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A NEW 200-VA AUDIO GENERATOR
(see cover photograph)

Figure 1. Guarded
emitter follower.

One of the primary uses of high audio
power is in the testing of electronic de
vices over a range of power-supply fre
quencies. The new TYPE 1308-A Audio
Oscillator and Power Amplifier is well
suited for this function and, in addition,
has a number of features that fit it for
other applications, many of which are
not possible with previously available
generators.

Among these features are all-solid
state circuitry, low distortion, low dy
namic output impedance, and separate
meters for output voltage and current.
Maximum output of 200 voltamperes
can he delivered to matched load im
pedances of 8, 80, and 800 ohms and a
maximum of 5 amperes into lower im-

pedances. The output circuit will pass
up to 5 amperes of dc.

The generator is an excellent power
source for the measurement of the prop
erties of ferromagnetic materials with
the TYPE 1633-A Incremental-Induct
ance Bridge at high levels of ac and de
excitation. Other uses include driving
shakctables and acoustic transducers,
testing servo systems and magnetic
ampli fiers, and testi ng regulated power
supplies.

For specialized testing, the power
amplifier can be driven from an external
source, such as a high-stability signal,
random noise, 01' square waves.

CIRCUIT
Oscillator

The small size and good reliability
of solid-state circuitry are important
advantages for laboratory equipment.

Figure 2. Elementary
gram of the oscillator
sedion.
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The low impedance levels of transistors,
however, arc not usually considered
compatible with the high impedance of
variable air capacitors, which arc used
to provide infinite-resolution tuning in
RC lludio oscillators. A common alter
native approach is to usc ganged varia
ble resistors. This has several disadvan
tages. From an economic standpoint,
good quality, nonlinear potentiometers
arc expensive, and the limited resolution
of wire-wound potentiometers often re
quires a separate vernier device. To
combine the advantage of transistors
and variable-capacitor tuning in the
TYPE 1308-A Audio Oscillator and
Power Amplifier, a novel feedback
system is used. Since the impedance of
practical-size variable air capacitors
is of the order of 10 megohms at low
audio frequencies, the associated ampli
fier should provide an input impedance
of over 1000 megohms to avoid signifi
cant loading on the RC network.

Of course, feedback is often used to
increase the input impedance of an
amplifier. For example, the input im
pedance of an emitter-follower amplifier
is usually approximated by the expres-

TRAN'3'STOIl,

Figure 3 (above): Composite transcondudance
charaderistic of a Class-B transistor amplifier.

Figure 4 (right): Composite charoderistic of
Clon-A and Class AB amplifier.

sion R," '" {3 RL . It would appeal' that
by an increase in the gain, {3, of the
stage, the input impedance could be
increased indefinitely. However, the
collector impedance of the first transis
tor shunts the input terminal and will
limit the input impedance to the order
of 10 megohms.

The only way to achieve an im
pedance in the WOO-megohm range
with transistors is to degenerate all the
residual impedances of the input tran
sistoI'. A way of doing ~his is shown in
Figure 1. The collector of the input
emitter-follower is driven, or guarded,
from the output of a unity-gain ampli
fier, so that all three terminals of the
transistor are at the same potential, and
therefore no current flows from the base
lead through the transistor's collector
to-base impedance.

A practical realization of this tech
nique is shown in Figure 2. The com
plete input stage and its bias network
are driven from the unity-gain point at
the emitter of Q2. The input impedance
of the resulting amplifier is well over
1000 megohms for the ac signals in
volved. The three-stage feedback am-

I
I I
t>1INPUT1°.:x.T.o.G€<:J ~~AlL SIGNAl.!

INPUT ~OUAGE .1__1 __
(LARGE SIGNAL) I



plifier provides sufficient loop gain so
that the oscillator characteristics arc
not affected hy changes in transistor
characteristics.

Power Amplifier

The high power efficiency and the
small size of transistor power ampli
fiers are well recognized. There are
two serious problems, however, that
have limited their widespread use in
laboratory equipment - stability of the
bias point with temperature aud pro
tection against overload and consequent
failure. The voltage transfer charac
teristic, or transconductance, of a
push-pull Class-B transistor ampHfier
is very nonlinear near zero current as
shown in Figure 3. For this reason, a
slight forward bias is usually used to
shift the curves to a more nearly
linear region, as in Figure 4. Unfortu
nately, the base-<lmitter bias voltage
needed to keep the desired operating
point varies with temperature, so that
complicated temperature-sensitive bias
networks are needed. It is not possible
to keep the temperature-sensitive ele
ments at the same temperature as the
small transistor junction, and so some
shifts in bias are inevitable.

If, instead, the output stage is driven
from a high-impedance current source,
the much more nearly linear current
gain transfer characteristic of the tran
sistor is used l (see Figure 5). Under
these conditions, no quiescent current
is needed for distortion-free perform
ance, so that much greater temperature
stability can be achieved, and balancing
adjustments for the output stage are
not needed.

The circuit used is shown in Figure 6.
The low de resistance of the driver
transformer assures bias stability of the

JANUARY, 1.6. ~

Figure S. Output current (yerlical) YS input current
(horizontal) of the output stage of Figure 6.

output transistors. Ten output tran
sistors are used and are mounted on a
forced-air-cooled heat sink to provide
the power-handling capability. The
high-impedance drive is provided by
Q5. The transistor Q6 is used to balance
the direct current in the drive trans
former.

The Class-A driver is also instrumen
tal in protecting the output stage
against overload by limiting the availa
ble drive current. vVithout this, a short
circuit on the output could cause the
output stage to draw very heavy cur
rent, probably with disastrous results.
Two additional forms of protection are
uscd-a thermal overload breaker on
the output-transistor hcat sink and a
trip circuit that disconnects the input
signal when the output current or
voltage exceeds preset Iimits_

'ro achieve a low dynamic output im
pedance, two techniques can be used
negative voltage feedback, positive
current feedback, or some combination
of these_ Negative feedback is used in
this amplifier to avoid the stability and
waveform problems that can result

I Jamcs J. FlI.rnn, Jr. and R. G. Fulks, "High-Imped
ance Dri\'e for the Elimination of Croll$O\'cr Distortion,"
The Solid State Journal, December, 19G1.
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FROM
PREAMPLIFIER

B+

1
B+

B-

Figure 6. Elementary sche
malic of the power IlIm
plifier.

R219

R218

t R. G. Fulks and H. P. I'fnll, "A New Sr,stem for Meas
urillg lhe Inductallce of Iroll-Core Coils, ' General Radio
b'Xl1Crimenler, 30, 5, May, 11)02, 1m 1-12.

~ H. P. Hall, "The Type 12GS-A Adjustable DC Power
SUI)ply," ibid, p II.

• Gilbert Smiley, "The Type 12G6-A Adjustable AC
Po....er Source," ibid, P 13.

6

,
CLASS A I CLASS B
DRillER 1 OUTPUT

from positive feedback when reactive nal for measurements at power-line fre
loads are used. The large negative feed- queneies. The Ty,'>o 1308-A Audio Oseil
baek also greatly reduces harmonic lator and Power Amplifier can he used to
distortion as well as dependence upon supply the ac signal for measurements
power-supply voltages. A single-<lnded throughout the audio-frequeney range.
push-pull eonfiguration is used to pro- The output transformer of this genera
vide a convenient point to sample the tor provides voltage and current ranges
output and close the feedback loop. to match the wide range of impedances
Thus, the output transformer is not that ean be measured with the bridge,
inside the loop - a decided advantage and direct current up to 5 amperes can
with the large feed hack factor used. he passed through the output circuit.
Since the transformer is fed from a low- Meters are provided for both current
impedance source, its distortion is very and voltage, so that the excitation ap-
low. plied to the coil under test can be easily

APPLICATIONS determined. The overload-trip circuit
Magnetic Measurements is arranged to trip at 50% above full

One of the primary uses of this gen- scale on the current meter) so that) on
erator is as a signal source for the Typ}~ the lowest output ranges, the power
1633-A Incremental-Inductance Bridge' delivered to the load can be limited to
in high-power-Ievel measurements on as little as 80 milliwatts to avoid
iron-core inductors and transformers. damage to the unknown inductor.
These measurements require the simul- The ability to provide a low-dis
taneous application of ac and de signals. tortion signal to a nonlinear reactive
to the inductor under test. Since this load is also important. In the meas
requirement could not be met by con- urcment of an inductor on the TYPE

ventionally available power oscillators, 1633-A Incremental-Inductance Bridge,
new generators woro required. 'Tho the load presented to the generator
TYl'g .I265-A Adjustable DC Power
Supply' was designed for this purpose,
as was tbe 'rYl'g I 266-A Adjustable AC
Power Source4 which supplies an ac sig-



can be almost purely reactive. A reac
tive load dis.'3ipatcs no power, of course,
since the voltage and current are not
in phase. Although the Class-B output
circuit used in the generator is very
efficient with a resistive load, the effi
ciency drops nearly to zero with a
reactive load. Therefore, all the input
power must be dissipated in the output
circuit, a requirement that usually im
poses severe power-factor limitations
on the load impedance. In this genera
tor the output circuits have been built
to handle this power, so that, under
most output conditions, no power-fac
tor derating is required.

Fower-Frequency Testing

Another application is in the testing,
over a range of power frequencies, of
equipment that may be used by the
military or in overseas countries. Here,
the TYPE 1308-A Audio Oscillator and
Power Amplifier is particularly useful
because of its low dynamic output im
pedance. For example, equipment that
uses a capacitor-input rectifier system
draws current from the line only near
the peaks of the sinusoidal signal. With
such a nonlinear load an undistorted
signal is possible only when the dynamic
output impedance of the oscillator is
low - a feature not found on many
power oscillators. The waveforms shown
in Figure 7 are typical of this situation.
With this generator, the output voltage
remains sinusoidal even though the
output current contains many higher
frequency components.

This oscillator also has many applica
tions where immunity from power-line
transients and noise is required. Be
cause of the large amounts of negative
feed-back used, the output signal is
not sensitive to this type of disturb-

JANUARV. ,.6. ~

ance. A 5% jump in line voltage will
typically cause less than a 0.1% change
in output at full power.

In the measurement of hum and other
spurious outputs it is also helpful to
use some frequency other than the
power-line frequency to run equipment
under test, so that tbe desired com
ponents can be distinguished from the
line-frequency components in the meas
urement system itself.

Power Amplifier

Tbe usefulness of this generator is
greatly enhanced by its ability to func
tion as a power amplifier, driven from
an external source. Thus, it can be used
to supply high power with extreme fre
quency stability when driven from a
standard-frequency source.

Its good transient response permits
its use with special-waveform signals,
such as square waves and noise. Usable
power output is necessarily reduced
with random-noise excitation to avoid
tripping of the overload circuits on noise
peaks.

Other Uses

Some applications stem not from the
high power rating but from other fea-

Figure 7. Output voltage (top) and output current
lbotfom) of the Type 1308-A Audio Oscillator and
Power Amplifier when driving CI device that hClI:
a copacitive-input rectifier filter. Current is drClwn
only neor the peaks of the input waveform.

7
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tures of the instrument. When the gen
erator idles along at 60 watts or less, its
harmonic distortion is well under 0.5%
over most of the frequency range.
This, combined with the wide output
voltagc ranges, has been used for cali
brating dynamometer-type voltmeters.
The instru ment has also been used as
a signal source in series with a dc power

supply to provide a de source with
adjustable ripple level and frequency
for testing power-supply regulators.

Other applications where the multiple
voltage ranges are useful are the test of
servo systems and magnetic amplifiers,
and driving shaketables and other
acoustic transducers.

- R. G. FULKS

SPECIFICATIONS
OUTPUT

Power: 200 voltamperes, 50 cps to 1 kc. (See curves
on cover.)

Full-Scale Oulpul Ranges: 4, 12.5,40, 125,400 volts,
rms; 0.5, 1.6,5 amperes; in any combination up to 200
va.

Oplimum Load Impedance: 0.8, 2.5, 8, 80, 800 ohms.
Will operate satisfactorily with higher-impedance or
nonlinear loads. Output transformer will pass dc equal
to rated ac.

Regulation and Response Time: (See cover.) less
than 20% no load to fullload-20 cps to 1 kc. (Band
width greater than 10 kc provides essentially instan
taneous regulation.)

Frequency: Internal oscillator covers 20-20,000 cps
in four bands.

Harmonic Distortion 01 Raled Output: (See cover.)
1%,100 cps-10 kc
2%, SO cps-lOa cps

Hum: More than SO db below maximum output.

GENERAL

Overload Protection: Electronic overload circuit trips
at approximately 1Y2 full-scale current (manual reset);

thermal protection on transistor heat sink (automatic
reset).

Load Power Factor:

a to 1.0 for continuous operation to 30 C ambient.
a to 1.0 for intermittent operation to SO C ambient.
0.7 to 1.0 for continuous operation to 50 C ambient.

Meiers: a to 5, IS, 50, ISO, 500 volts.
a to 0.05, 0.16, 0.5, 1.6, 5 amperes.

Power Requiremenls: 105 to 125 (or 21 a to 250) volts,
so to 60 cps, 70 to sao watts, depending on load. For
SO-cycle supply, maximum output must be reduced
20%.
Amplifier:

Input Impedance--l a kilohms.
Sensitivity-Approximately 2 volts needed for futl
output.

Terminals: 8inding posts and 4-terminal connector al
rear.

Cabinel: Rack-bench.

Dimensions: Bench model-width 19, height 7, depth
16 Y4 inches (485 by 180 by 414 mm), over-all; rack
model-panel 19 by 7 inches (485 by 180 mm), depth
behind panel 15 inches (385 mm).

Net Weight: 91 pounds (42 kg).

Shipping Weight: 105 pounds (48 kg).

Type Code Number

1308-AM Audio Oscillator and Power Amplifier, Bench Model 1308~9801

1308-AR Audio Oscillator and Power Amplifier, Rack Model 1308-981\
U.S. Patent No. 0187,740.

NEW GRO REPRESENTATIVE FOR GREECE

Price

$1150.00
1150.00

8

We announce thc appointment of the
Greek firm of Marios Dalleggio as
exclusive General Radio Company
(Overseas) representative for Greece,
succeeding the firm of K. Karayannis,
who have represented us in that country
for many years. Effeetive January 1,
1964, Marios Dallcggio took over these
responsibilities and is now directly
serving our customers in Greece with

competent technical assistance and
advice.

All inquiries, whether technical or
commercial, concerning General Radio
products, should be addressed to:

Marios Dalleggio
2 Alopekis Street

Athens 139, Greece
Tel,710.669
Cable, DAlMAR-ATHENS
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VARIAC @ AUTOTRANSFORMERS
208/120-VOLT LINES

Users of Variac@ autotransformers
should seriously consider the advan
tages inherent in the increasingly popu
lar 208/120-volt, 3-phase distribution
system. Because tbe wye voltage of this
system is 120 volts (rather than 139
volts as in a 240-volt system), certain
restrictions on Variac autotransformers
in 3-phase circuits no longer apply. The
208/120-volt, 60-cycle system allows
the use of Tv""s W5L and W8L; other
models can be connected for overvolt
age, or step-up, as shown in the accom-

panying table. This tabulation points
out the potisibility of trading voltage
range for KVA on 208-volt eircuits.
Note that Ty""s W5L and W8L in
crease the available ICVA per dollar at
a sacrifice of Qvervoltage operation and
with operation limited to 60 cps only.

The step-up connection makes possi
ble outputs adjustable to 485 volts
from a 208-volt source, but it should be
noted that, for this connection, regula
tion is not so good as for the line and
overvoltage connections.

Figure 1 Figure 2 Figure 3

Input Frequemy, Output KVA at
Type Circuit * Volts Cps Votts i'fax. Volt.s Price KVAj,

W2G3 line 208 50-60 0·208 1.12 $ 52.00 0.0215
W2G3 Overvoltage 208 50·60 0-2-42 1.00 52.00 0.0192
W5G3 Line 208 50·60 0-208 2.81 61.00 0.0460
W5G3 OvervoltClge 208 50-60 0-242 2.52 61.00 0.0413
W5LG3 line 208 .0 0-208 3.96 59.50 0.0666
WaG3 line 208 50·60 0-208 3.96 70.00 0.0566
WaG3 OvervoltClge 208 50-60 0-242 3.57 70.00 0.0510
WaLG3 Line 208 60 0-208 4.68 70.00 0.0668
W1OG3 Line 208 50-60 0-208 4.68 108.00 0.0433
Wl0G3 OvervClltClge 208 50-60 0-242 4.20 108.00 0.0389
W20G3 line 208 50·60 0-208 9.36 156.00 0.0600
W2OG3 OvervoltClge 208 50-60 0-242 8.40 156.00 0.0538
W3OG3 Line 208 50-60 0-208 12.96 264.00 0.0510
W3QG3 OvervoJtoge 208 50-60 0-242 12.60 264.00 0.0478
WSOG3 line 208 50-60 0-208 18.00 397.00 0.0454
WSQG3 OvervoltClge 208 50-60 0-242 21.00 397.00 0.0529
W5HG3 Step-up 208 50-60 0-485 0.84 71.50 0.0117
W10HG3 Step.up 208 50-60 0-485 1.68 114.00 0.0147
W20HG3 Step.up 208 50·60 0-485 3.36 162.00 0.0207
W30HG3 Step-up 208 50·60 0-485 5.04 264.00 0.0191
W50HG3 Step-up 208 50-60 0-485 10.50 397.00 0.0264

• line, Figure 1; OvervoltClge. Figure 2; Step.up, Figure 3

9
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REPRINTS
Reprints are available of a number of articles by General lli1dio

engineers published in technical journals. Recent papers include:
Reprint

PublicationNo. Title A1ttlwr Dak
A-79 A New Look at the H. T. McAleer Proceedings of IRE April, 1959

Phase-Locked Oscillator
A-SO VHF Matching Network A. E. Sanderson Proceedings of IRE July, 1959

Design
A-81 ANew Design Procedure A. E. Sanderson Electronic July, 1959

for Optimum Matching Industries
Networks

A-82 A Novel Method of H. T. McAleer Electronic August, 1959
:Frequency Multiplication Industries

A-83 A Standard Program H. C. Littlejohn Electronic Oct., 1959
Cuts Costs Industries

A-84 Design Trends Increase W. R. Byers and Canadian Electronic March,1960
Versatility of Standard- G. P. McCuuch Industries
Signal Generators

A-85 How to Design Scales H. C. Littlejohn Electronic Sept., 1960
that Humans Can Read Design

A-86 Plastic Cutouts Help Electronics July, 1960
Design C Boards

A-87 Mixer Circuit Has Clean H. T. McAleer Electronic Oct., 1960
Output Industries

A-88 A Simplified Noise A. E. Sanderson NEREM 1960 Nov., 1960
Theory and Its Applica- and R. G. Fulks Record
tion to the Design of
Low-Noise Amplifiers

A-89 The Measurement of Im- C. E. Worthen Electrical Nov., 1960
pedance from Very-Low Design News
to Very-High Frequencies

A-90 Industry's Watchdog: F. T. Van Veen Safety Maintenance Jan., 1961
The Stroboscope

A-91 High-Impedance Drive James J. Faran, Jr. The Solid State Dec., 1961
for the Elimination of and R. G. Fulks Journal
Crossover Distortion

A-92 A New High-Precision A. E. Sanderson IRE Transactions Nov., 1961
Method for the Measure- on Microwave Theory
ment of the VSWR of and Techniques
Coaxial Connectors

A-93 R-F Leakage Charac- J. Zorzy and Microwave Journal Nov., 1961
teristics of Popular Co- R. F. Muehlberger
axial Cables and Connec-
tors, 500 Mc to 7.5 Gc

A-94 Precise Delay Measure- H. T. McAleer Electronics Jan., 1961
ment

A-95 An Accurate Substitution A. E. Sanderson Microwave Journal Jan., 1962
Method of Measuring the
VSWR of Coaxial Con-
nectors

A-96 The Use of Active De- H. P. Hall and Electrical May, 1962
vices in Precision R. G. Fulks , Engineering
Bridges

A-97 Thyristor-Tunnel Diode J. K. Skilling Electronic Feb., 1962
Combination Generates Design
Fast lO-ma Pulses

A-98 A Spectrum Analyzer R. W. Harley Electronic Feb., 1962
from General Lab Industries
Instruments

10
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~nto. 7'ille Aldhor Publication Dole

A-99 The Measuring Devices D. B. Sinclair Proceedings of IRE May, 1962
of Electronics

A-100 Noise and Its h.'leasure- F. T. Van Veen Electronics World May, 1962
ment

A-101 New Complementary J. K. SkiJling Electronics August, 1962
Transistors Make Series
Schmitt Circuits Practical

A-102 Dynamic Notch Filter H. T. McAleer Electronic Equip- Nov., 1962
ment Engineering

A-103 The Image-Parameter W. N. Tuttle 1962 IRE Conven- Nov., 1962
Design of the General tion Record
Two-Section Elliptic-
Function Filter

A-104 Magnetic PickuKtGener- W. F. Byers Electronics Dec., 1962
ates Frequency arkers

A-105 Tunnel-Diode H. T. McAleer Electronic Equip- Kov., 1962
Delay-Line ment Engineering

A-106 Simple Method for Plot- J. K Skilling Electronics March, 1963
ting Tunnel-Diode
Switching Waveforms

A-107 Novel Feedback Loop R. G. Fulks Electronics April, 1963
Stabilizes Audio Oscillator

A-108 Design Chart for Oon- G. R. Partridge Electronic June, 1963
stant-I{ Delay Lines Design

A-110 Electronic Standards and I. G. Easton Electronic July, 1963
l\'leasurement Industries

A-lli Direct-Reading F. T. Van Veen Electronics August, 1963
Instruments World

Reprints of several articles that have appeared
in the Experimenter can also be supplied:

Reprint
No. Tille Type No.

