldnrd-Signni Crncrntor.

- C. _\_ c."".

lapping requirements III the frcqucl1('Y
ranges, as for example, the maximum
modulation frequency at the minimum
canier frequency. In Lho 'TYPE 805-1)
Standard-Signal Generator, these fre
quencies arc identical but would not hC'
lIsed simultaneollsly. This imposeR a
practical limitation on the isolation of

The TYI'I" S05-D fitnllcJ,"-d,'ligllnl
GrllC'r:ll or ~IlpC'r:.:edC's t hC' '!'Y 1'10"": 80.5-('.
Oldel' typrs of tllhC'::;., 1llC'!('J':-i, nnd othC'r
rompollC'ld,s ha \'C h(,(,11 replaced \\'i t h
('urrcnt", tYl>r1", and tl1('r(' have hecn some

Il1CCh:llli(':ll clwl1gefo:., PCl'fOl'lllfltlCC spcci
fica1 ions [lnd pncC' rCJll:llll t1l1ch:1llgpd
:tJld :11'(' li:-:jNI ill 0111' ('lIrrCIlI catnlog,

CONNECTOR IS KNOWN

CONNECTIONS IT MAKES

A
BY THE

1'he hermaphrodite coaxial cOl1lll'(;lol'
(General Radio TYPE 87~1 *) \\'as initially
greeted, upon its introduction in 19-18,
\yith reactions ranging from HOh, no!
~ot. another cOllncdol'!" to "Good! It's

about time!" Binee then. this conll~('lor

ha:; seon incl'ca:o:ing use cHeh year and
recently has been ~el('(,tcd b~' sen'ntl
\\'c!l-knO\Yn mnllllfactllrcr:-; for lI~C 011

no\y and adn1J]('cd instrunwnts. I':x
arnples of some of these large-scale liSPS

arc RhO\Y11 ill tho accompanying photo
graph~. 1"he.Io,;o manlifart\lrC'I',~ certainly
hit\'e not hn:.:cd their ~electioll 011 whim
or nm'dty, but on sound cngineC'l'in}!;
judgment and common scn~e. Here i~ :l

brief report about \I-hy the Geneml
Radio conncf'lor has been eho~en h~'

some of it~ 1arge-~calc u~cJ'S.

-u.s. P:l\elll :-':0. :?.-)1~.1.'i7

jvro~j, Iwoplo fcC'1 I h:l t I here are
:lll'C':l.d~r 100 m~HY diIT(It'cld types of
('oaxial (·ollllC'('lol';<';. This r('C'ling poses <.l.

rOlTnidahlC' hurdle Ihal llHl:-it be ~llr

1ll01l1l!C'd hC'ron' all~' ('OI1I1C'(·tOI' (':.\11 bC'

('(Hl1f' \\"idC'ly :w('C'p{C'd..\ 1lC'\\' <,OllnC'('IOr

11111:.:1 pron' t h~ll :ln~' po:.::-:ihle complif'il.
lion it may bring i;-; gl'(':1tl~r ouhn'ighrd
h,v it,..; :H!\,nni:"lg<,:", For ill(' en connec
lor, lilp In:ljOI' :I<!\':lll(agc,-; al'r:

I. 11f'l'trl:tphroditf' df'sigll-the I'C

~lill illg; ('liminal iotl of plllg:o; nnd ja('ks
gn'a ll.\' 1"i 111 pi i fie..; ill t ('1'('01111ccl ion~ lt11c1

dr:1:.:ti(·ally I'('(hu·e:.: :-iIO('k:-i or :l(!:tptor;-;
and pal('h ('ords lleedC'<!.

2. ){C'flC'(·j ifHI:-i cOll:.:id{'l':lllly IO\\'el' 1hall

1ho,..;{' of ot 1\('1' ('oaxial ('OIIIlC'Cj 01':-:, :lnd
r('{'elltl~r irnpron·d {'\·C'n furthel'.

3. C'OIl\'C'lliC'llcP of quick-rollllerl/dis-
connect ('0111]('('1 iOll:" 110\\· C'tlhflll('C'c! by
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Tektronix, Inc., uses the GR Connector on

several new oscilloscopes, including the

Model 519 DC 10 1 Gigacycle Oscilloscope

(l25-ohm version-see paragraph ot end

of article), the Pulse Sampling Systems, and

the recently announced Model 567 Digital

Readout Oscilloscope. The versatility of these

instrument systems is reAected in the various

ways they can be connected, and the com'en

ience of the quick-connect/disconnect her

maphrodite connector is very important, The

ability to handle extremely fast pulses with

negligible reflections was also on essential

factor in the selection of the GR Connector

by Tektronix.

pro\rL-;lOn of 11 locking arrangement,!
effect i\'e at the u~er':-; option (\,lId COIl1

patible \\'ith non-locking \'CrSiolls.
-L\ '-ailabilil_v of 101'-· \'f;W]I adapt o"s

to all cOll1nlollly used eOtlllcdol' systems,
\\'it h fc\\'cr adapLor Lypes needed,

HERMAPHRODITE CONNECTORS
VERSUS PLUGS AND JACKS

It \\'118 not easy to introduce 1he

1" '\{'\\" find IlllPI"UI'cd ('on xiul ('"nlH'c(.ur,s. ' General Ulldia
Hxperi"'''"/f'r, :,.;. 10. October, 1!l(il.

hermaphrodite conneetol' into a \\'011
e:.;tablished \\'orld of male and female
connecLor::i. It certainly was easier,
though, than if the situation had been
t'e\'er~ed, and plugs and jacks \\'el'C try
ing La gain acceptance against the es
tablishcd con\"ellicnec of hermaphl'OdilC
COllllectors. The plug-and-jack sy:;:.tern
1'01' POtVe'I' cOllllect ions has all essential.
practical ad\'anlage in terms of ~afet.Y,

but the carry-over of the plug-and-jack

Computer. Measurements Company selected the GR Recessed locking Connector for use on their Model 7088

100 Me Frequency-Period Counter for several reasons. The facl that a low-VSWR adaptor to any common

connector type can be locked in place on the instrument allONS CMC to meet differing customer requirements

very easily - and the hermaphrodite characteristic greatly reduces the number of adaptor types required.

Finally, excellent shielding and low VSWR are mandatory. CMC sees this locking connector as on excellent

solution to on old problem and expects it to find increasing use on modern electronic test instruments in the future .

• 'j.,J
'cD'-,

o fIlJ:
.'.~j
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Eldorado Electronics hos selected the GR Connector for use on their Model 1-109 2-Nanosecond Time-Interval

Meter. The high-frequency puh.es hondled by this new instrument impose severe frequency-response conditions

on the connector, which must hove constont-impedance ehoroetedst's 01 gigacycle frequencies ond excellent

pulse response. The electrical performance of the GR Connector, its convenience, ond the wide variety of

available accessories make it ideally suited to this application.

concept into low-po\\'CI', high-frequellcy
COlll/lli/lticaUons iLnd IIIcwwrellwnl Cqllip
ml'1I1 rarel.\' h<.l8 <.LIlY bu:--ic 'll.h-antagc and
re~lllts instead ill a basic Iluisance..\
major reason fol' t he adopt ion of the
'"fn'/,: 87 L COllllC('101' h,\' il:-: lal'ge-:-:ca!e

U;SCI'S has heen the elimination of lhi~

nuisance - there i:-; ollly Olle ba:-;ic type.
allo HIIY COII11C('j or COllnect:-; dircct Iy \\"iJ h
allY oj hcl'. For exam pIc, j he ('olllpre!lcll
;;i\'c CC'llcl'al ILldio Iinc of \'hf-lIhf illst 1'11

mcnts :.lIld coaxial clelllcHt::;, lllallY of

'\.Thich arc t\\'O 01' marc porI dc\'i('t' .....
would ha\'c bccH much 10....;:-; practical Hllc!
flexible \\'ithout the hcrm'lphrodilC' ('011

nectol'.

REFLECTIONS AND VSWR

.\llother, alld important. 1'0£1:--011 for
Gelloral Radio':.; dC\'c!opmcIlL of I he
TYPE 87-1- COllllcclor \\"a~ thc laek of U1\.\'

oiher ('otlllcc101' \\'ith 1m\' enough rs\\' I{

to allow itf.: Il:--C ill a f1exiblc :-:.ystcm of
l'oaxial elelllC'111:-: for !l1ea:-:ul'C'!l1en1 pur-