E-101 A New, High-Sensitivity Electrometer 1230
E-102 The Type 1603-A Z-Y Bridge 1603-A
E-103 A High-Precision Impedance Comparator 1605-A
E-104 The Measurement of Cable Characteristics
E-105 An Instrument Designed to Calibrate Capacitive Fuel- P-582

Gage Testers
E-106 A Graphic Level Recorder 'with High Sensitivity and 1521-A

Wide Ranges
E-107 A 1''ransfer-Function and Immittance Bridge for the 1607-A

25-1500 Me Range
E-lOS A New Universal Impedance Bridge 1650-A

E-J09 Measurements of the Equivalent-Circuit Parameters of 1607-A
Tunnel Diodes

E-1I0 A Generator of Random Electrical Noise 1390-B

E-ll1

E-1l2
E-1l3

Kew Eyes for Industry (Strobotac@electronic
stroboscope)
Rapid VSWR Measurements with Admittance Meter
A Close Look at Connection Errors in Capacitance
Measurements

Single copies free upon request.

1531-A
1602-B

Experimenter
Dole

March, 195G
July, 1955
April, 1956
May-Aug., 1957
Feb., 1958

June, 1959

March, 1958
May, 1959
March & April,
1959
July-Aug., 1960

Dee., 1951
Dec., 1959
Jan., 1960

Sept., 1960
May, 1960
July, 1959

11
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COAXIAL
CONNECTORS
AT
DC

Courtny Spauldin(1
Pibre Company

DC TO MICROWAVE - That's the fre
quency range covered by TYPE 874
Coaxial Connectors. And for critical
measurements at de the positive con
tact, good shielding, and convenient
plug-in features of the connector are
just as important and useful as at micro
wave frequencies.

An excellent example of de use is pro
vided by the accompanying photograph
which shows these connectors in a test
chamber at Spaulding Fibre Company
of Tonawanda, Kew York. In this photo
graph, samples of Spauldite laminates
are being mounted on the inner door of
the test chamber, whose temperature
and relative humidity can be held pre
cisely at a desired value or varied accord
ing to a predetermined time schedule.

The samples are 4" x 4" x thickness
(usually 1/16" to 1/8") with sprayed
conductive-silver-paint electrodes in the
ASTM "Bullseye" pattern. They are

being tested for volume resistivity and
surface resistance, which is usually
measured at the end of 96 hours' expo
sure to 90% relative humidity at 35C.
Contact is made to the silver paint elec
trodes by means of spring brass wire
fingers, gold plated to give low contact
resistance and freedom from corrosion.
The contact fingers are silver SOldered
to the center terminal of the General
Radio TYPE 874-PB Coaxial Panel
Connectors.

By means of shielded patch cords,
each sample can be connected in turn to
equipment capable of measuring resist
ances as great as 5 x 10" ohms. At these
values of resistance, shielding becomes
very critical. Values obtained on a new
glass fabric base epoxy laminate, used
in critical military printed circuits, are
on the order of 477,000,000 megohms/
em. volume resistivity and 5,700,000
megohms surface resistance.

General Radio Company
12
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GR'S NEW BOLTON PLANT
Early in February, about 150 General

Radio employees will shift their daily
operations about 10 miles west of Con
cord, to our new plant in Bolton, .fiIIass.
Thus begins a new and significant phase
in the growth of General Radio.

Less than six years have passed
since GR "went suburban," moving
from Cambridge to its new 300,000
square-foot headquarters in West Con
cord. Only a few years after this move,
a laO-acre tract in nearby Bolton was
purchased in preparation for the next
major Company expansion.

The decision to divert expansion to
a new site rather than to continue
building on our 88-aere Concord prop
erty was based on several factors. Main
taining the "small company" famili
arity long enj oyed by our employees
would become more difficult as the
Concord plant population grew. Traffic,
too, would become a problem. It was
therefore de('ided that the working force
at Concord should be limited to 1000.
As the number of employees at Concord
passed 900 a year ago, construction
began on a building in Bolton.

The new plant will be set up autono
mously on a product basis, design
ing and manufacturing microwave and
signal-generating equipment. There
fore, in the future, all OR coaxial con-

nectors and componen ts, slotted lines,
coaxial bridges, Unit Oscillators, and
signal generators will be made at the
Bolton plant, which is specially
equipped with the high-precision pro
duction machinery required in the man
ufacture of such items.

The long-term plans for Bolton in
clude a plant about the same size as
our present plant at Concord and in
the same multiple-tee configuration.
The building just completed is the first
tee, and the design of this 80,000
square-foot unit provides for the even
tual expansion to over three times its
present size.

The Bolton site is on State Route
1J7, less than two miles east of the in
tersection with Interstate Route 495,
now under construction. The plant site
is partly wooded, with a stream
dammed to form a small pond. Bolton
is a small, rural community of 1200, on
the eastern edge of\Vorcester county,
and about 20 miles west of Route 128.

Engineering Manager of the Bolton
plant is Robert A. Soderman, well
known in the electronics industry for
his work on standards and on coaxial
measuring devices. Philip \Y'. Powers,
formerly Assistant to the Vice Presi
dent for IVlanufacturing, becomes lVlan
ufacturing Manager at Bolton.

3
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THE
PRECISE MEASUREMENT
OF
SMALL DIMENSIONS
BY A
CAPACITANCE BRIDGE

+0.02

-0.01

ECC(MIL$},
w.,

ADIA(MILS)
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One of the advantages of being a
manufacturer of precision measuring in
struments is the chance to apply one
precision device to the design and pro
duction of another. An example is the
use of our TYPE 1615-A Precision
(0.01 %) Capacitance Bridge to measure
dimensions of parts of our TYPE DOO
Precision Coaxial Connector to within
a few millionths of an inch.

The principle of measuring distance
by measuring capacitance is based on
the relation between the capacitance of
an air capacitor and the spacing be
tween its electrodes. In the applica
tion described here, a rod is posi tioned
in a hollow cylinder with a fixed spacing
between the rod and the inside wall of
the cylinder. The rod and the cylinder
form the electrodes of a capacitor.
Since the hollow cylinder is a special
jig whose dimensions are accurately
known, the spacing is governed essen
tially by the diameter of the rod.

Figure 1.

-0.02

Figure 2. Capacitance deviation vs eccentricity
of rod.

The capacitance, C, per unit length
of a coaxial air capacitor is as follows:

1.4140 fl· h
C ~ [ (b-a)2 - (,b)' ] p IllC

eosh-' 1 + ~ b_a

where the dimensions a, b, and f are as
defined in Figure l.

The resolution of the capacitance
distance measurement technique is in
creased at least a hundredfold if the
bridge is used to compare two capaci
tances rather than to measure the un
known capacitance directly in terms of
an internal standard. Therefore, in the
actual measurement, a standard rod is
first inserted as a reference, the un
known is then substituted, and the
difference between the capacitances is
measured. 'The bridge null detector,
calibrated to indicate the deviation of
unknown from standard directly, can
readily indicate deviations as small as
one millionth of an inch.

Of course, a deviation in capacitance
could be due to eccentricity of the II un
known" rod as well as to a difference
in its average diameter. Therefore, in
the graph (Figure 2) showing the rela-



tion between capacitance deviation and
distance deviation, a curve is added to
show the equivalent effect of eccen
trici ty. As the curvc shows, onc can
center the rod in the jig by adjusting
the rod for minimum capacitance.

For the high precision required, it is
necessary to eliminate the effccts of the
leads from the bridge to the unknown.
Thus the jig is connected as a three
terminal capacitor, and is measured as
such by the TyPIC IGI5-A Bridge.

The absolute accuracy of this meas
uremcnt depends on the accuracy of the
standard rod. Rods with tolerances as

FEBRUARV, 1964 ~

small as ±lO microinches arc commer
cially available. The sensitivity of ea
pacitancc to changes in distance is in
versely proportional to the spacing be
tween rod and jig. Decreasing this spac
ing will add leverage to the relation, in
the direction of increased precision. As
the spacing is reduced, however, the
linearity of the capacitance-distance
relation is sacrificed. The optimum
spacing therefore represents a compro
mise between sensitivity and linearity.

- A. E. SAKDERSON

-F. VAN VEEK

NEW, MEGOHM, WIRE-WOUND RESISTORS
AND DECADES

Figure 1. Type 1432-2 Decade Resistor (rear).
Type 51 O-H Decade Resistance Unit (leI' loregrolmd'.
Type SOO-Y Resistor (righ' loreground'.

The dc\-elopment of a new, fine-wire
I-megohm resistor has made it pos
sihle to extend to higher resistances
the range of our series of separately
boxed, fixed resistors (TyPE 500), our
decade-resistance units (TVPE 510), and
our multiple-decade-resistance boxes
(TYPE 1432).

Separate 2-megohm, 5-megohm, and
lO-megohm fixed units are now avail
able that use the appropriate number
of the new resistors in series. The
decades use ten units to give a total of
10 megohms in I-megohm steps.

Like other GR resistors of 500 ohms
and higher, these new units are single-

5
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layer wound on a thin, card-type form.
This type of resistor has lower induc
tance and capacitance than does a
spool-wound resistor and, therefore, has
much better ac properties. High-valued
resistors of this type must use very fine
wire if they arc to be wound on a form
of reasonable size. Recently developed

winding techniques have made practical
the use of O.5-mil Evanohm wire, which
makes possible one-megohm units that
arc only slightly larger in size than those
of lower resistance values. It is easy to
imagine the difficulties of winding wire
of this size when one realizes that it is
about ~ the diameter of human hair!

J
Figure 2. Dimensions
Ruistgnce Unit.

of Type 510 Decgde- Figure 3. Dimensions of Type 500 Resistor.

SPECIFICATIONS

TYPE 500 RESISTORS

Type DC ReS1'stance

Dimensions: See sketch.
Ne' Weight: 2 ounces (60 grams).
Shipping Weight: S ounces (230 grams).

ltfa.r, Current Accuracy Code Number Price

SOO-Y
SOO-Z
500-ZI

2 megohm$
5 megohm$

10 megohms

1.1 me
0.7 me

0.5 ma

0.025%
0.025%
0.025%

0500-9725
0500-9726
0500-9504

$28.00
62.00
95.00

TYPE SlO-H
DECADE-RESISTANCE UNIT

Dimensions: See sketch.
Net Weight: 11 ounces (310 grams).
Shipping Weighl: 2 pounds (1.0 kg).

DC Resistance
Per Step Tolal Accuracy* !lfax Current Code .-""Tumber

1 megohm 10 megohms 0.025% 0.7 ma 0510·9708 $98.00

* Each of the 10 resistors in each decadc is adjusted to be accurate at its terminals within the tolerance givcn. Hc
sistallce incremcnts arc accurate to this samc tolcrance.

Net Weight: Type 1432-Y"'"'"'7" 6 pounds, 5 ounces
(2.0 kg); Type 1-132-Z -7 pounds, S ounces
(3.4 kg).

Shipping Weighl: Type 1432- Y - 7 pounds
(3.2 kg); Type 1432-Z - \) pounds (4.1 kg).

1\"0. of Type 510
Dial.,; Decades Used Code N IlInber PriceTotalType

TYPE 1432 DECADE RESISTOR
Dimensions: Width 4~ inchf's (1 JO mm),
height 4% inche~ (120 mm); length, 15% inches
(400 mm) for Type 1-l-32-Y and 18~ inches
(470 mm) for Type 1432-Z.

Resistance
Pcr Step

1432- y
1432-Z

11,111,000 ohms
11,111,100 ohms

100 ohms
10ohm$

5
6

0, E, F, G, H
C, 0, E, F, G, H

1432-9725
1432-9726

$229.00
262.00

6



FEBRUARY, '964 ~

TYPE 1216-A
UNIT I-F AMPLIFIER
(NUll. DETECTOR)

Figure 1. Block
diggram of the
measurement
system, showing
bridge, pulsed
bias supply, and
oscilloscope.

MEASUREMENTS ON POWER TRANSISTORS
WITH THE TRANSFER-FUNCTION BRIDGE

The measurement of the impedances
and other characteristics of transistors
at very-high and ultra-high frequencies
can be carried out under normal operat
ing conditions with the TvPI' J607-A
Transfer-Function and Immittance
Bridge. vVith some power transistors,
however, the heat to be dissipated
creates a problem, because it is not
always convenient to provide a heat
sink for the transistor while it is being
measured.

At our suggestion, a number of users
of the bridge solved the problem by
pulsing the bias supply to thc transis
tor, permitting higher power levels to
be used without excessive heating. (See
Figure 1.)

Pulsing prevents the use of the meter
indication of null balance on the TYPE
1216-A Unit I-F Amplifier, because of
the two different impedance states,

bias-off and bias-on. Therefore, an
oscilloscope, connected to the video
output terminals of the i-f amplifier,
is used as the null indicator, and the
null is adj usted at the bias-on port.ion
of the pulse.

Figure 2 shows a pulsed bias supply
as used by Clark Division, ~ational

Semiconductor Corporation. Similar
circuits have been used by other man
ufacturers.

Transistors in t.he double-ended stud
package, 1'0-3, or 1'0-8 package, for
example, can be measured by use of this
pulse tcchnique.\Ve have recommended
that a General Radio Type 1607-P201
triode tube mount be modified t.o ac
cept these larger packages. In the ver
sion used by Clark, a .Jettron model
74-026 socket was fitted into the tube
mount after the tube socket. was re
moved. The emitter lead was grounded

BIAS CONNECTIONS
TO BRIDGE

470K470K3.9K

-~-~-~r---,~, 4-I -•+24 V : L-----t-----
I ~

I ~

II MERCURY RELAY

0.6

Figure 2. Schematic of a
pulsed bias supply.

7
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with a copper strap. The base and col
lector leads were brough t over to the
normal connections within the coaxial
lines. A Ferroxcube choke coil (#VK
200 1O/3B) was also connected between
the base lead and the feedthru capaeitor
supplied in the mounL This allowed
the connection of a O.5-J,tf capacitor
across the external bias connections on
the mount to stop low-frequency os
cillations, which may occur at certain
settings of the bridge. In addition, the
leads from the emitter-base supply were

h.. ! I I IVu '60V, I.' 100...

,2001.11
150+

1\+,
OHMS-INPUT

\~M'RESISTANCE

I

0 '0 40 60 '0 '00

OHIM~~PUT RESISTANCE

0
,

0

h••
I

0 V<:b~60\( I. =100_,
0

0

1\20(I'.4C
\150Mt

0

I~OOMC
0

\
0

1\70Me
0

-,

-"

-4

-6

-,
-'0

l';OTE: We are indebted to S. \\'. Daskam
l\hnagcr, Applications Division, Kational Semi
condllctur Corporation, ClILrk Division, for
much of the information ill this article.

-Editor

kept as short as possible in order to
prevent parasitic oscillations.

Typical results for the Clark 100
series transistors arc shown in Figures
3 and 4_

Figure 4.

64o

-,

8

Figure 3.

View of the recently remodeled plant of In9. S. and Dr. Guido Belatti at Piazza
Trento 8, Milan, Italy. The firm of Belotti have been soles representatives for
General Radio produr::ts in Italy since 1930. Inset shows Dr. Guido Belotti.

General Radio Company
8
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Opening /I'[arch 21 at thc Coliseum, New York - the elec
tronics industry's largest and oldest show. Simultaneously, at the
Hilton Hotel, other electrical apparatus will be on display.

General Radio will be at the Coliseum as usual. As in past
years, the Gil booth will be on the third floor, directly opposite
the escalator. This will be the thirtieth year that General Radio
has exhibited its warcs at this show, having participated in every
scheduled annual rill-; exhibit since the first one was held in 1930.
~ot surprisingly, surveys ha\'c shown that the primary at

traction for most engineers is the third-floor exhibit of instru
ments and test equipment. ::\Ieasurement and test are basic to
both science and industry, and each year's show brings new tools
to aid the busy engineer.

FIVE NEW FOR '64

GR will show four brand-new instruments, plus onc not seen
previously at this show: A frequency synthesizer, a tone-burst
generator, a standard-frequency oscillator, a megohm bridge,
and an electric-wave analyzer. These new devices are supple
mented by many recently announced products, most of which
,vou have read about in the Experiment.er, plus others fl~om General
Radio's extensive line of over 900 cataloged items. All are de
scribed briefly on the following pages. Complete descriptions of
the new instruments will appear soon in the Experimenter.

So, come to the greatest electronics show on earth, and be sure
to drop in at Booths 3201 to 3208 for a closer look at G R's new
and up-to-date instruments. Our development and sales engineers
"'ill be on hand to hclp you.

3
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COHERENT DECADE FREQUENCY SYNTHESIZERS

TYPE 1161-A and TYPE 1162-A

The new General Radio frequency
synthesizers combine the simplieity and
resettability of step adjustment with
the convenience of search and compari
son provided by continuous adj llstment.

The TYPE 1162-A Coherent Decade
Frequency Synthesizer supplies known
frequencies from 0 to 1 Me in step in
crements as small as 0.1 cps and in
cludes also a continuously adj ustable
decade that can be switched in bcyond
the smallest discrete step or at any
point in the digit series. The TYPE
1161-A is nearly identical, except that
its maximum frequency is 100 kc and its
smallest discrete step is 0.01 cps.

Heart of each of the new synthesizers
is a set of seven identical plug-in mod
ules, called D1 (for digit-inscrtion)
units, operating from a built-in 5-lVIe,
room-temperature, crystal oscillator.
For maximum accuracy, this oscillator
can be phase locked to an external fre
quency standard operating at 5 lYrc or
any submultiple thcreof, such as the
TYPE 1115-B Standard-Frequency Os
cillator.

The continuously adjustable decade
(CAD) develops a frequency whose
major portion (some 90%) is derived
from the crystal oscillator. The remain
der is produced by a stable, free-run
ning oscillator. The resultant fre
quency can be quickly standardized by
comparison with the output of the Dr
units.

Operation of the synthesizers is sim
ple and straightforward. The seven

4

rotary switches on the DI units are set
so that the desired frequency is indi
cated by the rear-lit, in-line dials.
Comma and decimal point are included
in the read-out. To replace any digit,
and thosc following it, by the CAD, one
simply pushes a button below that
decade. Only those digits that are in
circuit are illuminated. When used to
supplement thc frcqucncy determined
by the digital setting, the CAD can,
theoretically, be set to a resolution of
better than 0.0001 cps in the TYPE
1162-A and 0.0000 I in the TYPE 116l-A.
Practically, of course, the usable reso
lution is determined by the oscillator·
stability and the time interval of inter
est.

Output voltage, indicated by a front
panel meter, is adjustable up to 2
volts into 50 ohms. Both ac and dc out
put coupling means arc providcd. The
panel meter is also used to indicate
phase-lock to an external standard and
as a zero-beat indicator to calibrate
the CAD against any selected serics of
frequency digits set on the Dr dials.

The frequency of the CAD can also
be varicd by an externally introduced
voltage for sweeping, fm modulation, or
phase-locking to external signals. The
external-control input is dc eouplcd.
Frequeney markers can be derived from
the calibration circuitry. The output
frcquency is readily applied to auto
matic recording of the frequency re
sponse of networks and the frequency
drift of oscillators.

• SEE THEM AT THE IEEE SHOW • • • • SEE THEM AT THE IEEE SHOW • •



In addition to the main output of the
synthesizer, several other useful out
puts are provided: 100 ke, 1 Me, 5 Me,
42 Me, 50 IVlc, 5.0-5.1 Me, 50-51 1\1c,
and 18 volts de.

Eaeh synthesizer is available com
plete with all seven DI units (A-models)
or in a stripped-down version (A3C
models) with only the first three digits

''''ov."ey l!'~ I
.~'.. '''''1; ~_~l:'" .I.-.....-..... _,_......... .J

MARCH 1964 ~

installed. Other digi ts ean be added to
the latter when desired. The continu
ously adjustable decade is included in
each version, so that 6-figure resolution
can be achieved in the stripped-down
models. You may buy only as many
digits as you need.

Small and compact (5y';-inch rack
panel), each synthesizer includes a
power supply for line operation. Bat
tery operation is also possible, \vith a
single battery supplying 22 to 28 volts.

Type Aiax .r Digits Price*

1162-A 1 Me 7 ]~

1162-A3C 1 Me 3 ~ §.&
1161-A 100 kc 7 .£ ~ ~
1161 -A3C 100 kc 3 0 C

*YOU Will BE PLEASANTlY SURPRISED.

TYPE 1115-B STANDARD-FREQUENCY OSCILLATOR

This new crystal oscillator combines
high stability with the physical rugged
ness necessary to withstand vibration
and shock. It uses a 5-1\/1c, 5th-overtone
crystal in an all-solid-state circuit of
silicon transistors. Both erystal and
circuit are held at constant tempera
ture by a proportionally controlled
oven. Fiberglas-epoxy etched circuits,
cased transformers, and 1\1il grade elec
trolytic capacitors make the unit ac
ceptable ·for many military and govern
ment applications.

Sine- wave output is available at 5
Me, 1 IVIc, and 100 kc, each 1 volt into
50 ohms.

Power supply is 90-J30/180-260
volts at 40 to 1000 cps or 24 to 35 volts

de. A nickel-cadmium battery is floated
across the internal dc supply. In the
event of power failure, the battery will
operate the standard up to 35 hours.

• Stability: Frequency variations with
load or voltage are of the order of 1 or
2 parts in JOli. Temperature effects are
less than 1 x IO-u per degree C.

o Spectral Purity: Line width at the
2000th harmonic (10 Gc) is 0.25 cps.

o Aging: Less than 5 in 10" per day
after 30 days; less than 1 in 10" is
typical after one year.

Price: $2050.00

5
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measurements with a graphic level re
corder that are not possible with most
analyzers.

The features of a large, mirror-backed
meter, in-line frequency readout, ex-

~ GENERAL RADIO EXPERIMENTER

TYPE 1900-A WAVE ANALYZER
T'his new heterodyne-type wave analyzer has many features

that recommend it to the modern electronics laboratory, among
them:

o Wide frequency range - 20 to 54,000 cps.
o Three bandwidths - 3, 10, and 50 cps.
o Two recorder outputs - de and 100 kc.
o SO-db dynamic range for 100-kc output.
• Input impedance of OilC megohm for all ranges.
• Self-contained voltage-calibrating system.
030 microvolts to 300 volts, full-scale.
• Three meter speeds for ,easier noise analysis.
• Linear frequency scale for optimum tuning characteristics over
full range.
• A 3-position function switch selects any OilC of three modes of
operation:

NORMAL - The filtered input component is available at the
output jack.

AFC - Same as NOR1\fAL, but with afc added to hold analyzer
in tunc despite small drifts in frequency.

'I'RACKIJ'..'G GEl':ERATOR - The output is a sine wave, tunable
over the 54-kc range and always in tune with the analyzer. Thus,
the analyzer can be used as both generator and detector, simul
taneously .

.Four quartz crystals are used in
the 100-kc i-f filter to achieve the
desired selectivity.

The SO-db dynamic range of the
100-kc output makes possible many

6
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eellent frequency settability, high fre
quency stability, and a quick calibra
tion test make the analyzer excep
tionally easy to usc.

The TYPE 1900-A Wave Analyzer
will be described in an carly issue of the
Experimenter. It is available in bench
or relay-rack mount and, assembled
with the TYPE 1521 Graphic Level Re
corder, as the TYPE 191O-A Recording
\Vave Analyzer.

Price: $2150.00

TYPE 1396-A
TONE-BURST
GENERATOR

The TONF~-BunsT GENERATOR is a
unique instrument, which, when fed
from an external oscillator, generates
pulses, or bursts, of the input fre
quency. It is useful for testing the
time response of ac circuits and for
simulating the pulsed ac signals com
monly llsed in audio and ultrasonic
equipment, such as sonar.

In addition to its many applications
in the direct measurement of sonar
transducers and amplifiers, it has been
used as a generator for bridge measure
ments where high peak power is needed
but average power must be kept within
the dissipation capabilities of the bridge
arms. Other important applications are
in the measurement of loudspeaker
transients and of room acoustics.

The input-signal frequency range is
de to 500 ke. The number of cycles in

the burst and the time interval be
tween bursts are adj ustable by front
pancl controls. Burst duration (open
gate) and closed-gate intervals can be
2,4,8, lu, 32, u4 and 128 cycles 01'],3,
7, L>, :31, G:J and 127 eycles. Closed
gate intervals can also be set from one
millisecond to 10 seconds in one-period
increments. Open and closed intervals
are independent.

The output burst is coherent, Le.,
both the starting and ending phase of
the burst is invariant from pulse to
pulse. The starting and ending phase
is adjustable by front-panel eontrols
over a range of 0 to :J60°. A descrip
tion will appear in an early issue of the
Experimenter.

Price: $490.00

7
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TYPE 1644-A MEGOHM BRIDGE

8

This new megohm bridge, which re
places the venerable TyPE 544, has
many new features that will recom
mend it to those ,,,,ho measure high
resistance, insulation resistance, volume
resistivity, and capacitor leakage:
• Ten decade ranges to measure resist
ance values from 1000 ohms to 1000
teraohms (103 to 101' ohms).
• 1% accuracy to 1013 ohms.
• D.R dial with ±!)% range for measure
ment of small differences to a.1 %
can be used for matchinl; l'csistors and
for voltage-coefficient measurements.
• Self-checking circuits allow quick
intcrcomparison of all internal resist
ance standards against those of lowest
value, which are GR precision wire
wound units. Adjustable trimmers arc
provided for the three highest-value
resistance standards to keep them in
agreement with the morc stable lower
value standards.
• High-sensitivity null detector with
clectromcter-tube input provides excel
lent resolution.

• Seven test voltagcs from 10 volts
to 1000 volts in 1-2-5 steps. For any
intermediate values, one simply plugs
an external resistor into panel binding
posts.
• Ratio arms of bridge circuit have
100:1 ratio, so voltage across unknown
varies less than 1% as balance control
is turned over its full range (versus
10% in TypE 544-B).
• Highly regulated power supply "nd
quick charging and discharging circuits
are provided for leakage measurements
on capacitors.
• Guarded for two- and three-terminal
measurements on grounded or un
grounded unknowns located either at
bridge terminals or at considerable
distances with connection through
shielded cables.
• Flip-Tilt case provides both portabil
ity and optimum viewing angle.

Price: $625.00

• SEE THEM AT THE IEEE SHOW • • • • SEE THEM AT THE IEEE SHOW -. •
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TYPE 1564-A
Sound and Vibration Analyzer
Continuously variable, 2,f> cps to 2.5 kc
in four decade ranges; ~-octave and
>lo-octave band pass. Can be driven by
TYPE ] [)21 Graphic Level Recorder
for au tumatic recording of sound and
vibration spcdra. See Experimenter,
September-October, 1963.

TYPE 1862-C Megohmmeter
Direct-reading to 2.000,000 megohms
at a test voltage of 500 volts and to
200,000 megohms at 100 volts. For
rapid measurements of resistors and in
sulation resistance. Sec Experimenter,
July, 1963.

9
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TYPE 900 Precision Coaxial Connectors
and Elements

Low '·S\\,R « 1.002 to 1 Gc, < 1.0l to 9
GeL low lo~~. low leakage. Precision-built
for standardization and other exacting re
quirements. See Experimenter, Februar.y
:\Iarch and :\ovember, 196:3.

TYPE 874 Coaxial Elements
General Radio's well kno\\"n line of connec
tors, fittings, attenuators, terminations,
filters, lines, and line stretchers, with adap
tors to most other commonly used types.

TYPE 1640-A Slotted Line Recorder System
A precision slotted line, TYPE 900-LEA,
with a modified TYPE \.)21 Graphic Le,·eJ
Recorder for the automatic plotting of
YSWR on 4-inch chart paper. Sensiti,·ity
can be srt to correspond to full-scale \'alues
of '·S,,·n. from 1.008 to 1.20. See Experi
menter, ::'\ovcmbcr, 19G:3 for a description
of the slotted line. The complete system
will be described in an early isslLe.

TYPE 938-G, -H, -J Binding Posts
Binding-post body ancl stud arc cop pOl' to minimize thermal
emf to copper wire. Copper parts arc gold plated to maintain
low and ('onstant connC'('tion resistance. Tops, either metal
or insulated, have double-hexagon (l2·point) shape for easy
fingcr tightening and to fit common 12-point socket and box
wrenches.

TYPE 1615-A
Capacitance Bridge
~rcasurcs 2-tcrminal and 3
terminal capacitance from 10-17 to
JO-' farads (10 attofarads to 1
microfarad) with a resolution of
I in 10' and an accuracy of 0.0 I %
over most of the range'; also
measlIres loss as either dissipation
faetol' or conductanee. SeC' Experi
menter, August-September, J002.

10
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COUNTERS
The 11('\\", impro\"{'d TYPE 11.,)O-B Dlc
1'1'.\ I. FHEQl:EXCY :\[ ETI::R (10 eps to
~OO kc) and the TypIC 11.;I-A DIG

IT.\L ']'nn: .\:\D Fnt:QcEXCY :\IETER

(dc to ~OO ke), supplemented by the

TYPE II:!(;-.\ DIGIT.\L-TO-.\",,"OG Cox
YERTEI{ and the ·rYl) ....; 11:31-:\ D.\T.\

PHIXTEH. Sec Experimenter, April,
J9G2, Junc, 19G:,. and December,
196:3.

TYPE 1025-A
Standard
Sweep-Frequency
Generator
A standard-signal generator with
swC'pt-frcqucl1(,y or cw output
aceuratcly known output voltage;
marker calibrated and adj ustable
in [rcfluency and amplitude; 0.7
to 2:~O .:\Ic in ten bands, plus two
bandsprcad ranges. See Experi
menter, January 19G3.

TYPE 1308-A Audio Oscillator and Power Amplifier

A 20 cps-to-20 ke generator for
frequency changing and for meas
urements at high power 10\"cI5.
Full·seale output ranges of ~.

12.5. ~O. 12.;, ~OO \'olls, rms;
O,,), I.G, .J ampC'I'(':;; in any com
bination up to 200 ,-u. Sec Ex
perimenter, .January 1!J(i·l.

11
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TYPE 1806-A
Electronic Voltmeter
..-\ peak-rcsponding instrument accurate
to 2'0 of indication (not full scale) usa
ble up to U,OO :'Ic (±2 db). Ae. de, and
ohms scales; voltage scale is logarith
mic. Probc is new design, with acces
sory tips. ground clips, etc. Available
in Flip-Tilt case 01' on relay-rack panel.
See Experimenter, July 1963.

TYPE 1608-A
Impedance Bridge
A precision H-L-C-G bridge with
0.1 % accuracy, digital readout,
automatic decimal-point location,
and illuminated indication of the
units of measurement. Internal
oscillator and detector for l-kc
operation; modules for other fre
quencies can bc supplicd. See
j;xperimenter for :'larch, 1962.

VARIAC®
adjustable autotransformers
The first practical device of this kind
was origina ted by General Radio in
19:;:;. Constant improvement in design
and manufacture ensures continuance
of the reliable performance that is char
acteristic of the VAHIAC brand.

General Radio Company
12
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Figure 1. Panel view of the Type 1900-A Wave Analyzer.

NEW WAVE ANALYZER HAS

3 BANDWIDTHS, BO-DB DYNAMIC RANGE

The new TYPE lDOO-A Wave Ana
lyzer, shO\vn in Figure 1, is one of the
most versatile measuring instruments
ever devised.

In its primary function as an electric
wave analyzer or seleetive voltmeter
over the range from 20 to ,:''>-!-,OOO cps,

it provides three different bandwidths
- 3, 10, and ,)0 cps - and a wide
sensitivity range to cover a variety of
spectrum-analysis requirements.

Its three meter speeds, together with
the three bandwidths, make it excep
tionally useful for noise analysis.

2
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Figure 2. Block diagram of the analyzer.

The linear frequency seale, the three
bandwidths, and a bigh-Ievel, 80-db
dynamic-range output make the com
bination of a TyPE 1.521 Graphic Level
Recorder and TYPE 19oo-A Wave An
alyzer a recording analyzer of out
standing usefulness. Another output
for lise with I-rna de recorders is also
included.

'rho analyzer also functions as a
tunable filter, and it has a generator
output that tracks the tuning of the
analyzer, thus providing both a power
source and a tuned-voltmeter detector
for network measurements.

The additional features of a large,
mirror-backed meter, in-line frequency
readout, precise frequency settability,
excellent frequency stability, a con
stant one-megohm input impedance,
automatic frequency control, and a
quick calibration test make the ana
lyzer cas,v to use.

DESCRIPTION

General

The TYPE 1900-A Wave Analyzer is a
heterodyne type of analyzer. As can
be seen from the block diagram, Figure

2, the main filter is a loo-ke quartz
crystal filter. Any frequency in the
range from 20 to 5-1,000 cps can be
heterodyned with the local oscillator,
which is tunable from 100 to 1.5-1 kc,
to produce a 100-ke difference fre
quency, which is applied to the filter.
The amplified output of the filter drives
a metering circuit and supplies a vol
tage for recording.

This basic analyzing system IS ar
ranged to include the features neces
sary for a wide variety of measurement
applications; these important features
will be described in relation to typical
applications.

INPUT CIRCUIT

The input control for the instru
ment is a constant-input-impedance,
I-megohm attenuator. A 5-1-kc low
pass filter in the input amplifier re
duces the response to signals beyond
the operating frequency range of the
instrument. This filtering is essential
to minimize responses at the 100-kc
filter frequeney and at image frequen
cies. These responses could otherwise
lead to serious errors, particularly in
the measurement of wide-band noise.

3
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Figure 3 (right). Filter ch~racteristics for the three bandwidths (3, 10, and SO cps) as plolted automatically
on the Type 1521 Graphic Level Recorder. (I.ft) Photo of troce on storage oscilloscope. showing detoil
of 3-cyde and lO-cycie bonds: Frequency source was a Type 1162_A Coherent Decode Frequency Syn-

theslz:er. Markers ore 1 cps. Vertical scole is linear.
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LOCAL OSCILLATOR

1,/. 1\, ClaIm. "FreQllellCY Stable LC Oscillators,"
Procecdin()s o/the JHE, August, 1954.

increment control that is useful over
the entire tuning range of the oseillator.
This control covers the range of ± 100
cps with respect to the setting of the
main frequency-control dial. The cycles
increment control is particularly help
ful when the 3-cycle bandwidtb is used
in the measurement of components that
are closely spaced in frequency, as for
example, low-frequency side-band com
ponents about a carrier. It is also useful
as a vernieradjustmcntduring recording.

QUARTZ-CRYSTAL FILTER

The use of four low-temperature
coefficient quartz crystals has made pos
sible the development of a filter that
can be switched to three different band
widths and which has excellent charac
teristics O\'er a relatively wide range
of ambient temperatures. The band
widths selected are 3, 10, and 50 cps,
which are adequate for almost any
analysis problem. Typical I response
characteristics are shown in .Figure 3.

The importance of being able to
seleet anyone of three bandwidths is
easily demonstrated by some simple
examples. If the components in the
spectrum to be measured are only JO



cps apart, the selectivity of the 3
cycle ha nd wid th is essen tial; the 10
and 50-cycle handwidths would not
adequately separate the components.
If the components are spaced farther
apart, the broader bandwidths should
ordinarily be used, because any fre
quency instability of the incoming sig
nal is then less troublesome. For ex
ample, in a measurement of the dis
tortion of a tape recorder, the flutter
may make the pointer of the analyzer
meter fluctuate violently as an attempt
is made to tUIlC in the component in a
narrow band, and no satisfactory meas
urement is possible. But the 50-cycle
bandwidth will tolerate the fluctuations
encountered in any good tape recorder,
and the measurement is easy.

'l'ime saving is another important
advantage of the wider bandwidths.

Figure 4. View of the Type 1910-A Recording
Wove Analyzer, consisting of the Type 1900-A
Wave Anolyt:er and the Type 1521 Graphic Level

Recorder.

APRIL "., ~

The speed with which a given frequency
range can be swept varies in the limit
as the square of the fiIter band\\'idth.
Thus, if the 50-cycle bandwidth pro
vides adequate resolution, the effective
response speed over a given frequency
range can be as much as 2':} times as
fast as it is for the to-cycle bandwidth.
This increased speed can be very im
portant in recording, but it is also both
useful and apparent when the analyzer
is tuned by hand. For noise signals,
the differences in time required for
analysis by the different bandwidths
are even marc significant. This point
is discussed further in thc section on
noise analysis.

VOlTAGE CALIBRATION

A Yoltage from the po\\'er line is
clipped and compensated to pro\'ide a
component at the fundamental power
line frequency whose amplitude is es
sentially constant ovcr a wide range of
input voltage and ambient temperature.
This fundamental component is used
as the reference calibrating signal, so
that the sensitivity of the instrument
can be easily checked at any time, The
calibrating signal is always at the
power-line frequency so that it can be
located without difficulty.

OUTPUTS FOR RECORDING

The new analyzer has a number of
outputs, two of which are specifically
providcd for recording purposes. The
most important is the 100-kc filtered
and-amplified signal for driving the
TYPE 1521 Graphic Level Recorder,
This output has an SO-db dynamic
range and enough power so that the
full capabilities of the recorder can be
utilized, and the recorder and the
analyzer, shown in Figure 4, make a
remarkably useful combination, which

5
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is available as tbe TYPE j910-A Record
ing \"ave Analyzer.

Dynamic Range

The 80 db or more of dynamie range
in the filtered output is obtained for
signals of 0.3 volt or higher. The term
"dynamic range" is used here to signify
the linear range from maximum output
to the noise level without readjustment
of the controls. This range in many
other instruments is significantly less
than the analysis range onc obtains
by resetting the attenuator that con
trols the meter reading. In this analyzer
the two arc similar, since the meter
attenuator covers a 70-db range, which
comhines with a 20-db range of the
meter to give a gO-db analysis range.

Writing Speed and Bandwidth

When the output of the analyzer is
recorded, much detailed information
about the spectrum of a signal can be
obtained automatically. The detail that
can be obtained is illustrated by the
charts reproduced in Figure 5. In onc
instance morc than 3400 components
of a particular signal were recorded,
and each of the components was clearly
defined.

Such a recorded analysis can proceed
with little attention after it is once set
up. But it often pays to consider care
fully how the analysis should be done,
because the time required varies greatly
with the bandwidth and with the re
corder characteristics. When a periodic

~"£QU£NCV 'N KC ....£QUl ..CV 'N KC

Figure S. Plots of pulse waveforms mode on the recording analyzer: (a, above) 100.~sec pulse at l·kc
repetition rate. Pulse was amplitude modulated from Y4 to full amplitude by a 200-cycle, non-coherent
sine wove. (b, below) 20-~sec pulse at an average repetition rate of 200 cps. The pulse was position

modulated at a 2S-cycle rate.
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Figure 6. Charts of modulation noise on CI l-kc tone for two different types of magnetic tape. Note that
one is about 10 db better than the other. Such meC:J1;uremenl can be made easily with the recording
analyzer, owing to the 80-db dynamic range. For these records, chart speed weJ$ 2.5 inches per minute;

writing speed, 10 inches per second; bandwidth, 10 cps.

signal is analyzed, the recorder's fastest
writing speed should be used to speed up
the recording. Its fast writing speed
makes the TYPE 1521 Graphic Level
Recorder particularly useful.

The widest bandwidth that provides
adequate selectivity should also be
used, since the inherent response time
of the filter is inversely proportional
to the band wid tho Here the three band
widths make possible a near-optimum
choice for most analyses. The time re
quired to analyzc ovcr a 25-kc range
is approximately 2 minutes, 20 minutes,
and 2 hours for the 50~, 10- and 3-cycle
bandwidths, respectively.

linear Scale

The recorded display from the TYPE
1900-A Wave Analyzer is linear in fre
quency. This linear display has the
important advantage that harmonic
components of a periodic signal are uni
formly spaced, so that the harmonic
relations are obvious. If the signal is
more complex, for example, a modu
lated carrier or other combinations of
signals, where there are componen t
frequencies that are sums and differ
ences of other component frequencies,

such relations are also readily apparent
on a linear frequency scale.

DC Output

The second output for recording is
in series with the indicating meter so
that a simple, I-rna dc recorder can be
used. This arrangement provides a con
venient method of recording, but the
recording is seriously limited in speed
and in dynamic range, compared to the
one made from the 100-kc output.

NOISE ANALYSIS

Meter Speed

The new analyzer is well suited for
the analysis of noise. The slow meter
response is one essential feature, and
the choice of bandwidths and the linear
frequency scale simplify many nOise
analyses.

Three different meter speeds are
provided. The fastest time constant
is essentially that of the meter alone,
about ~t second. This speed is always
used for measurement of components
of periodic signals. The slowest time
constant provided is about 5 seconds,
and this and the intermediate value are
used for noise measuremen ts. The im-

7
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Figure 7. Chari of analyzer meter curren' (de output) as a function of time for random noise, with SO.cyde
bondwidth, as recorded with FAST, MEDIUM, and SlOW meter switch setting5.

8

portance of these slower responses for
noise measurement can be readily ap
preciated when the problems associated
with noise analysis arc reviewed.

The indicated meter reading pro
duced by an applied random-noise
signal, whether it is electrically gen
erated noise or acoustic noise trans
formed by a microphone into an elec
trical signal, fluctuates considerably.
These fluctuations reflect the irregu
larities in the process of noise produc
tion. In fact, all signals contain some
random-noise energy, and many con
tain enough so that the indication is
not at all steady.

The charts of Figure 7 show graphi
cally the behayior of the pointer of the
indicating instrument as a function of
time when samples of the same ran
dom noise were measured with the 50
cycle bandwidth and the three different
meter speeds. It is clear that the a,·er
age \'alue is essentially the same for
each sample, but the fluctuations are
markedly greater for the faster meter
speeds than for the slow one, and these
differeq,ces are inherent in the nature
of the measurement. It is ob,·iously
much casier to obtain a good estimate
of thc average value with thc slow metcr
speed. The charts illustrate also that
a maximum or minimum reading for a

noise signal has little significance. The
extent of the fluctuations does have
some significance, however, with regard
to the statistical estimate of the confi
dence to be gi ven to the selected average
value.'l·3

Bandwidth

If the narrower bandwidths are used)
the fluctuations are even greater, and
only the s]ow·er meter speeds can be
used to obtain a satisfactory a\-erage
value. A relatively simple principle
applies here. The narrow bands are
used to get fineness of detail. The
finer the detail that is desired, the
more time is needed to obtain the re
sult to a certain degree of confidence.
'I'he a\-eraging time required is essen
tially inversely proportional to the
bandwidth.

If the analyzer is swept through a
range of frequencies in order to ob
serve the spectrum, it is nccpssary to
stay in each bandwidth along the fre
quency span long enough to get a satis
factory measurement, 'J'his factor com
bines with the averaging time to make
the required total s\\-eep time inversely
proportional to the square of the band-
2 R. B. Blackman and J. W. Tukey, The Jfeallurt:menl
of I~OU:f'" Sppc/ra. DO\'ec New York, 19.:>8.
3 n. P. Rona. "Instrumentation for Ilnndolll Vibration
:\llalysis," JlP 7-27 to 7-30 in Random I'ibration, cdiu.'I1
by S. If. Cnmdo.ll, Technology Press, Cambridge :\lassa
ehusetts, 19;}8.



width, again pointing up the importance
of having three bandwidths available.
If only the detail of the "O-eyele band
width is needed, a relatively short time
for the analysis suffices. If the detail
of the narrower bands is necessary, the
required time is correspondingly longer,
and a fast scan is useless or, even
worse, misleading.

Lnless these aspects of noise analysis
are understood, one ean easily be led
into using an analyzer that is entirely
unsuitable to the problem, using an
analyzer incorrectly, accepting data
that are misleading, or m'en rejecting
useful data.

Spectral Density

In order to compare measurements of
random noise made with different band
widths, it is customary to convert the
measured value to an equivalent one
for a band,,-idth of one cycle per second.
This equivalent value is often called the
spectral density. The conversion for a
measurement made on the wave ana
lyzer is simple, because it is independent
of the center frequency and depends
only upon the particular bandwidth
used.