At Sage Laboratories, Inc" GR Can·

nectors are widely used in their pro

duction and laboratory test work to

save time. Many of the measure·

ments made on Sage microwave

components, such as their TEMLINE

Hybrid 3 db Coupler~, involve many

connect/disconnect operations 10 de

termine coupling, directivity, and

VSWR for each unil over its frequency

range, These components are tempo·

rarily filled with GR adaptors 10

make the operator's work easier and

to ovoid wear on the equipment

under test,
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Edgerton, Germeshausen & Grier, Inc., uses

the GR Connector on their Model 751 Pulse

Generator. The major factors Ihot influenced

their selection ore ease of use ("no plugs or

jacks to worry about"), excellent electrical

characteristics, and ruggedness ("a good,

rugged connector").

fDGl:'It'ON GfIlMESHA,USEN & GillER. INC.

gcncral-pllrposc coaxial
its frequency range (de

poses. Since t.he CR connector's intro
(hlGt ion, other connector typcs have
becn :o:ubstant ially improvcd (and man,v
I'U'W types creatcd - c.g" C, ] lC, se.
T~C, etc.), but the GR connector.
whi(·h it;:;elf ha:-, heen impro\'cd by many
refincmcnts, still has thc lowcst I'cAcc-

I ions of any
eOllncctor ill
to 7 Ge).

Some of the reasons fol' this per
formance arc:

1. Larger internal diameters (about
twice thc dimellf'ions of Type ::'\) reduce

The General Electric Company's Chemical and Materials Engineering laboratory in Schenectady has largely

eliminated connector problems in the wide variety of measurements they make between DC and 50 Mc by

selecting the GR Connector for use on their equipment. This equipment includes screened rooms, controlled

temperature chambers, dielectric·specimen holders, and measuring instruments of various makes, which are

modified on arrival '0 use

the GR Connector. This

laboratory uses Teflon beads

(available on special order)

in the GR Connecton in

order to permit use in high_

temperature tests and to

reduce difficulties from dirt

and moisture in measuring

systems involving extremely

high impedance levels.
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8allantine laboratories, Inc., needed (] well

shielded connector that would mate without

cny kind of twisting action for their Model 393

High-Frequency Transfer Voltmeter. In this

highly accurate instrument the interchangeable

measuring probes are plugged straight into a

deep ponel recen, with the connector joint in

accessible. for DC standardization after first

being connected to on unknown rf vollage to

be measured.

errors due to allY specified absolllj'c
tolerance in dimensions. Ho\\"c\'er, the
outside diameter of the GH connector i:-)
not greater ill proportion to ib larger
internal diameters, beca.use it:o; de:;ign i:-;
simpler and mol'C efficient in thi~ respc(·t.

2. Tighter absolute toleranceb of in
ternal dimensions of mated connectoJ'~

rcsult ing from mol'C favorable connector
geometry and through u~e of special con
trol rncthod~ in fabrication proccp,,;;;e:-; (to
be described in a future article).

3. ] lardened beryllilun-copper inllC'r
conductor spring cont,acts givc stability
and permanence t,o the init-,iallow VS\VR
of the GR eonneelw.

--L Opt imum imiulalor dc:-:.ign, in termR
of diameter compcn~ationJ ~pacing-to

thickness ratio, elc.

The advent of fast-pulse countillg
circuits and oscilloscopes cO\·el'ing a
spectl'urn to hundreds or thousands of
megacycles has further accelerated the
demand for Im,--\·S\VR connectors.

CONNECTION CONVENIENCE

Ot her connectors are of t.\\"o hU:-ii('

Htyle:; hayonet-Iock types (such af.:.
Typc:-:. C a.nd B\"C) for use ,,-here ('011

neel /di:-:collllcet speed is most impor
tant, and scre"--QIl types (such as Typc~

X, fiC, and TXC) for lI~e ,,·here the
mechanical weakne~s and eledricallcak
age of bayonet -lac k types arc intolerable.
A choice must be made - convenien('c
\"cr~t1:-i Htrength and shielding.

Xo such choice is necessary with the

The Physics-of-lnsulation Section of the

Westinghouse Research laboratories uses the

GR Cannector widely on measuring equipment

operating at frequencies from DC to micra

waves. Ten to fifteen years ago, before

adopting this connector, they used three or

four different connector types, each with mole

and female versians, and found them to be a

continual source of inconvenience. Now the

single GR hermaphrodite type is used wherever

passible on such instruments as standard

oscilloscopes, special fast-pulse corona test ap

paratus, amplifiers, special capacitance

bridges, and interconnecting cables. As a

result, more time can be spent on the measure-

ment and len on the setup.
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lle\\" TYI~~ 87-1 Loeking Connector..\
locking ::;!ecyc iti prm'idcd und i:':i a!\'-<1ys
roady, but its use j:-; optional. Therefore,
in one connector, speed and cOllvenienc('

h~l\'c been combined ll'itlt high mechanif'al
;..;trength and low electrical Leakage.