AUTOMATIC FREQUENCY CONTROL

In one mode of operation of the ana
lyzer, the local-oscillator frequency is
controlled by the filtered signal by
means of a quartz-crystal discriminator
and reactance diodes. \\'hen a com
ponent has been tuned in, it can be
locked by means of this automatic fre
quency control to stay within thc pass
band of the analyzer ,)Ver a wider fre
quency range than the normal pass
band. The characteristics of the control
circuit, ho,,"ever, limit the rate at which
the frequency can change without drop
ping out of lock to a relatively slow one,

APRIL "6' ~

and the control circuit is not effective
for a noise signal. Thus, whenever pos
sible, it is preferable to use the "O-eycle
bandwidth rather than automatic fre
quency control. If a component is to be
observed for a long time and might
drift beyond the 50-cycle pass band, the
afc is useful in compensating for such a
drift.

TUNABLE FilTER

The analyzer also functions as a
tunable, selective filter and amplifier.
This type of operation is achieved by a
second heterodyne operation in which
the amplified and filtered signal at 100
ke is beat ,,-ith the local oscillator to
restore the filtered component to its
original frequency. The tunable filter
has the excellent selectivity character
istics of the particular bandwidth
chosen, and the output amplitude is
proportional to the component ampli
tude.

The applications for this mode of
operation arc generally those for a
highly selective filter, for example, sepa
rating out an individual component of a
complex signal for study. The study
may consist of an accurate determina
tion of the component frequency stabil
ity by means of a digital frequency
meter (counter), or it may simply be
determining the cxistence of a particular
component in the midst of interfering
componpnts.

If a signal from the TYPE 1390 Ran
dom-:\oise Generator is applied to the
input of the analyzer, the output will
be a narrow band of noise. 'fhe center
frequency of this noise can be set by
means of the analyzer frcquency con
trol. When this type of noise is made
audible by means of a loudspeaker, it
can be used for acoustical transmission

9
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Figure 8. Chart of 0- to 20~kc output of Type 1390 Rondom-Noise Generator as recorded with SO-cycle
bandwidth.

tests, for reverberation measurements,
and for some psychoacoustical tests.

TRACKING GENERATOR

In one mode of operation the local
oscillator voltage is heterodyned with
a 100-kc crystal-oscillator voltage to
produce a beat signal whose frequency
is always the same as that to which the
analyzer is tuned. As the local oscillator
is tuned from 100 to 154 kc, the fre
quency of the beat signal varies from
zero to 54 kc. This beat signal is ampli
fied to provide a maximum of at least 2
volts across 600 ohms. This output can
be used to drive a network, amplifier,
tape recorder, impedance bridge, or
other system to be tested. The output
of the device to be tested can then be
measured by the analyzer, and the ana
lyzer will stay in tune to the funda
mental component as its frequency is
varied. In this way the effects of hum,
distortion, and noise are essentially
eliminated from the measurement.

"Vhen an accurately known signal
must be applied to the device under
test, the output from the generator is
sufficient to drive a Typl'': 546-C Audio
Frequency :Microvolter. Alternatively,
the wave analyzer can measure its own
output but, of course, not at the same

10

time as it measures the output of the
device under test.

The 100-kc output for driving the
TYPE 1521 Graphic Level Recorder can
be used at the same time that the track
ing-generator output is used. Thus, the
response characteristic of a device can
be plotted automatically with the wave
analyzer supplying the signal, the de
tector, and the output for recording.

SUMMARY

The TYPE 1900-A Wave Analyzer,
with its three highly selective filter
bandwidths covering the frequency
range from 20 to 54,000 cps, its high
sensitivity, its high and constant input
impedance, its three meter speeds for
noise analysis, its linear frequency
scale, its tunable filter, its tracking
generator, and its afc, provides a new
degree of versatility in measuring in
struments that will make it one of the
most widely used analyzers in elec
tronics.

- ARNOLD PE'l'ERSO~
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TYPE 191O-A RECORDING WAVE ANALYZER

The Recording Wave Analyzer consists of the following items:

Type 1000-A Wave Analyzer
Type 1,i21 Graphic Level Recorder
Type l,i21-PIOB Dri"e Unit
Type JOOO-PI Link Unit
10 Rolls Type Li21-04G4 Chart Paper
JaRolls Type l.i21-04G,i Chart Paper
Type Li21-P;, SO-db Potentiometer*

Buth bench and rack models are
available. The benth model is shipped
completely assembled. The rack model
is supplied with supports for installa
tion in a standard 10-ineh rack.

•.-\ ..tQ.-db potentiometer is installed in the recorder. The
SO-db unit is supplied in addition.

SPECI FICATIONS
TYPE 1900-A WAVE ANALYZER

FREQUENCY

Range: 20 to 5.l.000 cps. The frr'quelle.\' is indi
eated Oil a counter and a dial with a linear
graduatioll, 1 division/10 cps.

Accuracy of Calibration: ± 01%+5 cps) up to
50 ke; ± 1% beyond 50 kc.

Incremental-Frequency Dial (.6.F): ± 100 cps.
Accurac} is ± 2 cps beluw 2 kc, ±5 clls up to
50 kc.

Automatic Frequency Control: At freqllencies be
low 10 kc, total range of frequency loek is -100
cps for the 50-cyde band and 150 ("ps for the
lO-eycle band, as defined b.y ;3-dh drop in re
sponse frum full-scale deflection. At 50 kc, the
luek ranges decrease to une-half these values.

SELECTIVITY: Three bandwidths (;~, 10, and 50
cps) seleeted by switch.

3-Cycle Band: At lcast 30 db down at ±() cps
frum center t"requeney, at least (i0 db down at,
± 15 cps, at least SO db duwn at ±25 cps and
beyund.
lO'-Cycle Band: At least;)O db down at ±20 cps,
at least, GO db down at ±-15 eps, at least. SO db
duwn at ±SO eps and beyond.
SO-Cycle Band: At, least ;W db down at ±lOO
cps, at least GO db duwn at, ±250 cps, at least
80 db duwn at ±500 cps and bey(.IrHl.

EfTecLive bandwidth for noise equal to nom
inal bandwidth within ±IO% for 10- and 50
cyde bands and ±20% for 3-cyde hand.

INPUT

Impedance: One megohm on all ranges.

Voltage Range: 30 rnierovolts to 300 volts full
scale in ;), 10 series. A decibel scale is also
provided.

Voltage Accuracy: After calibration bv internal
soun~e, the aceuracy up to 50 ke is" ±(:1% of
indicated value + 2% of full seale) except for
the effects of internal noise when the at.tenuator
knob is in the maximum-sensitivity position.

In that pORif,ion the internal noise is ahont ,'l%
of full scale for the ;~- and IO-en'le bands and
10% of full seale for the 50-(".\"("le h:llld. From
50 to 5-1- ke, the abU\'e ;;% error beeolll('s W/o.

OUTPUT

100-kc Output: A.mplitude is proportional to
amplitude of sele('ted component in :Illal.\·zpr
input sigllal. \\"ith the TYPE 1521 Graphic
Level Hecorder cOllllPcted through the adapt.or
cable supplied, at full-scale Illeter def1(,(·t.,ion
output is at least :-\ vults. Dynamic rang;(: from
overload puint tn intcrnalnuise is >SO db with
attenuator knob fully cluckwise.

Recording Analyzer: The anal.Y~er in eombina
tion with the TYl'k; 1521 Gmphie Level He
corder produces continuuus, convenient records
of frequency speet.ra over the complete rang;e
of the analy%er. The end frames uf the bench
models can bc bulted tugether to form a rigid
assembly.

DC Output: One milliampere in 1500 ohms for
full-scale meter deflection, one side grounded.

Filtered Input Component: Output at least 1 volt
across GOO-ohm load for full-S('ale meter de
flectiun with output control at maximulIl.

Tracking Generator: 20 eps tu 5·1 kc; output is
at least 2 volts aeross GOO-ohm load wit.h out
put cuntrol at maximum.

GENERAL

Residual Modulation Products and Hum: At, least
75 db down.
Terminals: .Input, TYPE D:~S Binding Pu:;ts;
Olltput, telephone jacks.
Power Requirements: 105 to 125 (or 210 to 250)
volts, 50 to tiO cps, approximatdy -10 watts.
Accessories Supplied: TYPE 15UO-PH;) Ad,qltor
Cable Assembly, pholle plug, TYl'B CA1'-22
Power Cord, spare fuses.
Other Accessories Available: Tyl']o~ InOO-PI Lillk
Unit fur coupling to TYPf; /521 Graphic Level
Hecorder. -

11
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5 P E C I F I CAT ION 5 (Coni)

Cabinet: Hack-bench.
Dimensions: BCIl{'h modcl- width 19, height
16~, depth 15 1

4 inches (-185 by -115 by 390
mill), over-a.Il: rack modcl- panel 19 by 15:1_1
inches (-185 b.... 100 mm), depth behind pane'l
13Ji inches (:~,IO mm).
Net Weight: 56 pounds (26 kg).
Shipping Weight: 8-1 pounds (39 kg).

Type

TYPE 1910-A RECORDING WAVE ANALYZER

Dimensions: Bench model- width 19, height
25 1{, depth 15Y,f inches (485 hy 6-15 by 390
mm), over-all: rack model- width 19, height
2-1h (-185 by 625 mm), depth behind panel,
13 1.1 inches (3-10 mm).
Net Weight: 116 pounds (53 kg).
Shipping Weight: 190 pounds (87 kg).

Price

1900-AM
1900.AR
1910-AM

1910-AR

1910-AMQl

1910-ARQl

1521-9464
1521·9465

Wave Analyzer, Bench Model
Wove Anolyzer. Rack Model
Recording Wave Analyzer, Bench Model

(for 60-cycle supply)
Recording Wave Analyzer, Rock Model

(for 60'cycle supply)
Recording Wove Analyzer, Bench Model

(for 50-cycle supplyl
Recording Wave Anolyzer, Rock Model

(for 50-cycle supply)
Chari Paper, 0---10 kc. 100-foot roll
Chart Poper, 0-50 kc, lOO-foot roll

$2150.00
2150.00
3500.00

3500.00

3500.00

3500.00

2.75
2.75

USEFUL FORMULAS, TABLES, AND CURVES
FOR RANDOM NOISE

L nder the above ti tie we have pre
pared a 6-page publieation listing ·rela
tionships and data that arc commonly
used jn working with random noise. It
will be found particularly useful by

those who dcal with noise phenomena
only occasionally and necd a handy
refercncc to refresh their memories.
Free on rcqucst; ask for publication
IN-103.

CORRECTION

Several cagle-eyed readers have
pointed out that the schematie of a
pulsed bias supply for use ill transistor
measurements (gxpcrimcntC1", Febru
ary, 1964, page 7) shows that the bias
source is shorted when the relay oper
ates. This is quile truc, but, as used by

Clark Divisioll, Kational Semiconduc
tor Corporation, who devised the cir
cuit, the shorting does no harm since
they usc a constant-current bias supply,
rather than a hattery.

We apologize to our puzzled readers
for omitting this fact.
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SWIEEECO
This ancient Apache rallying cry stands for Southwestern IEEE

Conference and Show, now in its 16th year. General Radio ,,·ill be
there, in booths 301-302-303. On display will be the ne,,· instruments
shown at IEEE - :\ew York and described briefly in the larch issue
of the Experimenter. General Radio engineers will be on hand to wel
come you and to demonstratc the new equipment.

Dallas Memorial Auditorium April 22-24, 1964

General Radio Company
WEST CONCORD, MASSACHUSETTS, U.S.A.
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\f\ A GENERATOR OF AC TRANSIENTS

Tone-burst waveforms are useful
signals in many di vcrse fields of elec
tronics, such as psychoacoustic instru
mentation, generation of controlled
periodic line transients, and synthe
sis of the time II ticks" on standard
time radio transmissions. At General
Radio, tone bursts ha\"c becn used in
routine tests of filters and ac meters
as well as for such unusual purposes as
the alignment and test of an instrument
for instantaneous frequency analysis of
the high-frequency sound emissions of
bats.

These waveforms also have many
applications in the test and calibration
of sonar transducers and Rtnplifiers and
in the measurement of loudspeaker dis
tortion and response to transient excita
tion. Still other uses are found in the
measurement of room acoustics, auto
matic-gain-control circuits, and ae meter
response.

Tone-Burst Generation

A tone burst can be generated by a
pulse generator, a sinusoidal signal

VOLUME 38 NUMBER 5

source, and a switch or gate, which, on
command from the pulse generator,
either passes or blocks the passage of
signal from the source. The switching
deyice may be a relay, a motor-dri"en
contactor, a photoresistor-light source
combination, a transistor, or a diode
bridge. Such a combination generally
requires some design and fabrication of
components by the assembler and may
often be less than satisfactory in con
Yenience, reliability, size, cost, and per
formance. Performance requirements,
in particular, are sometimes more de
manding than can be satisfied by a
simple tirning system, especially in
regard to coherence.

Coherence

A coherent tone-hurst signal is one
in which each hurst starts at the same
point in the signal being gated or
switched, and each burst ends at the
same point in the signal cycle. For ex
ample, each tone hurst might start at
the positive-slope zero crossing of the
sinusoidal signal, continue for two full
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INPUT

GATED
SIGNAl
OUTPUT

Figure 1. Elementcny block diagram of the Type
1396-A Tone-BunIGenef'otor.

cycles, and end at a positive-slope zero
crossing. It is obvious that the spacing
between bursts must be an exact whole
number of signal periods (cycles) in
order to maintain coherence. This leads
to the conclusion that, to be coherent, a
tone burst must be produced from a
single autonomous signal. A switch ac
tuated by two independent timers (one
controlling the on time, and the other
the off time) cannot in practice produce
a coherent burst, since the on and off
times must be exact multiples of one
period of the gated signal, which is a
nearly impossible stability requirement.
To produce a coherent burst, the gating
signals must be locked to the desired
subharmonics of the gated signal.

The influence of coherence on per
formance is demonstrated by analysis
of the frequency components in a tone
burst, whieh consist of the fundamental
and harmonics of the repetition rate of
the tone burst. The expression for am
plitude of these harmonics is given in
the appendix, below. As an example,
Figures 8 and 9 show the amplitude of
the first thirty-one harmonics of tone
bursts of one cycle on, one cycle off, and
of eight cycles on and eight cycles off,

respectively. The figures show the spec
tra for two gating phases of each tone
burst. In one case switching occurs at
zero crossings, and in the other case
switching is at the peak value of the
signal. The spectrum varies smoothly
between the limits shown as a function
of gating phase. The examples indicate
clearly that the frequency content of a
tone burst depends upon the number of
cycles in the burst, the spacing between
bursts, and upon the gating phase of the
burst. The effects of phase are signifi
cant for shorter bursts at short spacings.
Therefore, to produce a tone burst with
defined characteristics, tight control of
phase as well as cycle content is neces
sary.

For example, consider the case of a
burst of exactly eight cycles width,. but
of uncontrolled phase. The result is that
each pulse has constant energy, but the
way in which this energy is distributed
in the frequency spectrum is not con
trolled. Unless the tone burst is used in
an extremely ,vide-band system the
observed system reSpOl.lSeS will be in
accurate and not reproducible.

THE TONE-BURST GENERATOR

The TYPE 1396-A Tone-Burst Gen
erator provides an instrumentation
bridge for the gap between continuous
wave testing and step-function, or pulse,
testing. A digital method of controlling
gating action allows the production of
signals that easily meet the require
ments of tight control of frequency
content and phase. Figure 1 is a block
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Figure 2. View of the Type 1396-A Tone-Bur5t Generator.

II

diagram. Instead of using the common
system of timers to establish the ofr
and on times, ,,'ith n. complex locking
system to maintain a coherent output,
this instrument uses a biliary scaler to
establish the number of cycles in the
burst and betwcen bursts and a simple
trigger system to control the phasing.
The binary scaler essentially di,'ides the
input freftuency to the desired sub
harmonic freftuency for gating. A sim
ple reset system allows the same scaler
chain to be used for both olT and on
intervals. The usc of binary circuits has
resulted in an econolTlical, rugged, and
compact instrument, \yhich is ftuite
simple to operate, drift free, and re
quires no routine maintenance.

The F:ettings of the ('ontrol:-; (Figure 2)
determine the number of ('.\"('Ie:-; for
which the gate \"ill be open and, indC'
pendcntly, the numbcr of cyclcs for
which the gate will he closed, The "hoi('e
oITered here by the binary sr~tler i::; 2,

4, 8, 16, 32, 64, or 128 cycles. Another
control allows the scalers to be started
at one instead of zel'O, which changes the
choice of eye' Ie counts to 1,3,7, J5, 31,
63, or 127. The scaler::; then control a
simple transistor gate, whith operates
on the externally applied periodic input
signal to prod uce tone bursts.

:\dditional features of the Tone-Bur"t
Generator are a switch that holds the
gate open for preliminary alignment
of external equipment (if necef:::iary);
trigger controls, which all 0\\' complete
control of the phase of the gate and
input signal; the ability to u~e ::-.eparate
input signab for tho gatc timing and
gated :--ignal ... ; and a timed rnodc for
extremely long periods between bUI'::;tx,
In the timed modo, the e!o;-,cd gate in
ten'al is set by a ol1e-milli:;;;econd-to
ten-sccond timcr, and all internal gate
system maintains eoh(,I"('I1('o of ~atcd

and gating signal. The 1imer ('irnlit
operates a::; a lorked o.··i('illator and i~

3
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used for very long intervals where exact
cycle count is not required for accuracy.
Although sinusoidal input signals are
assumed in most of the applications
listed below, the instrument will func
tion on any periodic waveforms. If
pulses are applied to the TYPE 1396-A,
it performs as a word generator, or fre
quency divider.

APPLICATIONS

The wide range of applications of the
TYPE 1396-A Tone-Burst Generator is
due to the nature of tone-burst signals,
which span the two fields of continuous
wave testing and of pulse or step
function testing.

Electro-Acoustical Transducers

One common application for tone
bursts is the testing of transducers in an
ambient not free of echoes. The tone
burst test techniques can be used to
separate direct and reflected signals and
to eliminate standing-wave effects. Ex
amples of this arc the testing of sonar
transducers in a tank that produces
reflections and of speakers or micro
phones in a chamber that produces

echoes. With continuous-wave testing,
errors in frequency and phase curves
can result from the addition of reflected
signals to the direct response. Such er
rors introduce familiar standing-wave
patterns in the response curves.

With a tone-burst test signal ener
gizing the transducer, one can separate
the direct response and the reflected
response by observing the response
as a function of time. As an example,
two one-inch~iameter speakers were
mounted in one end of an eight-foot
tube with the opposite end closed. Fig
ures 3a and 3b are the voltage wave
rorms observed across one speaker
when the other is driven with tone
bursts of 2.95 kc and 3.0 kc, respec
tively. Note the large pulse at the left,
which is the direct transmission from
one speaker to the otber. Its constant
amplitude indicates that the frequency
response is the same at both frequen
cies. The middle and right-hand pulses
are the first and second reflections from
the far cnd of the tube.

Figures 4a and 4b are the voltage
waveforms observed across the same

Figures 3a H.ft) and 3b (right). Waveforms received by one of two transducers mounted in the end of
o closed tube, when the other tronsducer is driven by a tone bunt of (0) 2.95 kc. and (b) 3.0 kc. From
left 'a right, the pulses ore the direct response, the first reflection from the tube end, ond the second
reflection from 'he lube end. Notice 'he consistency in amplitude of the direct pulse ot the twa frequencies;

compare with Figures 40 and 4b.

4



speaker when the other was driven,
again, with a signal of 2.95 kc and 3.0
kc, but with the gate of the Tone-Burst
Generator held open to produce contin
uous waves. Xote that the reflection
phenomena now cause large differences
(3: I) in the response of the system at
the two frequencies. It would be diffi
cult to determine the true speaker re
sponse from the continuous-wave data.

Self-Reciprocity Transducer Calibration

A transducer can be calibrated 111

t.erms of its response to its own echo
when the transducer to be tested and a
rigid reflecting surface are placed in an
otherwise anechoic space.' The Tone
Burst Generator is a convenient source
of excitation signal for such a system.

Sonar transducers have been cali
brated by a self-reciprocity system with
tone-burst excitation of a bridge con
taining the transducer as the un
known.:! From two impedance measure
ments it is possible to calibrate the
transducer. A further advantage of
tone-burst excitation for the bridge is
that high peak power can be applied
without danger of exceeding the dissi
pation limits of the bridge arms.

MAY 1964

Amplifier Testing

'Tone-burst signals are nearly ideal
waveforms for tests of amplifier per
formance. In sonar circuitry they are
used to measure amplifier pulse-enve
lope distortion, and rise and fall times.

Music Power Tests

Peak-power tests of amplifiers may
use tone-burs t signals to avoid over
loads on the power supplies, with conse
quent shift in bias points, a'nd also to
avoid excessive power dissipation. Mu
sic power (peak) output tests of power
amplifiers for consumer use require a
brief tone burst to be applied and its
amplitude increased until 5% distortion
is observed.3 Distortion can be de
tected by observation of the amplifier
output waveform if the distortion level
is sharply defined. \Vhen an accurate
distortion measurement is desired, a
dual-channel or differential-input oscil
loscope can be used, and the amplifier
input subtracted from the output to
leave only the distortion products.

I Leo L. Beranek. Acouslics, McGraw Hill, 1954, pg 382
IT.
t Gerald A, Sabin. "Tran!ldueer CalibratiOIl by Impedance
Measurcments,'" Journal of Ihe Acou,stical Socielll of
Am<lrica, Vol 28, No.4. pI) 705-710, July 1956.

3 EfA Standard, RS-tS4-A, l'\'o\'ember 1963. "Power
Olltlmt Ratings of Packafl:ed "udio Equipment for Home
Use.'" Eleetronic Industries A8&OCiation, II West 42nd
Street, New York 36, New York (I ,25).

Figurn 40 (lelt) and 4b (righl). Waveforms produced in 'h. same manner as those in Figure 3, except
that the driving signal is a continuous one of (0) 2.95 kc. and (b) 3.0 kc. Th. VGriGtion of amplitude

indicates the presence of stGnding waves, which obscure the transducer's frequency churGeteridic.

5
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Measurement of Room Acoustics

Figure 50. Example of a simple rectifying circuit
tested with a tone burst.

",-aveform. If square or rectangular
wa veforms are applied to the instru
ment, it call generate pulse words at a
hit rate determined by the gate settings.
Such words are useful in test.ing digital
equipment. For testing binary devices
the 1\IIKUS ONE setting of the CYCLE

COU~TS switch is useful, since it permits
tcsting with words containing an odd
number of bits.

'Theodore J. Schultz. "Problems in the l\'!ellSllrement of
Heverberation Time." Journal of the Audio Enoinurino
Socidy. October, W63. . .
5 Theodore .I. Schultz and B. G. Watters. "PropagatIOn
of Sound Across Audience Seating." JOUr/wi of the Acou8
tical Society of America, Vol 36 No.5, :\Iay, 1£l6-t.

Filter Testing

The response of a bandpass filter to a
suddenly applied signal ill its pass band
is a common measurcment.

This type of signal cannot be simu
lated by the usual cw generator, and
ordinary pulse waveforms will produce
ringing, which is difficult to analyze.
With the Tone-Burst Generator, thc
envelope of the transient can be ob
served and measured.

C
330nlI

R
10 K,(l

SMALL-SIGNAL
SILICON DIODE

Testing of low-Speed Digital Equipment

The TYPE 1396-A Tone-Burst Gen
erator can operate on any periodic

Figure 5b (above), Open-circuit voltage waveform
of Tone-Burst Generator output (32 cycles of 1O-kc
signal per burst), Scales eire 2 volts per major
division vertically and 2 msec per mojor division

horizontolly.

Figure 5c (rig"'). Woveform of capocitor voltage
when the voltage waveform of Figure Sb is opplied
to the circuit of Figure 50. Scales ore the some

as in Figure Sb.

The reflections produced in a concert
hall are determining factors in the
acoustical quality of the space. fn a test
system, a sound sourcc, which may be a
pistol shot or a speaker sy::;tem, is Oil the
stagc . .A ITlicl'ophone, placed in the seat
ing area, drivc~ the necessary analyzing
equipment. Comparisons of pistol-shot
and continuous-wavc excitation of a hall
have shown significant differences in
determining revcrberation time, a cardi
nal acoustiral property.4 Such tlif-Ter
enees indicate that the duration of the
pxeitillg ::lignaI is important, and, there
fol'c, that a tone burst of controlled
propertics is dcsirable.

An ex('cllent discussion of the re
spOJl:-:ie of four COIH'ert halls (La Grande
Salle, \fontreal; Clowes Hall, Indianap
olis; Symphony Hall, Boston; and Phil
harmonic Hall, New York City) to tonc
burst tests i::; given hy Schultz and
Vi/atters.s

6
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Figure 60 (below). Test system for meosuring
defledion VI time f.r on oc meter.

Figure 6b (righ,). Deflection as a function of time
for on oc meter ellCcited by Q tone burst.
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loudspeaker Distortion Measurements

Distortion measurements can be
made with tone-hurst excitation of
speakers. 6,7 A gated microphone is
used to respond to the signal produced
by the ,peakeI' eftcr the tone burst has
been cut off. This "hango\-er Jl is a
meu:;ure of the distortion of the speaker.
Such :=:ystems are capable of using sweep
techniques and being at least semi
automated.

Testing of Rectifying-Type Circuits

Delector and othcl' rcctifying circuits
Icnd thern~elves dil'cC't\y to tone-burst
te~tiJlg. The redification efficicney and
time ('onstant~ of such circuits can be
te:;(<"d easily with tone-burst excitation.
For example, C'on:;:ider the \\'avcfol'ms
of Figures 5b and 5(', whieh were taken
from the simple rectificr circuit of
Figure Sa.

AC Meter Ballistics

TOile-burst response tests for charac
teristics such as rise time, fall timc, and
ovcrshoot, arc frequently required for
I'cctifyi ng meters, particularly VU me
ters. Figure 6a shows a test system for
measuring the meter deflection as a
function of tirne. 8 The frequency at
which the test is performed must be low

enough so that the rneter can reach full
scale in 128 cycles. The tone bursts
consist of 128 cycles of test frequency,
and their spacing is adjusted so that the
meter returns to rcst at zero after each
burst. The TYPE 1217-B (;nit Pulse Gen
erator acts as a delay circuit. Its nega
tive output pulse starts as the Tone
Burst Generator's gate opens, and the
pulse ends at a time determined by the
settings of the PUI~Sg DUHATIOX con
tl'ob. The end of this pulse initiates a
microsecond flash of the S'I'ROBOTAC@

electronic stroboscope. The PULSE DU

nATION controls set the ti me between
the energizing of the meter and the
flashing of the bright-light source. The
ambient light should be controlled to
permit accurate observation of deflec
tion when the flash occurs, and to allow
the scale to be seen between flashes.

Figure 6b is a plot of deflection V8

time for an ac meter when energized
by a burst of 128 cydes of 40-cycle sig
nal. The rise time from 10% to 90% of
full scale is 0.5 second, and the over
shoot is 6%, which corresponds to a
• M. C. Kidd "Tone-Burst Cenero.tor Checks A_F Trall
siellt.B," Electronics, Vol 25, ]\'0,7, pp 132-135, ,Iuly 1052.
1 1\1. J. Whittemore, "Transistoriroed Tone Burst System
for Transient Response TC8ting of Loudspeakers." Journal
QI Audin Elloinuri1l(J Society, Vol 10, Nu. :( pp 200-203,
July 1002.
I This system is patterned after a similar system for de
meters, a description of which apl>eared in the Jll.nuary
February 1902 issue of the Ex~imefll".
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POWER BOOST LOAD
CM::A:::'NS=-H -'T-"R=jANSFOR·CM-"E"R:- _

Figure 7. Tone-burs' system for
generating power-line kan15ienh.

TYPE 1308·A
AUDIO OSCILLATOR AHO

POI'l'ER AMPLifiER

AMP OUTPUT,.

8

meter cutoff frequency of apprOXI
mately 0.9 cps.

High-Power Transients

Tone-burst testing allows the average
signal power to be kept arbitrarily low,
although the pulse, 01' burst, power level
may be very high. This low-duty mtio
condition may be necessary if the de
vlce under test has nonlinearities (i.e.,
the test properties depend on power
level) and if the test equipment cannot
operate continuously at the desired
signal or power levels.

The Geneml Radio TYPE 1308-A
Audio Oscillator and Power Amplifier
can be combined with the TYPE 1396-A
Tone-Burst Generator to produce au
dio-frequency tone bursts whose power
content may be as high as 200 watts.
The Tone-Burst Generator can be used
to drive the power amplifier portion of
the TYPE 1308-A. For higher frequen
cies, the TYPE 1233-A Power Amplifier,
which delivers up to 15 watts, can be
used.

Generation of line Transients

A method of producing controlled
transients in a power-line signal is
shown in Figure 7. The step-down trans
former isolates the instruments from
line voltage and drops the voltage to
the proper mnge for operation of the
instruments (one-half volt, rms). The
boost transformer may be omitted if the

total load current is less than 5 amperes
rlTIS.

Others

In addition to those briefly outlined
above, the Tone-Burst Generator has
many applications. As a calibrated
source of ac transients, it is invaluable
in evaluating the characteristics of
audio and supersonic devices.

- J. K SKILLlKG

APPENDIX

Frequency Content of Tone Bursts

Some applications may require a knowledge
of the frequency components of the tone burst.
For a sinusoidal signa.!, the burst voltage ean
be expressed as a Fourier series having only
sine or cosine terms as follows:

~ 1,in 1 [ 2.n< ]
e(t) ~ L..t"o co'\ (~+ :II) l'

n=l

e(t) = the tone-burst voltage.
an = the amplitude of the nth component.
n = harmonic number (I. 2, 3, 4, etc.).

. = number of cycles of signal in the burst
(OPEN count in the Tone-Bur!"t Generator).

l\l = number of cycles (periods) of signal
between bursts (CLOSE I) count in the Tone
Burst Generator).

'I' = the period of the signal being gated.
The sine series is u8('d if the signal is gated on

and off at zero crossings, and the eosine series
if gating is at the peak point of the sinusoidal
input voltage. The equation indicates that :l

tone burst is equivalent to a signal of amplitude
al at the repetition rate of the tone burst, plus
a signal of amplitude a2 at twice the repetitioll
rate (the second harmonic), pillS a signal of
amplitude a3 at three times the repetition fre-
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Figure 8. Amplitude of
the first 31 Fourier har_
monics of a one-cycle
on, one-cycle-off tone
burst. Switching at
zero crossings In
black; switching at

peak points in red.
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quency (the third harmonic), and so on, in
definitely. The a.mplitude of each component
in the above series is given by:

= E _N~_ [Sin x T sin YJ
U" N + 1\1 x Y

The two fractions in the bracketed expres
sion are subtracted if the input signal is gated
at zero crossings and added if gating is at the
peak. The table below gives the amplitudes
for values of n equal to 1, 2, 3, 4, and 5 with
both zero crossings and peak-point gating:

where:

(
n ) ~

x = 2~ N + M -1 2

y ~ 2N (_n_+1) ~
. N+ M 2

n Zero-crossing gating Peak-point gating

1 0.424 E 0.212 E
2 0.500 E 0.500 E
3 0.255 E 0.382 E
4 0 0
5 0.061 E 0.152 E

E = the amplitude of the signal being gated.
The values of Nand 1\1 are on the Tone

Burst generator controls. \Vhen x or y equals
zero, the two fractions involved assume in
determinate forms, but the proper value of the
fraction under these conditions is one.

As an example of the use of these equations,
consider a tone-burst signal having onc cycle
on and one cycle off (M = :--.l = 1). The ampli
tude equation is:

[

s;n (n -2)~ s;n (n + 2)~]
2 2

a" E -~~--= Of ~-----=

(n -2) ~ (a + 2) ~

Figure 8 is a plot of the first thirty-one har
monics of the above signal. Figure 9 shows, as
a second example, the first thirty-one harmonics
of an eight-eycle-on, eight-eyc1e-off tone burst.
The two curves were taken from an automatic
plot of the frequency spectrum produced by
using a General Radio Type 1900....A Wave
Analyzer and Type 1521 Graphic Level
Recorder. In the two examples the tone burst
had N = M, for which case the amplitudes
are zero for even values of n (except zero).
Therefore, when a tonc burst is "square",
i.e., has equal on and off time, there are no
even harmonics except the one that may be at
the input-signal frequency.
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Figure 9. Amplitude of
the first 31 Fourier har_
monics of an 8-cycle
on, 8-cycle-off tone
burst. Switching at
zero crossings in
black; switching at

peak points in red.
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SPECIFICATIONS

SIGNAL INPUT (signal ta be gated)

Frequency Range: de to 500 kc.
Maximum Voltage Level: ±7 volts (5 volts,
rms).
Input Impedance: Approximately 10 kilohms.
TIMING SIGNAL (signal thai controls gllte timing)

Frequency Range: de to 500 kc.
MlIximum Voltage Level: ± 10 volts.
Minimum Voltage Level: 1 volt, peak-to-peak.
Input Impedance: Approximately 7 kilohms.
Triggering: Slope selectable, trigger level ad·
justable from -7 to +7 volts.
GATE TIMING: Gate-open and -closed intervals
can be indepf'nJently set to 2, 4, 8, 16, 32, 64,
or 128 cycles (periods) of timillg signal. By
means of;l, ~IIN{;S O.'\E switch, illterval~ can bc
set to 1,3,7, 15,31,63, or 127 c.\·cles. Thc gate
dosed intervals can also be timed in in('r('ment~

of onc period of timing signal from 1 msec to
10 fiec. Fixed timing errors are less than 0.5
~see.

GATED SIGNAL OUTPUT

Gate-Open Output: l\Taximum signal level is
±7 volts. Total distortion is less than -60
db (compared to maximum level) at J kc and
10 ke.
Gate-Closed Output: Less than 1-10 millivolts,
peak-to-peak, (-40 db) with maximum signal
input.

Type

Pedestal Output (dc potential difference between
open· and closed-gate output): Can be !lUlled
from front panel. Less than 50-millivolt change
with line voltage.
Switching Transients: Less than l·JO millivolts,
peak-to-peak, (-40 db compared to maximum
signal input).
Output Impedance: 000 ohms.
GATING VOLTAGE OUTPUT (signal for triggering
oscilloscope): Rectangular waveform of approxi
mately + 12 volts at la-kilohm source when the
gate is closed and approximately -12 volts
at 20 kilohms when the gate is open.

GENERAL

Ambient Operating Temperature: 0 to 50 C (32
to 122 F).
Power Requirements: 105 to 125 (or 200 to 2-10,
or 210 to 250) volts, 50 to 60 cps, 15 watts, ap
proximately.
Accessories Supplied: Ty PE CAP-22 Power
Cord.
Accessories Required: External source for any
desired frequency range between 0 and 500 kc.
Cabinet: Bench type witb rubber feet. Front
feet are extendible to tilt cabinet.
Dimensions: \Yidth 8, height 5yg, depth 7}-2
inches (20.~ by 150 by 195 mm), over-all.
Net Weight: 6!.4 pounds (3 kg).
Shipping Weight: 10 pounds (-1.6 kg).

Price

1396-A Tone-Burst Generator

PRICE CHANGES

$490.00

Economies recently achieved In

manufacture have made possible sub
stantial price reductions in certain
models of our ']'YPE 500 Resistors,
TYPE 980 Decade Capacitor Units,

and TYPE 14]9 Polystyrene Decade
Capacitors.

Jncreased material costs have ne
cessitated pnee Increases In a few
items.

Type

10

soo-v
soo-w
SOO-X
980-8
980-C
980-0
1419-A

1419-8

874·QNP
1265-AM,

-AR
1630-AL
1630-AV

Resistor, 200,000 ohms
Resistor, 500,000 ohms
Resistor, 1 megohm
Decade Capacitor Unit, O.OI.}.lf steps
Decade Capacitor Unit, O.OOl-~f steps
Decade Capacitor Unit, O.OOOl-llf steps
Polystyrene Decade Capacitor, 1.110 ~f in steps

of 0.001 ~f

Polystyrene Decade Capacitor, 1.1110}'f in steps
of 0.0001 }If

Locking Adapter to Type N Jack
Adjustable DC Power Supply

Inductance-Measuring Assembly
Inductance-Measur.ing Assembly

Old Price New Price

$ 8.50 $ 7.50
17.00 11.00
27.00 16.00
56.00 45.00
57.00 45.00
57.00 50.00

205.00 180.00

262.00 230.00

5.00 5.50
875.00 1050.00

2440.00 2660.00
3230.00 3450.00
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LOW

DISTORTION

OSCILLATOR

"Te have received a number of in
quiries for the TYPE 1301-A Low-Dis
tortion Oscillator, and we are glad to
announce that this instrument is still
available from stock.

The Low-Distortion Oscillator pro
vides push-button selection of 27 fixed
frequencies between 20 and 15,000
cps. These are the recommended test

frequencies for audio distortion meas
urements in radio-broadcasting sta
tions.

This oscillator and the TYPE
1932-A Distortion and Noise Meter
comprise a system for the fast and
accurate measurement of distortion
and noise level in audio-frequency
circuits.

SPECIFICATIONS

FREQUENCY

Control: A frequency of 20, 25, 30, 40, 50, 60,
75,100, or 150 cps is selected by 8. push button.
Push-button multipliers of 1, 10, and 100 are
provided.

AccurClcy: +(1)-2% + 0.1 cps).

Stability: Frequency chanJ;es with line Yoltage
or output load are negligible. Drift is not
greater thltn 0.02% per hour after the first
10 minutes.

OUTPUT

Impedance: Selected by push button; 600 ohms,
balanced; 600 or 5000 ohms, grounded.

With balanced load, 6OO·ohm balanced out
put is balanced for all audio frequencies. The
5OOO-ohm output varies with potentiometer
setting between JOOO and 6000 ohms. Potenti
ometer also has slight effect on 600-ohm
grounded impedance.

Voltage (MClx): 30 volts, open circuit,; 6.6 yolts
with 6OO-ohm load constant with frequency
within ±I db.

Power: 18 miJliwatts into 600 ohms; 100 milli
watts into 5000 ohms.

DISTORTION AND NOISE lEVEL

Distortion: 5OOO·ohm output, not more than
0.1 %; 6OO-ohm output, not more than 0.1 %

Type

between 50 and 7500 cps, and not more than
0.25% below 50 cps.
AC Hum: )lot more than 0.05% of output
volt.age.

GENERAL

Terminals: Jack-top binding posts with standard
,%"-inch spacing, a ground terminal, and a.
standard Western Electric double output jack
on the' front panel; duplicate output terminals
on the rear of the instrument.
Power Input: 105 to 125 (or 210 to 250) volls,
25 to 60 cps, 45 watts. Specify line voltage and
frequency when ordering.

Operation from 4~ycle supply is possible
if line voltage is between 110 and 125 volta;
power-frequency hum is increased at 200- and
400-cycle output.
Accessories Supplied: TYPE CAP-22 Power
Cord, multipoint connector, TYPE 1301-201
Plug Assembly, spare fuses.
Mounting: Relay-rack panel. End frames are
available for table mounting. (See price table
below.)
Panel Finish: Standard General Radio gray
crackle.
Dimensions: Width 19, height 7, depth 137'2
inches (475 by ISO by 345 mm), over-all.
Net Weight: 31~ pounds (14.5 kg).
Shipping Weight: 35 pounds (16 kg).

Price

1301-A
FRI-412-2

Low_Distortion Oscillator
Aluminum End Fromes

$595.00
15.00 pair

1 I



figure 1.

AUTOMATIC
PLOTTING
OF
ANTENNA
PATTERNS

The TYI'E 1521-A Graphic Level Re
corder is shown here (Figure 1) at
Channel Master Corporatiolj plotting
automatically the dircctivity pattern
of a Super-Crossfire antenna. A Selsyn
transmitter is mounted on the shaft of
the motor that rotates the antenna. The
Selsyn receiver drives the recorder
through a chain and spur gear (to do
this, the gear shift on the recorder must
be in neutral, as shown). By choice of
gear ratio, the chart can be calibrated
in the desired number of degrees per

Figure 2 (below). TypicCiI antenna patlern at
83.25 Me.
Figure 3 (rig"')' View of the antenna with inset
showing detail of one element.

F

83.25 Me

division. A 40-db range on the vertical
scale is ordinarily used. The receiving
antenna is not visible in the photo
graph. The driving oscillator, which can
be partially seen just over the shoulder
of the operator, is a General Radio
Unit Oscillator, with thc TypE 1263
Amplitude-Hcgulating Powcr Supply to
ensure constant excitation level. Figure
2 shows a typical record plotted on this
equipment for the Channel Master
#3607 Super-Crossfire antenna of Fig
ure 3.

12 General Radio Company
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THE STABILITY OF STANDARD-FREQUENCY
OSCILLATORS

In the measurement of physical quan
tities, the demands of science, industry,
and the military are for constant im
provement in accuracy. Standards and
measuring devicc!S, as a result, must
meet ever tighter specifications. This
trend is well illustrated by Figure 1,
which shows the increase in accuracy of
tbe U. S. Frequency Standard over a
period of some 40 years.

Atomic frequency control, which is
used in the U. S. Frequency Standard,
provides both the best accuracy and the
best long-term stability. At present,
however, there is little indication that

it will replace the quartz-crystal os
cillator as a working standard. There
arc two reasons for this: Atomic fre
quency control devices - at least those
that have been available commercially
- not only have been very expensive
but bave demonstrated a serious lack of
reliability.

lONG-TERM STABILITY

rn the crystal oscillator, the long
term stability of the quartz crystal itself
has been the limiting factor. :'Iost
standard-frequency oscillators lise either
the 5-1\1c or the 2.5-1\lc fifth-overtone

1910196019~O19401930

" , . , ;.''''
" USFS & ITS

BROADCAST

~ •..
1. ~

'1"\'8 & ""VL
RECFI\'ED.

USF~
,

........~......

/' ~/ "' -C'·V AS
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~ EPHE"E~,~S~~E·~:~ I ::.
C Iz
~ QUARTZ CLOCK (UT·2)_1O

~ ~RTT CLOCK (UT~,l::...
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I
TUSED LC C1RCU1T_IO"

1920

Figure 1. AccurClcy trend of 'he U. S. Frequency StClndClrd.
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( I )

crystals' de"cloped by Bell Telephone
Laboratories. 'Their ultimate aging rates
are less than I in 1010 per day for the
5-1\lc unit and less than I in lOll per day
for the 2.,j-Mc. The choice between the
two frequencies is generally dictated by
cost and convenience. The 2.5-1\lc crys
tal is twice as large as the .5-"\£c and
much more expensive; in addition, for
campara-ble performance, it requires
better (dynamie) temperature control.

Dc\'clopment work on quartz crys
tals is continuing. and better units can
be expected in the future.' Present well
designed oscillator circuits do not con
tribute to long-term frequency drift
(aging) to any measurable extent, and
any improvement in the crystal char
acteristics will be directly reflected in
the Q\'er-all stability of the oscillator.

SHORT-TERM STABILITY

The short-term stability of a erystal
oscillator (defined here as the frequency
deviations for averaging times from 100
~sec to 10 sec) is, at the longer averaging
times, predominantly controllcd by
oscillator defects and, for very short
averaging times, approaches the limits
set by the thermal noise of the crystal.
Thermal Noise

It has been shown' that the equim
lent noise resistance of a quartz crystal
is the same as the effective series re
sistance and that the frcqucncy devia
tion due to this source can be cxpressed
as 6./ 211" !(x

f

where .. = averaging time.
fo = oscillator frequency.

!~',y = noise voltage.
Hs = signal voltage.

or, expressing I~'N and E's by

HN = V4kTBR
and

then

!:if = 2".V4k7'B (2)
f rf. P

1
and, with B = C/o,

!:if 2". /4kT
f = --; \jPQf, . (3)

where R = effective series resistance.
T = absolute temperature.
R = bandwidth of network.
P = quartz driving power.
k = Boltzmann's constant.
Q = storage factor of quartz.