HIGH-IMPEDANCE CONNECTORS

:::lc\"cral ol'ganizal iOllS ha\'c sati ...;f;:\,(·
tority adapted the Cit COlltlrf'i"ol' to

100-ohm and 125-ohlll ilnpcdance levcl:-;.

The %;-inch elc('[riral diallleter of the
OIlier conductor allO\ys illllcl'-conduclol'
dimensions large ellough to be practical,
~11](.1 j he basic COIlIIC('tol' dc:-.ign make;-; it
relatin:-Iy :-:irnplc to u:-:c hi~h-illlped;lll('c

bead and inncr-condu('lor <!r:-;igll:-' ,,"hi]p

:-;\ ill retaining 1he dC:-iimhlc hel'm:lph
!'Octile characicl'i:-;iic. Thc:-:e high-imped
~lIlCC dc:-:igns arc uscd on cquipment
;lssocia.lcd with ion or radiatiOlI dcl('('
101':-: in order to obt.nin maximum Olltput
from the detedors. whi(·h ;11'0 COllst:lnt
('U!Tcnt dm'iccs. L:trv;e-scalc users of
1hc:-:e high~impcd(\'llce \'cr:-iiolls of the
(;R COllllcctor tHO 'J'cldronix, 1Ilc.,

Ilnd l.Bdll;crtoll, Ccrmc:-ih<-Hl.'icll & Crier,
111('. fll c\'cry illst-lLlH'C :-in fa.r, CCll0J'rd
I{adio haf> Sllppli0d the Oll(er ('olldlldor
PHl'ts ollly, \\-dh t,!le w"cr flll'llishillll; jhe
hill;h-impedance head.'i :llld inllcr condIH'
lo!'," to ohtnill 1hc dc:-;ircd impc(bll('0

l('n'l of pifher 100 ohrns or 125 ohm:-;.

- \r. B. TIIUHSTOS

THE

NEW ENGLAND

OFFICE

R. B. Richmond R. K. Peterson S. P. Roberts

\,"hile the :\"e'" England Di,tricl Ofliee
i:-: physically loea.tcd at our home office ill
COlltord, it is operated ill much the same
manncl' as our other distri(,t offices, The
:\'C\\' England Officc i:-i rcsponsible for
'ialc:i in all thc XC\\' Ij:llglalld :-;tates, cx
('rpt fot' the Southcl'll Connccticut fLl'f'(\

which is ~el'\'ed by our ~c\\' York Officc.
The \lC\\' J~llglatld ).tfanagcl' is Rob0rt,

B, Hichmond. He is a"i,ted by Ralph 1\.
Peterson and Stuart P, Roberts. .:\II'.
Pclcr~on hl1S rcrcntl,v j 1'<-111,-.:1'('1'1'1"<1 from

the ~l'ller~ll :-.;ale;-.; (,1I~ill(,(,l'jJlg group :111d
\\'ill dc\"ote hi~ full time 10 our ConnC'c!i
CIII tllJd ).[af.i:-iaeh\l;,;ctl:-: customcl's. ).[1'.

Bohrrt:; joincd the CCIlc-ral Badin Com
pallY 1\\'0 yea.r:-; ago a.lld will be responsi
hlp f(ll' mIlch of 1he salc.-:covcragc in 1';<1sf
Lerll ).fassachuset Is and Rhode I~l:tlld,

.\ tclcphone call j,o Chcse engineel'," at.
KVfcrsoll 9-4--1-00 OJ' 1\11 J:.;siotl 0-7400 will
!wi JIg; prom p t, info rm;ll in 11 II bOll t- (i (-'Jl 01'<-11

Badio prodll<'1S.
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GENERAL RADIO IN FLORIDA

'rhe accompanying photograph sho,,"s the entrance \0 our nc"- Florida
om<,c. alllloullCoJ in the October is:-iuC of Lhc EXI'EHUI E.\''l'EH. Loca.ted at

11.3 l~aHt Colonial Dri\"c, Orlando, the office is managed by John C. Held
of OUI' Sales 1';llginccl'ing Staff. Telephone i."'i (lArdell 5--W71.

General Radio Company
extends to all Experimenter readers its best wishes

for a Happy and Prosperous 1962.
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