Equation (3) indicates that:
l. The observed frequency deviation is
inversely proportional to the averaging
time .. If the measured deviation does
not follow this rule, the stability is
not determined by the crystal alone.
2. Increasing the crystal drive improves
the stability.
3. Increasing Q improves the stability.
1:\. "-. Warner. "lIill;h-Frequenc)' Crystal Uni,s for
Primary Fre<luellCY Standards:' l'routdin(J' of thfl I HE.
Vol 40. 1m 1030-1033, September 1952,
! A. "'. "'arner, "l'se or Parallel Field E:'lCitation in the
llesiJ.!:n of QUllrt7. Crystal Units," l'rOCflfldi'l(J' of thfl 17th
r17/J1ual Sympo,ium 011 f'rrquellcy COlltrol, 1968, pp 248
2(ju,
) E. Hafner, "Slllbilit.v of Crystal Oscillators." Procud·
ill(J' of the 14th A n/tual Symposium 011 Frflquency Control,
1960, pp 192-199.
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Figure 2. Theoretical and measured stability of a
crystal oscillator.

p ~ 0.7 X JO-6
l' = 3500 K

5 X J06
2.5 X J06

4. Higher oscillator frequency improves
stability.

For these precision crystals, however,
statement :3 is dependent on ~1 because
the maximum Q is inversely propor
tional to the frequency 4 and Qfo is con
stant.

As an example, if we substitute these
typical crystal constants in equation
(:J) :

J,
Q

thcn
6.J 3 X 10-'"

J T

This means that, for a one-second aver
aging time, the frequency deviations
due to the thermal noise of the crystal
do not exceed 3 X 10-".

How close do modern crystal oscilla
tors get to this figure? Actual measure
men ts on the ncw General lladio Type
1115-B Standard-Frequency Oscillators
have shown the following results:

6.Jf = 4 X 10-12 for one-second aver-

aging time
= 4 X 10-J() for one-millisecond

averaging time.
This shows that, for a one-second

a voraging time, the oscillator circuit
contributes just over onc order of mag
nitude more than the crystal. For one
millisecond, the effects of the circuit are
almost negligible, as the measured sta
bility is only 35% worse than that of
the crystal alone. Figure 2 shows the
theoretical stability as well as some
measured data.

From the discussion above it appears
that present oscillator designs are satis
factory for very long averaging times
(aging) and very "Short averaging times.
In between, say from tenths of seconds

to hundreds of seconds, the stability po
tential of the crystal is not fully utilized.
'This is only partially correct, however,
as there is temperature disturban!le
caused by the crystal, which is signifi
cant for averaging times of tens to
hundreds of seconds.

Temperature Gradients

Crystal units generally show great
sensitivity to temperature gradients. In
a vacuum-mounted crystal, heat is con
ducted to the quartz mostly through
the wire supports, and rapid tempera
ture fluetuations can produce spot
temperature differences, creating a tem
perature gradient in the crystal. Thus,
if the temperature of the oven fluctuates
but little, the frequency effects are
much larger than t.hose due to the
temperature coefficient alone. Tempera
ture-control circuits, like any other cir
cuit, are susceptible to noise, and some
temperature fluctuations are inevitable.
Temperature rates of change as low as
lO millionths of a degree per second
(2XlO-6 °C/sec) are sufficient to cause
frequency changes larger than those
indicated by the steady-state tempera
ture coefficient of the crystaP
• A. \V. 'Vartler, "Desi.l!:tl and Performance of 2.5 ]\Ic
Quartz Crystal UnitJl." BST.f, Vol XXXIX, No.5,
September 1%0. pp 1193-1217.
~ Contract DA 36-039 SC 73078. "An Ultra Precise Stand
ard of Frequency," Ela'ellih Illterim Report (Bell Tele
pholle DabQra/ories), Pi-> 33-37, April 23, 19u9.
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Figure 3, Drive~level sensitivity of 5_Mc crystal.
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level becomes more and more cri tical.
For a I-d b change in level,

AI = 0.2 Di'. (5)
Jo

This effect is in the opposite direction
from the effect o[ drive level on thermal
noise (sec equation (3) and statement
2). As a result, the drive level can be in
creased only up to a certain point. For
higher levels, the ftuctuations (i.e.,
noise) from the level-control circuit be
come predominant, and the over-all per
formance is poorer.

Figure 4 shows a typical relation [or
T = one second. As the level-control
circuitry is improved, higher and higher
drive levels can be used. The thermal
noise decreases as Iii, but the dis
turbance due to level sensitivity in
creases as i 2• 'I'he best compromise is
dictated by the performance of the
level-control circuitry. For the 5-1Vlc
crystal, operating at one-mierowatt
drive, level variations must be less than
0.01 % to keep the resultant frequency
disturbances to less than 1 X 10-12•

This calls for a drive-level stability of
about 1 X 10-10 watt. The faet that
this stability has to be achieved at high
frequencies does not make the task any
eaSICr.

..
"

(4)
AJ
Jo

where jo = frequency at zero driving
power.

D = a constant determined by
the type o[ crystal and is
about 1 [or the 5-:v[e crys
tal.

i crystal current.

Figure 3 shows how, as the driving
power IS increased, the relative drive

The limiting factor in the tenths-to
seconds range is the IIJ noise o[ the
oscillator and level-control circuits. For
higher frequencies (above 1 kc) the
noise figure of the semiconductors is
quite sma]l, say a few db, but, as we go
to lower frequencies, beyond the Io\\'
frequency noise corner, the spot noise
figure gets much larger. It is not easy to
decide whether this effect is due to
nonlincarities in the oscillator circuit or
to the level sensitivity o[ the crystal.

At the normal operating point o[ 70
mieroampercs, the 5-lVlc crystal shO\vs
about 1 X lO-"/db [or level sensitivity'
This sensitivity increases with increas
ing crystal current and for moderate
drive levels is approximately:

~ A. \v. \Yarner, 'Crystal Unit Design for Use in a Ground
Station Frequency Standard," J'roccedinfls of the 101h
Annual Symposium on Frequency Control, 1956, pp lVQ
196.
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Figure 5. Vector /'

diagram showing /~
phase shift due e
to stray coupling 1 E, E

to output. d

------
E,

where E s = the signal in the loop with
out pickup.

EN = the pickup.
E = the sum of both.

It is obvious that, regardless of the
magnitude of EN, ¢ is zero if (J is zero,
and a maximum of ¢ occurs for

7Co~ ±2 (n - 1) -,
2

If a phase shift occurs inside the os
cillator circuit, the frequency must
shift to produce phase shift of equal
magnitude but of opposite sign in the
crystal network. The frequency shift
due to such phase shift is

often most important, they require less
power or less volume.

loading

Frequency variations due to changes
in the loading at the output of the os
cillator have been a very serious prob
lem for all laboratory applications.
Loading effects are caused primarily by
pickup of output current in the oscilla
tor circuit. Let us assume that a small
amount of output signal is introduced
into the oscillator loop. Figure 5 shmvs
this case in exaggerated form. From the
vector diagram in Figure ;),

E = vi(Es + E" cos 0)' + (!':N sin 0)' (6)

and

(7)

(8)
tan <p

2Q

Es-,- + cos 0
l!.N

sin (J

"'J
J

tan <p

ADDITIONAL STABILITY PARAMETERS

Other factors affecting the short-term
stability are temperature, load changes,
vibration, and power-supply effects. In
general, they are specified separately
from the short-term stability data.

Temperature Control

The effects of temperature can be re
duced to acceptable amounts depending
only on economics of cost, weigh t, and
power consumption. The most difficult
factor is dynamic stability, i.e., the
elimination of transient temperature
changes much larger than steady-state
changes for the same ambient range.
Present-day instruments show over-all
temperature coefficients as low as a few
parts in 10" per degree C. Under labora
tory conditions this can be considered
negligible because it is masked by either
thermal noise or aging, except possibly
in the range of T = 0.1 to T ~ 1000
seconds. If the requirements of the
contemplated applications warrant the
expense, temperature control can be
improved. '1'hi8 will be necessary if and
when active devices with lower IIJ
noise and crystals with lower aging
rates are available. \~~hile two-stage
ovens are more popular, single-stage
ovens can be made to perform quite
well. Reduction of ambient changes
as seen by the crystal is not limited by
the stabilization factor of the oven con
trol but by temperature gradients be
tween the crystal and the temperature
sensing element. Although two-stage
ovens are easier to design for low gradi
ents and stability of the control system,
single-stage ovens can be built with
stabilization factors over 50,000 and
gradien ts of less than J0 millidegrees
Centigrade. They have the advantages
of lower cost and lower complexity, and,

5
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Figure 6. Typical
block diagrom for
a precision oscil-

lator.

6

and, as a function of 0,

:::..r 1 sin 0

.r 2 Q 1;"-.- + cos 0
J'.x

d .f' .:::.r 1 I,'x .
an ,I l,s» b·, J = 2 Q 1o's sm 0 (9)

Obviously, the best solution would be
to ensure that I".,. is small enough to be
negligible. This is quite difficult, be
cause even whell F..... is vcry small, it
still has considerable effect. For ex
ample, if

l!:N = 1 X lO-5, Es = 1 X 10- 2
I

and Q = 2.5 X JO'
then

'1 = 2 X 10-10 sin 0
f

To keep FN as low as 1 X 10-5 requires
well over 100 db of isolation and shield
ing between output stage and oscillator,
and liN is often larger. So far, it has
been shown only that the frequency is
offset owing to pick-up if 0 is not equal
to zero or ]80°. As soon as Ex changes
(owing to a change in output current),
this frequency offset changes unless 0 is
zero or 1800

•

If it could be ensured that 0 is zero or
1800 for all conditions of loading, no
frequency changes would occur. As long
as the load is strictly resistive, this is
possible. Figure 6 is a block diagram of
an oscillator with amplifier stages.

The conditions to make 0 ~ 0 are
</>1 = </>3, which requires :::.</>, + f1</>, = 0
for any resistive load.

The phase-shifter shown in Figure 6
can be the tank circuit of one of the

amplifier stages, which can be detuncd
slightly to compensate for whatever
phase shifts may exist in all amplifier
stages. Cndcr these condi tions, any rc
sisti,'e load change will affect the mag
nitude of I,',y but not the phase. Changes
in magnitude arc not yery important,
since they represent no morc than a
change in gain in the oscillator loop,
which is taken care of by the level
control circuit.

This condition cannot be met if either
the output impedance or the load im
pcdance is not strictly rcsistive. Any
reactive load causes a phase shift as
long as Rs is not zero, and, if the source
impedance is reactive, resistive load
changes result in variations of 8. The
best compromisc is to make Rs as small
as possiblc, so that moderately reactive
loads arc acceptable.

It is not likely that load changes are
reflected through the chain of amplifier
stages. Expcriments have shown that as
few as two 01' thrce stages after the os
cillator will provide all the isolation
needed, but a larger number of stages is
usually required to obtain enough gain.

Vibration

Crystal units are quite sensitive to
vibration, and, while this problem is
most severe for missile or airborne ap
plications, it cannot be ignored for
laboratory applications. Great efforts
have been made to develop crystals
with low sensitivity to aeceleration. 1

7 Contract DA 3fi-039 SC 73078.•• An Ultra Precise Stand
ard of Frequency," Pinal Report (Bell Telephone Labora
torie.), ~ember 1960.



Precision crystals have frequency-vs
acceleration coefficients of L X 10-9 to
1 X 10-10 per g (gravitational con
stant), and efforts have been concen
trated in the direction of eliminating
resonances in the f'requeney range of
interest. Once the crystal design en
sures freedom from resona,nces, little
more can be done in the \vay of mount
ing it in the instrument, - at least not
for low frequencies.

Power Supply

Power-supply variations can be held
to a few parts in 1011 as oscillator volt
age coefficients of less than 5 X 10-'
per volt are usual

STABILITY SPECIFICATIONS

K 0 accepted standards exist for the
specification of short-term stability.
These data are obtained for constant
operating conditions, i.e., constant am
bient, load, line, etc., and the effects
of variations in these quantities are
listed separately. The method most
suitable for the evaluation of the oscil
lator performance in systems applica
tions is to specify the" standard devia
tion," (J", for a specified confidence limit.
This is, of course, the same as the" rms
deviation." Sometimes rms phase devia
tion is listed as a measure of short-term
stability. This phase deviation can be
computed from the frequency:

where T is the averaging time.

If the value of ; is in terms of rms

units, the D.¢ is also in rms units.
The term "short-term stabHity" is

not generally used for averaging times

JUNE, 1964 ~

over 10 seconds; to fiJI the gap between
10 seconds and the averaging times for
aging or drift, the term "fluctuations"
has been used. For increasing averaging
times, the rros values become less and
less useful because the frequeney fluctu
ates around a mean value that is ehang
ing very slowly as a result of aging. To
state a meaningful rrus value, it is
necessary to subtract the aging slope.
Such a regression analysis can easily be
accomplished. The data so obtained
become more and more important as
the aging rate decreases with time and
may ultimately determine the usable
stability on a day-to-day basis.

SPECTRUM

Spectral purity is particularly impor
tant for microwave-spectroscopy and
for other applications req uiring high
multiplication ratios. The spectrum of
an oscillator provides information be
yond that given by long-term and shol't
term stabilities. It shows the presence
of discrete sidebands and the distribu
tion of noise. To compare the spectra
of two oscillators, it is necessary to
know the frequency and the analyzer
band-width. Figure 7 shows a typical
spectrum, which is obtained by the

m
a

~

-40

..0

-00 ,. ••
~"'II:QUliNCY 11'1 ICC

Figure 7. Spectrum showing diStrete 1.k,c side
bonds at lOGe with 1O~cycle bandwidth in

analyzer.

7
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·where N,! is the noise-to-signal ratio
at j, and N, at!r, in db.

This means that multiplying the fre
quency 10 times increases the noise-to
signal ratio by a factor of 10. To evalu-

multiplication of the frequencies of two
oscillators to ]0 Ge. These frequencies
arc adjusted to be about 3 X 10-7 apart
(slightly over 3 ke at 10 Ge). The
centcr line of the spectrum is adj listed
for 0 db. The first sidebands are just
visible at about -46 db, disrrete side
bands of -:37 db are at ±1 ke from the
carrif'l', and the noise pedestal is about
-70 db. Such a spectrum can be llsed
to predict the performance at any other
frequency and for different bandwidths.

To obtain the ratio of noise to signal
at other frequencies, the fol1owing ap
proximation may be used as long as the
noise-to-signal ratios are at least -20
db, i.e., if the noise is better than 20 db
down:

" "0 I (f,) .\-1\" = j; og - + j I I- I, [db] (11)

ate the noise for a different analyzer
bandwidth, it is convenient to express
the noise in terms of root-cycle band
wid th. This is the noise-to-signal ratio
for a one-cycle bandwidth.

N"orm = N1. - ]0 log B (12)

where B ~ bandwidth.

The relative amplitude of discrete side
bands is not affected by any change of
bandwidth. Using these relations to
refer the spectrum shown in Figure 7 to
5 ide, we have

I, ~ 10 Ge h = 3 Me
analyzer bandwidth = 10 cps
N, = -37 db for the ± l-ke side

bands.
N, = -70 db for the noise pedestal.

Then, from (11)
N, ~ -103 db for sidebands.
N, = -136 db for noise in lO-eycle

bandwidth
and from (12)

1V2 -146 db for 110ise in one-cycle
bandwidth.

TYPE 1115-B STANDARD-FREQUENCY OSCILLATOR

Careful evaluation of the basic oscil
lator parameters, as outlined above, has
led to the design of this new oseilla tor
unit. From the beginning it \vas agreed
that the unit should lise the 5-1\lc, 5th-

overtone crystal, include frequency
dividers to 1 j\Je and 100 ke, ancl have
self-contained emergency power for at
least 24 hours. The choice of the 3-Me
crystal was dictated by the belief that

Figure 8. Panel view of Type 1115-B Standcltd-Frequency Oscillator.

8
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Figure 9. View of
oscillator with cover

removed.

this unit could meet the requirements
for working standards of tbe majority
of users at a cost substantially lower
than tbat of 2.5-l\lc units. Except for
aging of the crystal, the GIl. TYPE
1J 15-B shows a performance com
parable to or exceeding that of any
2.5-NJ c oscillator.

Figure 10 is a bloek diagram of this
unit. The crystal, oscillator, and AGe

circuit.s are housed in a single-stage
proportional-control oven. 'I'wo stages
of isolation amplifiers and tbe output
amplifier follow. Regenerative dividers
are used to divide to 1 Mc and 100 ke.

DC----,

AC

Tbe power supply eonsists of an auto
matic battery charger, explosion-proof
battery, and regulator.

The crystal is a gettered unit. Ko
long-term aging data are available at this
time, but a record of several months'
aging shows some improvement over
the aging characteristics of unget.tered
uni~s. One important advantage of the
gettered units is a better restarting
characteristic, i.e., if the oscillator has
been off and is turned on again, these
units settle down much faster than do
tbe ungettered ones.

5M,

1M'

IOOke

Figure 10. Block diagram of Stondard Frequency-Oscillator.

9
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OSCILLATOR AND AGe

The effects of component changes on
thc frcquency of a crystal oscillator
have been analyzed in the past. 8 Figure
II shows thc basic arrangcment of the
crystal network and oscillator circuit.
For the f)-l\Ic, 5th-overtone crystal, a
I-pf changc of G, 01' G, (0.3%) amounts
to a frequency variation of about
5 X 10->0. Thc shunt capacitances G,
and (', are about 3:30 pf cach, and this
network requires a transconductance of
15 milliamperes per volt to sustain
oscillations. Such a transconductance
would be difficult to acbic,·e witb
vacuum tubes of st..blc long-term per
formance but can be obtained with
transistor circuits.

Figure 11. Basic oscillator network.

The ideal, active device for Y T has
high input and output resistance and
no input or output capacitance. In ad
dition, the magnitude of Y T must be
controlled by the AGe circuit to hold the
amplitude constant. The gain of tran
sistors is usually controlled by variation
of the de current. This mcthod, how
ever, is undesirable, because the current
variation changes the capacitances of
the transistors. Better performance is
obtained if only the ac gain, and not the
dc operating point, is varied. The cir
cuit shown in Figure 12 meets these
requirements.

Transistors Q, and Q2 are in a circuit
configuration that applies 100% feed-

0,

0,

DI---i"+f

Figure 12. Basic oscillator circuit.

back from the output to thc emitter
of the input stage Q,. The voltage gain
from the base of Q, to the output
terminal is very nearly unity. If we as
sume that R is thc only impedance
from this point to ground, tbe current

eo
tbrough R ,,~ll be very nearly Ii Be-

cause this same current flows through
Q3 (witb tbe exception of small amounts
lost through tbe bases of Q, and Q3), tbe
transconductance of this circuit is pre
dominantly controlled by R. This re
sistance can be varied with no change
in the de operating point of any of tbe
transistors. 1'he circuit has an input
impedance of over 30 kilohms shunted
by Ie tban 2 pf and an output im
pedance of several hundred kilohms
shunted by less tban 2 pc. A transcon
ductance of 15 milliamperes per volt is
readily obtained when R is about 65
obms. Because of these high input and
output impedances, variations of tran
sistor parameters are of little conse
quence. As the collector-to-base capaci
tances of modern planar transistors are
typically stable to bctter tban 10% per
10,000 hours at constant temperature
and voltage, tbe resultant change of

8 E. P. Felch and J. O. Israel. "A Siml)!C Circuit for
Frequency Standards l~mp!oyjnJf O\'erwne Crystals"
:~55~edin"3of the JHE, Vol 43. No. S, pp 596-603, l'd~y
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Figure 13. Basic AGe circuit.

frequency is less than 1 X 10-10 per
year. This is negligible comparcd with
the aging of 5-lVlc crystals, which is
orders of magnitude greater.

Electronic control of the transcon
ductance is obtained by variation of
the dc bias current through a pair of
diodes (Figure 13). Tbe rf output of the
oscillator is amplified by a two-stage
amplificr and rectified by D,. As long as
there is no rf voltage, R4 is biased on
(saturated) to pass a maximum of cur
rent through the AGe diodes, D,'and D"
for maximum transconductance to start
the oscillations. As the amplitude in
creases, D3 reduces the turn-on drive
of Q. (from RD ) until Q. gets out of
saturation. Any further increase in rf
amplitude reduces the current through
D 1 and D 21 whjcb reduces the gain. fin

adjusts the point where Q. gets un
saturated and thus sets the rf level.

A variable capacitance diode (va
raetor) is used to adj ust the frequency
of the oscillator. The bias for this diode
is varied by a potentiometer mounted
on the panel. A digital rcad-out indi
cates frequency increments of 1 X 10-10

per digit. The total range of this elec
tronic tuning is 2700 X 10-10. Careful
investigation has shown no measurable
aging due to the varactor. The series
resistance of the varaetor used is negli- Figure 15. Tracking errar af varodor tuning.

2700

l

TO VARACTOR+.E--

DIAL DIVISIONSo

-'0

01'-------"<_::_-----+

gible compared with the resistance of
the crystal. Excellent linearity of tuning
is ensured by a variable load on the arm
of the potentiometer (a second re
sistance element on the same shaft).
See Figure 14. The linearity of this ar
rangement is typically better than
± 7 X 10-10 (out of 2700 X 10-10) or
about ±0.25%. Figure J5 shows a
typical curve for the tracking error. The
resolution of the potentiometer is such
that the oscillator can be adjusted to
within 2 X Jo-a of any frequency in
side the range.

The advantages of electronic tuning
are obvious. The varactors are small
and do not require a shaft through the
oven wall as is required for mechanically
varied capaci tors.

Figure 14. lineariz
ing netwark far va

radar.

In addition, the usc of varactor tun
ing permits control of frequency, by de
voltage, from a remote location and
phase-locking of the oscillator by means
of an external phase detector. External
control voltage can be applied through
a connector on the rear skirt of the in
strument. Sensitivity is of the order of

pplOIO

+'0

I

+E

I
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12

Figure 16. View of the investment cosling in which
the crystal and its associated circuit elements (Ire

mounted.

1.5 millivolts for a frequency change of
1 X 10-10•

OVEN

A single-stage oven with proportional
control holds the temperature of critical
components within less than 10 mil1i
degrees C. Power consumption of this
oven was considered importan t because
of battery operation in case of line fail
ure. The power consumption is only
about ::>00 milliwatts for operation at
room temperature. 'I'he insulation of the
oven is a combination of a Dewar flask
and polyurethane foam, in which the
flask is completely embedded. This as
sembly has survived shock tests of 50
gis, 11 Insee, in any direction (lVUL
STD 202 Method 205 Condition C).
The oven chamber is a copper invest
ment casting (Figure 16). Plug-in cir
cuit boards provide easy access to
components.

EMERGENCY POWER

A nickel cadmium battery of 4 am
pere-hours is floated across the dc sup
ply. The cells of this battery are of the
pressure-relief type and cannot explode.
In case of power-line failure, operation

for 35 hours is ensured at room tempera
ture and up to 24 hours at O°C. An
external de supply of 22 to 35 volts can
also bc used. If ae power, external dc,
and internal battery are connected, the
power will be drawn from the source
that provides the highest voltage to the
regulator circuit. The change-over is
made by diodes and is completely con
tinuous.
. The battery is recharged hy a cur
rent-limited voltage source. As long as
the battery voltage is significantly
lower than the float voltage, the limit
current flows. As the cut-off voltage is
approached, the current rapidly de
creases. This method ensures rapid re
charging after power failure and main
tains the battery at optimum charge
conditions. The float, or trickle-charge,
voltage is temperature compensated to
vary approximately -2 millivolts per
degree C per cell to correct for changes
in the emf of the battery over the full
temperature range.

PERFORMANCE
Aging

1'ypical aging rates are a few parts
in 10" per day after 30 days of opera
tion and are down to about 1 in 1010 per
day after 12 months.

Short-Term Stability

Figure 18 is a block diagram of the
measuring system used. The 5-l\1c out
puts of the oscillators are multiplied
2000 times each (effectively to X-band),

~

~r----__
~

~

~
u
~
z
~
q FLOAT VOLTAGE
•u

BATTERY VOLTAGE

Figure 17. Battery recharge characteristic.
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IOooMc

+200€

IOooMC

+2000€

TYPE
I I 37-A
DATA

PRINTER

figure 18. Block dicrgrom of mecl$uring syslem.

PARAMETERS CORPECTED FOR DRIFT

1115-q X~ VS 154 1 SEC SAMPlES 3/6/64

pA TA PA RTSIN 1.0 TO----IJ:iE...Jj. Tli

PARAM~TERS wiTHOUT DRIFT CORRECTION

('ilia tors compluccl with cach other and,
to obtain til(' sigma for one oscillator,

should be divided hy V2. The maximum
sigma for one oscillator is -l X lO-12.

Data for other a ,"ernging times are
listed in Table I and plotted in Figure
20. The innC'usc of dc,-iation from one
second to lO-second averaging time
is due t.o ambient temperature varia
tion. The IO-second data were recorded
over a 2iJ-minute time interval. \\Tith

180
95)
228
72.
612.9000
14.~531

195.2506
10.2906
-.3281
2.0545

212.1787
361.1428

612.8995
3.8826

52.0911
2.14'4

.2408
2.6498

56.6074

SA,MPU:: 51 Z
MAX x
MIN X
RANGE
MEAN
STD ER R OF MEA
SlGMA
STD ERROR OF SIGMA
Sl(fw FACTOR
PEAK FACTOR
MAX SIG~A AT .9~ CONFIDENCE
DRIFT PER 100 INTERVALS

figure 19.

MEAN
STO ERROR OF MEAN
SIGMA
STD ERROR OF SIGMA
SKEw FACTOR
PEAl( FACTOR
MAX SIGMA AT .9' CONFIDENCE

and the period of the beat note is meas
ured by digital techniques. The result
is processed by an UnI 1020 computer
to obtain statistical data. For short
a,-eraging times (less than 10 milli
seconds) the rms dedation is also
mcasurcd directly by data eonverted
from digital to analog form, which is fed
into an rms meter. This meter is ac
coupled and responds only to the devia
tions from the mean. The deviation
indicated by this meter agrees to better
than 10% with the data from the
computer.

Figure 19 shows the data for one
second averaging time as they are pro
duced by the eomputer. The data were
taken at a time when Serial Ko_ J54 was
still aging rapidly (a few days after
initial turn-on), and a large amount of
drift is noticeable. This drift was then
removed from the da tao The resul ts are
in parts in J013 for the mean and for
sigma. The skew faetor and the peak
factor are parameters that provide an
estimate of how nearly normal the dis
tribution is. The skew faetor is 0 and
the poak factor 3.0 for a perfectly
normal distribution. The maximum
sigma at 05% confidcnce is for two 08-

13
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Sigma at 95% confidence

Level Recorder. The exceptional dy
namic range of this combination makes
it possible to present the spectrum in a
particularly useful form. The oscillators
are adjusted to have a beat frequency
of about 3 kc (3000 X 10-"). Figure 21
is a spectrum obtained by this method.
The first visible sidebands appear about
45 db down from the main line, and the
noise pedestal is 70 db down. There are
no distinct sidebands visible. As this
spectrum was taken after multiplication
to the equivalent of X-band, it follows
from formula (11) from page 8 that
this corresponds to -111 db for the
first visible noise near the main line and
to -136 db for the noise pedestal, re
ferred to the 5-Mc output of the oscil
lator. For one oscillator, another 3 db
should be subtracted; 10 db should be
subtracted to refer the noise to I-cycle
bandwidth. The two numbers are -124

db/Vcps for the noise near the main

line and about -149 db/Vcps for the
noise pedestal.

Sometimes a figure is given for line
"width." This is, of course, strictly a
colloquialism, as a line cannot have any
width. What is meant is: how far from
the carrier are the sidebands 3 db down?
Figure 22 shows the center part of the

'0 '0

Sigma

~ '0 I ~ ~ '0
AvEUG,NO "wE:. t'. - SEC<lf<OlI

Figure 20. Measured data.
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a typical temperature c.oeffieient of
5 X lO-12;oC, it is obvious that tem
perature fluctuations of a fraction of a
degree account for this increase. Also
shown is the theoretieal stability re
sulting from the thermal noise of the
crystal resistance, as calculated from
formula (3) on page 2.

Phase deviation can be computed
from the frequency deviation by means
of equation (10).

For 5 Me,
;).f
- = 4 X 10-12 and T = one second.
f

;). <p = 125 X 10--< radians.

~TABlE I SHORT-TERM STABILITIES-

,;

,.

SPECTRAL PURITY

The measuring system shown in Fig
ure 18 was also used to obtain spectrum
data. The beat frequency between the
two oscillators, multiplied 2000 times,
is analyzed with a TYPE 1900-A Wave
Analyzer, set for lO-cycle bandwidth,
and reeorded with a Type 1521 Graphic

.,

;::::::;::...:.....,£~

--+-

M
FR£QU£NCY 'N I<C

=

,.,

OFF -r-t-.
---;_ ..~

t:::£ -r-::--....;.
~.

""

Figure 21. X-band power spectrum af two Type
1115_8 Standard-Frequency Oscillators. Analyzer

bandwidth is 10 cps.

5.5 X 10-12

4 X lO~12

1 X 10-11

7.3 X 10-11

39 X lO-lt
80 X lO-Il

10 sec
1 sec

0.1 sec
10 maee

1 msec
300 ,usee
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MONITOR CIRCUITS

A single meter is used to monitor the
5-Mc, 1-1V1c, and IOO-kc output levels,
oven temperature, oven heater voltage,
de supply voltage, and battery current.
In all functions, ·clearly marked sectors
on the meter indicate the ranges for
normal operation.

Power-Supply

Power-supply changes have little
effect on frequency. The frequency does
not change more than ± 1.5 X 10-11 for
any safe operating condition of ao or
dc supply voltage or for the range of
voltages from a fully charged to a com
pletely discharged internal battery.

Figure 23. Analyzer
pouband characteris
tic used for spectrum

of Figure.22.

e-

1= Fe I
+

Figure 22. Center por
tion of spectrum of
Figure 21, measured
with O.S4-cyde bond
width. Vertical scede

is IinecJr (Vpower).

L i
I

iPv I

I I

I I
I

!~22~0i- I
I Icc !

I - I
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spectrum plotted with an analyzer
bandwidth of 0.54 cps (by use of a spe
cial analyzcr filter), and Figure 23
shows the response of the filter. As
Figure 22 shows no broadening of the
response of the filter, it can be stated
that the line "width" is less than 0.25
cps at X-band.

OTHER FACTORS AFFECTING THE
FREQUENCY

Temperature

Temperature control of the crystal
and other critical components keeps the
over-all temperature coefficient typi
cally less than 5 X 10-<2;ce. Transient
response is such that frequency excur
sions stay within the spccified steady
state limits for sudden changes in tem
perature over the range of 0 to 50°C.

lood

Loading effects have been reduced to
negligible amounts by careful arrange
ment of ground loops. Very little out
put is fed back into the oscillator, as
evidenced by the fact that tuning of the
output circuit does not affect the fre
quency to any measurable extent, i.e.,
less than 2 X 10-". In addition to re
sistive loads, reactive loads can be
tolerated. A reactive load of 50 ohms
(620 pf) causes, typically, 3 X 10-"
frequency shift.

Vibration

The only component significantly af
fected by vibration is the crystal unit.
The acceleration coefficient is ahout 1
to 1.:3 X 10-9 per g in the most sensitive
direction, and, for low frequencies,
there is little reduction of vibration
from the instrument frame to the
crystals. As the frequency is raised,
some attenuation is afforded by the
foam insulation of the oven.

The instrument uses all-silicon, solid
state circuitry. All components are of
high quality, consistent with the re
quirements of long continuous service.
All electrolytic capacitors are tantalum
except for the ac power-supply filter
capacitor, which is a lVIiI-grade alumi
num electrolytic. All etched circuits use
Fiberglas-epoxy boards. The rugged,
mechanical construction will withstand
abuse during shipment and the mobile-

15
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service environment. The instruments
meet the requirements of MIL STD
167 for vibration and will withstand
30-g shocks of ll-msec duration in any
direction.

- H. P. STRATEMEYER

CREDITS

The author wishes to acknowledge t.he many
contributions made by others in the design of
this instrument and, in particular, the assist
ance of W. J. Riley in development, G. E.
Neagle for the mechanical design, and W. N.
Tuttle for writing the program for the computer
for statistical evaluation of short-term stability.

SPECIFICATIONS
OUTPUT

Frequencies: 5 Me, 1 Me, 100 kc.
Frequency Adjustment: 2700 X 10-10 (1 X 10-10

per dial division). Can also be varied by ex
ternal vol tage.

VolfClge: 1 volt, rms, ~ ~g% into 50 ohms at

each frequency.
SpectrClI line Width: <0.25 cps at 10 Gc.

FREQUENCY STABILITY

Short Term: Standard Deviation (sigma) is less
than stated below (95% confidence):

Temperature: <5 X 10-10 from 0 to 50 C.
load: < ±2 X 10-11 from open circuit to short
circuit.
Supply Voltage: < ±2 X 10-11 from 22 to 30
volts, de; < ±1 X 10-11 for ±1O% ac line
voltage changes.

POWER REQUIREMENTS (AC or DC)

AC, 90 to 130 (or 180 to 260) volts, ,10 to 2000
cps, 8 watts at 115 volts.
DC: 22 to 35 volts; 4 watts at 24 volts.
Emergency: Internal battery, 24-35 hours, de
pending on ambient tcmperature.

Aging: < 5 X 10-10 per day after 30 days;
< 1 X 10-10 per da.y is typical after one year.

Type

Averaging Time

0.3 msec
1 msec

10 msec
0.1 sec

1 sec
10 sec

100 X 10-11

50 X 10-u
10 X 1O-1l

1.5 X lO-u
1.0 X 10-11

1.0 X 10-11

GENERAL

Construction: Ruggedized; rack-bench cabinet.
Dimensians: Bench model- width 10, height
5>4, depth 14)1 inches (485 by 135 by 370 min),
over-all; rack model- panel 10 by 5Ji inches
(485 by 135 mm); depth behind panel 12)1
inches.
Net Weight: 35 pounds (16 kg).
Shipping Weight: 39 pounds (l8 kg).

Price

1115·BM
1115-BR

StCindClrd.Frequency OscillCitor, Bench Model
Standard-Frequency Oscillator, Rack Model

$2,050.00
$2,050.00

PAPERS SOUGHT FOR CONFERENCE ON AUTOMOTIVE ELECTRICAL
AND ELECTRONICS ENGINEERING

16

Original paper" covering the forefront of the
art are sought for the First Nat.ional Conferenee
on Automotive Electrical and Electronics Engi
neering to be held September 22 and 23 in
Detroit, at the McGregor :vIemorial Cent.er of
Wayne State University.

Within l..he conte:d of automohiles and traffic,
the following subject eategorics will be con
sidered:

1. Systems and Automatic Control
2. Communication and Signalling
3. Vehiclc Propulsion and Control
4. Energy Storage and Conversion
5. SemlOrs and Gauges
6. Component.s and Devices
7. Test Instrumentation
8. ManUfacturing Processes and Techniques
9. Electronics in Sales and Distribution

Eaeh prospective aut.hor shOUld submit an
ahstract (500 to 1000 words) not later t,han.1uly
15th to the Chairman of the Papers COIll:l1ittee,
Mr. E. A. Hanysz, Gcneral Motors Research
Labomtories, G. 1\'1. Tech. Ccnter, \Varren,
Michigan. The author should indicate the
length of time required for presenting and dis
cUf<"ing the paper. This lcngt,h may be as short
as 10 minutes or less, but should definitely not
exceed 30 minutes.

The Conference is sponsored by Southeastern
Michigan Seelion and PTG-IECl of IEEE,
University of Michigan, Michigan Stat.e Uni
versity, Wayne State University, and Univer
sity of Detroit.

General Chairman is Ole K. Nilssen, Applied
Research Office, Ford Motor Company, Dear
born, ~'lichigan.
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CONVENIENT GENERATOR-DETECTOR UNIT

FOR BRIDGE MEASUREMENTS

SPECIFICATIONS

detector is tunable continuously from
20 cps to 20 kc, with additional spot
frequencies of 50 ke and 100 kc.

l A. E. Sn.nde~n. "A Tuned Amplifier ILnd Null Detec
tor with Onc-J\licrovolt Sensitivity," General Radio E:r.·
perime'!tu, 35, 7, July 19G1.
! n. G. Fulks, "High Performance, Low-Cost Audio
OllCilla.tor with Solid-State Circuitry," General Radio
EzperimC'lter, 30, 8 and 9, August-September 19G2.

Dimensions: Width 19, height 6, depth 7Y.(
inches (-185 by 155 by 200 mm), over-all.

Net Weight: 13 71 pounds (6.5 kg).

Shipping Weight: 28 pounds (13 kg).

Price

Bridge Oscillotor- Detector $565.00

Type

1240-A

The TypE 1232-A Tuned Amplifier
and K ull Detector I and the TypE
1311-A Audio Oscillator' have been
combined in a single, convenient unit
for use with audio-frequency bridges
and othcr null-balancc devices. This
new assembly, the Ty",; J240-A Bridge
Oscillator-Detector, occupies a mini
mum of bench space and is provided
with removable panel extensions, which
adapt it for rack mounting. The com
bination can also be easily disassembled
so that component instruments can
be used separately.

The oscillator supplies It fixed fre
queneies from 50 cps to 10 kc. The

Panel view of the Bridge Oscillator-Detec
tor Assembly.

Panel view with panel extensions attached far relay.
rack mounting.

BRIDGE ASSEMBLY FOR
PRECISION
INDUCTANCE MEASUREMENT

For the precise measurement of in
ductance and the intercomparison of
inductance standards, the TYPE 1632-A
Inductance Bridge I offers both ae
curacy and convenience. Its wide range
of inductance, from 0.000 l Mh to Illl h,
embraces a variety of applications. It
can measure rf coils at 1. kc (where
stray capacitance is not a factor) to
an aeeuracy of 0.1%. It can compare
two IO-henry standard inductors at
100 eps to a precision of I part in 10'.

Panel view of the Inductance Measuring Assem
bly.

17
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$1555.00

Although designed primarily for meas
urements at 1 kc and lower frequencies,
it is usable, with little impairment in
accuracy, up to 10 kc.

'This bridge is now available in com
bination with the TyPE 1240-A Bridge
Oscillator-Detector' as the TYPE

I J. }', Hersh, "A Bridge for the Precise Measurement of
Inductance," General RadiQ E~pe,imenleT, 34, 11, No
vember 1959.
2Sec lmge 17.

1660-A Inductance Measuring As
sembly.

SPECIFICATIONS

Dimensions: Width 197'!!, height 23, depth
IO>i inches (495 by 500 by 270 mm), over-all.
Net Weight: 62 pounds (29 kg).
Shipping Weight: 92 pounds (42 kg).

Type Price

1660-A Inductance Measuring
Assembly

INEXPENSIVE VARIAC® AUTOTRANSFORMER
LIGHTING CONTROL

By Fred B. Otto

1B

The control board described here was
designed and built by the author in
order that the eight Variac® autotrans
formers, obtained by tbe ~ransfield

Players over the past several years,
could be operated with the convenience
and versatility of a lever action and a
mechanical master found in profes
sional boards. Because the operator can
bold several levers in caeh hand and
can also master them to a single lever,
he can easily carry out operations
that are impossible with knobs. Since,
like many other amateur theatrical
groups, the ~ransfield Players are chal
lenged by a budget that is practically
nonexistent, the board was designed to
usc materials that are inexpensive and
readily available.

The autotransformers were mounted

Figure 1. Sketch of the drive mech
anilOm.

Variac Shafts

in two rows to conserve space and to
bring the handles closer together. Eight.
3-inch V-belt pulleys were then
mounted on a Y2-inch shaft, which was
mounted in two holes in the box. A
IJ.;2-inch pulley was used as a mounting
for the master handle. Since it was
found that a setscrew was not sufficient
to keep this pulley from slipping wben
all eight dimmers were mastered, a hole
was drilled through the pulley and
shaft, and a cotter pin inserted. The
spacing between pulleys was maintained
by short pieces of pipe cut to length
and slipped over the shaft. A smooth
pipe was mounted near the first row of
autotransformers, as shown in Figure],
to guide the cord.

The connection between the V-belt
pulley and the autotransformer sbaft
was made by means of a piece of heavy
Venetian-blind cord. The cord was
secured to the shaft of the Variac by
means of a machine screw worked
through t.he cord and into a hole that
had been drilled and tapped in the side
of the shaft about Y2 inch from the end.
The cord was given one and a half
turns around the shaft of the Variac
and then was tied to the V-belt pulley
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Figure 2. View of the control bOCJrd, showing oullets 01 the rear
for individual circuits. Figure 3. View with cover removed, show_

ing details of Ihe control mechonism.

by means of two holes drilled in its
flange. Though it "tas found sufficient
to wrap the cord around the shaft of
each 'I'YPB \V5 Variac autotransformer,
it would probably be necessary to use
a small thread spool on the shafts of
the higher power TyPE WID and TYPE

\V20 Variac autotransformers and to
lise a correspondingly larger pulley.

Inexpensive screwdrivers with :3{6
inch-diameter shafts were used for
handles. The shafts were heated to re
move the temper, the tips cut off, and
the shafts threaded to fit the r.6-inch
setscrew holes of the pulleys.

The difference in diameter between
the pulley and the autotransformer
shaft causes the Variac to turn the full
320 0 when the level' is moved through
about 90°. -:\fastering is accomplished
by a simple twist of the handle in the
setscrew hole so that it tightens against
the shaft, causing the pulley to turn
with thc shaft. It should be noted that
with this arrangement dimmers can
be mastered at different points so that
some dimmers can be maintained sev
eral points above or below the rest dur
ing fades. The 2-inch spacing of the
handles was chosen to be large enough

for them to be held separately, and
yet to be as small as possible so that
the maximum number of handles could
be moved at once.

This board with its low cost, light
weight, and high degree of controlla
bility has proved to be well suited to
our needs and may well be equally
suited to the needs of other groups.

:'vIr. Fred B. Otto, who designed and built
this control board for the l\bnsfield Players, is
a graduate of the University of l\'Iaine, at pres
ent studying for his Ph.D. in physics at the
University of Connecticut. In addition to his
association with the :Vlansfield Players, he has
also worked with the .Maine Masque Theater
and the Parish Players of \Vinchester, :Massa
chusetts.

Figure 4. The Qulhor allhe controls.
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Melville Eastham

1885 -1964

Melville Eastham, founder of General
Radio Company and its president from
1915 to 1944, died on May 7. His pro
fessional and business career spanned
the growth of electronic engineering
from its beginnings as wireless telegra
phy to the presen t and was marked by
important contributions to science, in
dustry, and national defense.

He was born in Oregon City, Oregon,
June 26, 1885, and was educated in the
Oregon public schools. He moved to
Boston in 1906 as a cofounder of Clapp
Eastham Company, a manufacturer of
radio receiving and transmitting equip
ment. In 1915 he founded General
Radio Company.

He was a Fellow of the Institute of
Electrical and Electronics Engineers
and of the American Association for the
Advancement of Science, and a member
of the Acoustical Society of America,
the American Physical Society, and the
American Meteorological Society. In
1945 he was awarded the honorary
degree of Doctor of Engineering by
Oregon State College.

As one of the leaders of the Office
of Scientific Research and Develop
ment, he was instrumental in mar
shalling the electronic-engineering ef
fort during World War II, and played

20

a principal role in the development of
the Loran navigational guidance
system.

lVIr. Eastham was responsible fOf
many important electrical standards,
components, and construction tech
niques. '¥idely recognized as a pioneer
in progressive employer-employee re
lations, he initiated in the early days
of General Radio many employee bene
fits that were later widely adopted in
industry. Largely through his technical
guidance and his humanitarian ap
proach to corporate management, Gen
eral Radio was able to grow to a promi
nent position in the electronics indus
try while preserving its unusual system
of self-ownership.

Melville Eastham's many friends in
the electronics industry may wish to
knO'y that a fund in his memory has
been established for the general pur
poses of the .Massachusetts Institute
of Technology. Contributions may be
sent to the Melville Eastham Memorial
Fund, Massaehusetts Institute of Tech
nology, Cambridge, l\tlassachusetts.
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A BRIDGE TO TERAOHM TERRITORY
Thirty-one years is a long time for

an instrument to be on the market.
Imagine introducing an instrument now
that will still be in a catalog dated 1995!
Although the Type 544 Megohm Bridge
has been modified occasionally, it is still
basically the same instrument that it
was in 1933,'" and it is still a popular
item. The longevity of this "circuit
classic" may be some sort of record,

and is a tribute to its design and its
designer.

This instrument is a self-contained
Wheatstone bridge system, which uses a
vacuum-tube detector to achieve the
sensitivity necessary for the measure
men t of high resistances. While there

I R. F. fo'ield. "Brid~e + Vacuum Tube ., Megohm "Me
ter," Genual Radio EZJH:ri~lrr, 8, I and 2, JunNuly
1933.
t R. F. Field, "The Megohm Bridge," ibid., 12, 2, July
1937.

Figure 1. Panel view of the Type
1644_A Megohm Bridge. The Flip
Tilt cose permits the panel to be
positioned at any desired angle.
Inset shows the older Type 544-8.

VOLUME 38 NUMBER 7 JULY 1964
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hasn't been much change in the Wheat
stone bridge in over a hundred years,
except for improvements in the resistors
used, there have certainly been ad
vances in electronic circuits, which are
used in the detector and voltage source.

In the new TYPE 1644-A ~'legohm

Bridge (Figure J) these advances have
made practical these maj or improve
ments over the earlier TYPI:': 544:

1. \Vider resistance range, extended
three decades higher and two decades
lower to give a total of 10 ranges, which
cover 10' aud 10" ohms.

2. Better accuracy i now 1% to 1012
,

2% to 10", and 10% to 10" ohms. To get
this accuracy at high resistances would
have been difficult with the single
tube detector of the older instrument.

3. Seven internal test voltages, 10
volts to 1000 volts in 1-2-5 steps. Any
other voltage in this range can be
obtained with j list onc external resistor.
Measurements at these lower test volt
ages are made possible by the more
sensitive detector.

4. A t>R% dial for measurements of
differences as small as 0.1%, for volt
age- and temperature-coefficient inves
tigations, and for precise comparisons
against external resistance standards.
These uses also require the bigh sensi
tivity of the new detector circuit.

5. A 100:1 minimum ratio between
the ratio-arm resistor and the unknown
as compared with 10:1 in the older in
strument. This results in several ad
vantages: The voltage on the unknown
changes by only 1% over the dial range

instead of by 10%; the ratio-arm resis
tor has a maximum of only 10 volts
applied, so that its change with voltage
is negligible; a lower-resistance ratio
arm can be used on any given range,
which, in several cases, permits use of a
more stable resistor; and the lower re
sistance results in a shorter time con-·
stant when capacitor leakage resistance
is measured. This extra factor of 10 in
"bridge ratio" results in a lO-to-l loss
in bridge sensitivity, but is more than
made up for by the improved detector.

6. A new internal self-calibration
circuit permits checking of the resist
ance of the wire-wound and metal-film
ratio-arm resistors and adj ustment of
the carbon-film types used on the three
highest ranges.

As is apparent from the photographs,
the styling is changed. The new Flip
Tilt case allows the panel to be tilted
at any angle for the maximum con
venience and comfort of the operator
and provides a protective cover during
transportation or storage.

CIRCUITS
The Bridge

The basic bridge circuit, Figure 2,
is familiar to anyone who bas taken
freshman physics. It differs from the
simple Wheatstone bridge circuit in
two ways: T-networks are used in the
ratio arm, Rs , on the top ranges, and
a t>R% adj ustmen t can be inserted in
the fixed arm, R p • One should also note
that the main adjustment arm RN is
the arm opposite the unknown, so that
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Figure 2. Basic bridge circuit.

its value is inversely proportional to the
resistance measured. As a result, the
R dial extends to infinity as Rx goes
to zero.

Ten ratio-arm resistors are used to
obtain the ten resistance ranges. The
five lowest-valued resistors are wire
wound and the next two are %% metaI
film units. The top three ranges usc
high-resistance carbon-film types, which
are neither so precise nor so stable and,
therefore, have trimming adjustments,
which can be set precisely by means of
the internal self-calibration circuit.

The T-networks that make up the
ratio arms on the two highest ranges
allow the use of relatively low-valued
resistors to obtain very high effective
resistance. For those who have forgot
ten the i-a transformation, Figure 3
will indicate how this is accomplished.
If R I and R, are large and R, is small,
the equivalent value of R y can be very
large. The other resistances of the
equivalent a network fall across either
the adjustable arm, R.v, where the re
sulting error is negligible if values are
properly chosen, or across the detector,
which results only in a loss in sensitiv
ity. One advantage of this network over
single resistors is that the low-resistance
units are morc stable; their use also
keeps the bridge output impedance

JULY ,.64 ~

reasonably low to reduce capacitance
pickup and time-constant effects.

The main R adjustment, R,y, is
the familiar cam-adj usted, wire-wound
rheostat used in all our 1% bridges.
The winding mandrel of this unit is
shaped to give a logarithmic dial scale
over a 10:1 range for constant percent
age accuracy.

The R p arm is fixed unless the aR%
switch is pushed, in which case a rheo
stat is inserted to give a ± 5% adjust
ment for the measurement of small
resistance differences. T'his switch has a
spring return so that the rheostat can
not be unintentionally left in the circuit
where it could cause an erroneous read
ing on the main dial.

The junction of the R.v and Rp arms
is brought out to the front panel as a
guard point for measuring three-ter
minal systems. 1'his is particularly use
ful for measurements on very high
resistances, where guarded shields are
necessary to avoid both leakage across
the unknown and capacitance-pickup
effects. Resistance from the + UN
KNOWN terminal to the GUARD terminal
shunts the detector and causes no direct
error although it will, if low enough,
reduce the detector sensitivity. Resist
ance from the - UNKNOWN terminal to
the GUAnn terminal shunts R p and will
cause an error if it is below 50 megohms,
which is relatively low compared with
the values measured on this bridge.
The guard will always tolerate the
leakage resistance of shielded wires or of

R1+R 3 + R.R 3

TV
Figure 3. Oelta-wye transformation.

3
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Figure 4. Elementary schematic
of the detector.

anything that can be legitimately called
insulation.

The Detector

The key to high-resistance measure
ments is high detector sensitivity and
high detector input resistance. As noted
above, other features can be traded for
sensitivity but only if the sensitivity is
adequate. The detector circuit used is
shown (simplified) in Figure 4 for cir
cuit enthusiasts. The input stage is a
subminiature electrometer tube; this
puts the input resistance up in the
101'-ohm range and keeps the grid cur
rent negligible. The subminiature tube
that follows the electrometer reduces
the impedance level so that two
transistors can be used to complete the
feedback loop. The feedback is re
turned to the screen grid of the elec
trometer, and the zero controls arc also
connected to this point.

]

En
" AI>.'o

Figure 5. SchemCitic of the high-voltage supply.

B'

The input tube is preceded by an ac
filter to reduce the amplitude of ac
signals, particularly hum, that might be
picked up on the leads to the unknown
resistance. A neon tube and the follow
ing lOa-megohm resistor limit the grid
current that could be drawn if high
voltage were inadvertantly applied to
the detector. The amplifier output
drives a null-detector-type meter.

The sensitivity of the detector of the
TYPE 1644 Megohm Bridge is over 200
times that of the TYPE 544. With well
aged tubes it can hold 100 microvolts
for long periods, and voltage differences
down to 10 microvolts can be detected
with care.

The High-Voltoge Supply

While the high-voltage supply re
quires a vacuum tube as a series regu
lator, the use of transistors and Zener
diodes makes practical the flexible cir
cuit outlined in Figure 5. Here onc
resistor, R, controls the output voltage
because the controlling bridge is bal
anced only for a given fixed current.
This makes adjustment easy both in
ternally and by external resistance.

This regulator has a typical regula
tion factor of )000, can be shunted
without damage, and is current-limited
to approximately 8 milliamperes on the
higher voltage ranges. A current of
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this magnitude can be painful, but IS

not generally considered dangerous.'

APPLICATIONS
Resistance

Figure 7. Adjus
table resistance
standard cover
ing a range of
100 megohms to

one teraohm.

10 Mil. 10 Mil
TYPE 50022 TYPE 50022

o TO 10Mil.
TYPE 1432.z

The most obvious application is the
measurement of high-valued resistors,
but the procedure for this measurement
is so simple and straightforward it
hardly requires mention. However, the
use of the L'>R% dial for measurements
of small differences in resistance is of
interest to those making voltage or
temperature-coefficient measurements.
The bridge is close to ideal for the
former because of its wide voltage
range, detector sensitivity, and resolu
tion of better than 0.1 % on the L'>R%
dial. Examples of L'>R% VB voltage for
several resistors are shown in Figure 6.
Temperature-coefficient measurements,
of course, require a test chamber,
and here the GUARD terminal is most

The extended range of the new bridge
is necessary for studies of many of the
newer insulating materials. The guard

useful to permit the use of shielded
leads.

An interesting use of the L'>R% dial
is in precision substitution measure
ments with external wire-wound stand
ards. One may well ask where to find
wire-wound standards in the gigaohm
range. We make and sell two-terminal
wire-wound resistors up to 10 megohms
(TYPE 500-ZZ), and, with the aid of the
Y -L'> transformation (Figure 3), one
can easily make 0.1%, wire-wound,
three-terminal resistances up to high
teraohm ranges. A handy adj ustable
resistance standard, shown in Figure 7,
covers the range from 100 megohms to
1 teraohm quite nicely. Unfortunately,
there are limitations. The equivalent
resistance to guard on one side shunts
the R p arm of the bridge, effectively
changing its value, but this error can
easily be accounted for in the calibra
tion relationship between the decade
box setting and the equivalent resist
ance. The other resistance to guard
shunts the detector, causing a reduction
in sensitivity at very high values of
equivalent resistances. Thus, it takes
1000 volts applied for easy balance to
0.1%, when the T-network of Figure 7
is adjusted to give an equivalent 100
gigaohms.

Insulation Measurements

1000
VOLTS

0

0

./
HOT-MOLDED

CARBON
0

0
/ /

5
/ ~OOMn

2 'Gnl /

,
/ /

5

II
2

I ;' CARBON -, fllM

/ /
5 JOOMfi

V
2

I-0.0
'0

-'0

-0.0

-0.0

-2

-5

tl -I
Z

~ 
~•·•o
z· r
o

~-o.

~
ffi
~-O.

~
-0.

Figure 6. Voltoge-coefficient data as measured
on the bridge for two types of cor bon resistors.

I Edwin Schecter, "Prevention of Electric Shock Hazard
as a Basic Design Consideration," Electrical Manufactur
ing, January, 1960.

5



~ GENERAL RADiO EXPERIMENTER

Ikn IOkO IOOk.O. I Mil. IOMa IOOMn IGn lOOn IOOGn
10' 10- 10" 10' lOy 10" Id IO~ 10" IO'~

Figure 8. Leakage resistance of several semiconductor devices as mecuured on the megohm bridge.
Key:

(1) 2N442 50-w Ge tr!;lnsiltor (older type), lleBO (5) lN3493 Si rectifier (ZOO v), bock resistance
(2) 2N1S40 90-w Ge kansistor, ReBO (6) tN3256 SI rectifier (800 v), back resistance
(3) 2N1304 Small Ge transistor, (a) RCEO, (b) RefS, (7) 2N2714 51 transisfor, (a) RCEO. (b) RCBO

(e) #leBO (8) lN1298 5i diode, back feli,tance
(4) tN118 Ge diode, bl:lck resistonce (9) 2N2218 5i fransistor, (0) RCEO. (b) lleBO

(lO) lN300 SI diode (ulected), back resistance

6

is required for the standard ASTM elec
trode arrangements for both surface
and volume-resistivity measurements
on insulation samples, and likewise it is
often necessary to uguard out" alter
nate leakage paths in order to measure
a particular piece of insulation in com
plex switch gear or machinery. The
ability to make measurements with the
unknown grounded as well as un
grounded finds application when meas
urements must be made to a grounded
case or frame. Thc wider choice of volt
ages should permit measurements under
conditions closely approximating those
of normal operation, and the 1Ooo-volt
test voltage probably will find some
use in hi-pot testing.

One should note that, while a bridge
measurement in contrast to a megohm
meter measurement 4 requires a balanc
ing adjustment, one can use the bridge
for limit testing by setting the dial to

I H. P. Hall, "Redesigned Megohmmeter Simplifies In
8ulation-R~i8ta.nce Measurement," General Radio Bz
perinu:nter, 37,7, July 1963.

the test limit and noting only the direc
tion of the unbalance on the meter.

leakage Resistance Measurements on
Capacitors

An important application for a meg
ohm bridgc is the measurement of the
leakage resistance of capacitors, and
several features are included in the new
design for this application. The charg
ing circuit can charge 1 microfarad to
1000 volts in less than a second, inde
pendent of tbe resistance range setting;
the discharge circuit is much faster.
The high-voltage supply is well regu
lated to minimize the coupling of line
transients to the detector, and the high
bridge ratio and use of T-networks
result in shorter time constants for the
combination of the unknown capacitor
and the bridge output resistance. In
extreme cases, when very-low-leakage,
high-capacitance units are measured or
when large dielectric absorption is pres
ent, this type of measurement becomes
tedious to make with a bridge, but
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those who have made such measure
ments realize that it is tedious with any
type of test circuit.

Semiconductor Measurements

A relatively new application for a
megohm bridge is in the measurement
of the leakage characteristics of semi
conductor devices. The lower test volt
ages of the new bridge permit measure
ment on transistors and diodes that
would not tolerate the 100 volts sup
plied by the older bridge. Note that the
range of the bridge easily covers the
back resistance of low-leakage silicon
types as well as germanium units whose
resistance is many orders of magnitude
lower (Figure 8). The measurement of
these devices is straightforward and
simple, but the interpretation of the
shape of the curves is more subtle and
is left to the reader. Note, however,
that these devices have a positive
voltage coefficient, while resistors have
a negative one.

Figure 9. The Flip-Tilt can completely open
(right) and cloud for carrying "eft).

General

This new bridge with its many fea
tures is designed to meet present-day
requirements for high-resistance meas
urement. Its range, accuracy, choice of
test voltages, and ease of operation
make it suitable for a wide range of
applications in the design, production,
test, and maintenance of electrical and
electronic products.

- HENRY P. HALL

SPECIFICATIONS

Multiplier
Setting .""fax R~ Volt.s

100 G or less IOU 10
lOOe 1012 100
IT lOu 200

aR% Dial: ± 5% range; accurate to ± 0.2%
or, for small changes, to ± 0.1 %.

Minimum Test Voltoge for 1% Resolution: (for
approximately 1-mm meter deflection).

yolts

Accuracy: 103 to 1010 ohms, ± 1 %.
After self-calibration: 1010 to IOu ohms,

± 1%; IOu, ± 2%.
lOu ohms, ± 10%.
IOU ohms, ± one scale division.

lesistonce Range: 1 kilohm to 1000 teraohms
(lOS to lOu; ohms) in ten decade ranges.

Power Requirements: 105 to 125 (or 210 to 250)
volts, 50 to 60 cps, 13 watts.
Cabinet: Flip-Tilt.

.Minimum Resistance kilohms
for Unknown Dimensions: Width 12:l{, height 12~, depth 7%,

inches (325 by 320 by 200 mm), over-all; with
Voltage accuracy is ± 3% ± 0.5 Yolt. case closed and including handle.

Short-Circuit Current: <15 milliamperes at 10 to Net Weight: 18 pounds (8.5 kg).
50 Yolta; < 10 milliamperes at 100 to 1000 Yolts. Shipping Weight: 22 pounds (10 kg).

Type I IP,ice
1644-A Megohm Bridge $625.00

T.st Voltoge:

~F_ix_ed_V_oUa--=g,-e_8 10120 1501100I yolts

i\tinimum Resistance 113T7T201 kilohms
for Unknown

Fixed Voltages

7
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AC POWER SUPPLY FOR
THE VIBRATION METER

The TYPES 1553-A and - AK Vibra
tion Meters, which are normally bat
tery operated, can be converted to
power-line operation with the new TYPE

1262-C Power Supply.
This convenien t ac power pack can

be attached to the Flip-Tilt case of
the vibration meter, as shown in the
photograph. Price: $135.00

SPECIFICATIONS
Filam,ent Plate

FrequenC'f, Supply Supply Net Shipping
Volts cps Watts volts rna volts ma Dimensions Weight Weight

105-125 50-400 3 #1 1.3 31 '.5 .,
7% x 9V. 2Y21b 8 Ib

195-250 50 • #2 1.3 31 '.5 ., x 3 Y4 inches
(200 x 235 x (1.2 kg) (3.7 kg)

#3 1.3 11 '.5
., 83 mm)

COAXIAL U-L1NE SECTION
The U-Line Section is, as its name implies, a section

of coaxial line in the shape of the letter U. It is supplied as
an accessory with our TYPE 1607-A Transfer Function and
Immittance Bridge, but is also a useful component in many
coaxial line set-ups. In response to many requests, we
are now making it generally available. Price: $25.00

RELAY-RACK MOUNT FOR THE TONE-BURST GENERATOR
The TYPE 1396-A Tone-Burst Gener

ator, described in tbe May, 1964, issue
of the Experimenter, can be adapted for
relay-rack mounting through the use of
panel extensions, as shown in the ac
companying photograph. Panel height
is 5X inches.

Order TyPE 480-P308 Adaptor Plate
Set. Price:$7.00

ERRATA
JUNE ISSUE

The following errors have been noted in our June issue:
Page 11, line 11: R. should be Q•.
Page 11, Figure 13: transistor should be labelled Q•.
Pages 3 and 14: Figures 2 and 20 are transposed.

8 General Radio Company
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AUTOMATIC BRIDGE AMONG NEW INSTRUMENTS AT WESCON
We have always considered WESCO:"J (Western Electronic

Show and Convention) a major event in our exhibit schedule,
and we accordingly try to schedule the introduction of important
new instruments for the occasion. Last year our TYPE 1900-A
Wave Analyzer was unveiled at WESCON. This year, an auto
matic capacitance bridge heads the list of new products bound
for Booth 1343-1346 at the Los Angeles Sports Arena.

TYPE 1680-A
AUTOMATIC CAPACITANCE BRIDGE ASSEMBLY

The "automatic bridge," up until
now, either has not been a true bridge
at all or has been a monster system
with a five-digit price. GR, whose ex
perience with impedance bridges goes
back nearly a half-century, has now
produced an instrument-sized, instru
ment-priced, automatic capacitance
bridge that is sure to be the standard

for such instruments for many years to
come.

The Automatic Capacitance Bridge
Assembly requires only connection of
the unknown. The bridge selects the
proper range, achieves balance, and
presents the value of the unknown on
an in-line Numerik digital readout that
includes capacitance, dissipation factor

CONTENTS
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or conductance, decimal points, and
units. All this information is also pre
sented in binary-coded decimal form
(1-2-4-2 BCD) for use by printers or
other data-handling equipment. The en
tire balance operation consumes about
a half second.

Three switch-selected generator fre
quencies are available: 120, 400, and
1000 cycles per second. Capacitance
range is 100 picofarads (full-scale) to
100 microfarads at 400 and 1000 cis
(resolution is 0.01 picofarad) and 1
microfarad (full-scale) to 1000 micro
farads with a l20-cyele signal. Dissi
pation-factor range is 0.0001 to 1.0, and
the bridge will measure parallel con
ductance from 0.1 nanomho to 1 mho at
400 and 1000 cis, 1 micromho to 1.0
mho at 120 cis.

AUGUST 1964

Basic accuracy of capacitance meas
urement is ±O.! % of reading ±0.01 %
of full scale. Accuracy of frequencies
supplied by the transistorized oscilla
tor is ±1%.

The new bridge features several op
erating modes to accommodate a wide
range of possible applications. In the
tracking mode, for example, it will con
tinuously follow variations in a capaci
tor under test, permitting automatic
recording of the effects of temperature
or other environmental conditions. In
the tracking-sampled mode, the bridge
tracks the variations but yields data
only on command.

All this automation comes in a rack
bench instrument only 1OY2 inches
high, with a price requiring only four
digits (8'1850).

TYPE 1123-A DIGITAL SYNCRONOMETER

//

The standard clock face of the Syn
cronometer® time comparator has gone
the way of bridge balance controls, as
you can see from the picture of our new
TYPE 1123-A Digital Syncronometer.
Hours, minutes, and seconds appear on
an in-line N umerik digital readout. The
readout, however, is only one of many
significant differences between this Syn
cronometer and its predecessors.

The Syncronometer is a time-indi
cating instrument normally operated by
a loo-kc input signal from a precision

frequency standard, such as the Gen
eral Radio TYPE 1115-B. An automatic
disabling circuit stops the "clock" if
the input signal changes frequency or
if it misses even one cycle. There is
therefore no danger that the user will
unknowingly accept data spoiled by a
momentary input failure.

Syncronometer time can be com
pared with standard time (e.g., from
WWV) within ± 10 microseconds u'ith
out being itself disturbed. After the
comparison is complete, Syncronometer

3
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time can be synchronized against stand
ard time with one push of a button.

The new instrumen t was designed
with remote operation in mind. Any
number of them can be started simul
taneously from onc location, with a pre
set time delay between local and remote
units of 0 to 999.99 milliseconds.

The time indicator, as mentioned,
is a six-place Kumerik register. Digits
can be changed during operation, and
the register can be set to recycle after
any numher of hours from 1 to 99.

Timing pulses at frequencies from
100 kcls down to O.l cis (in decimal
submultiples) are available at output
connectors. A O.2-microsecond marker
is also available for high-resolution time
intercomparisons, as with Loran C.

The all-solid-state Syncronomcter®
time comparator operates from stand
ard ac power lines but also includes its
own nickel-cadmium (explosion-proof)
batteries for automatic takeover in
emergencies.

Price: $2950.00

NEW MEMBERS OF THE GR900 FAMILY

As the GR900 precision coaxial con
nector gains rapidly in popularity,
've are striving to meet the great de
mand for elements based on this coaxial
design. Among those to be introduced
at WESCON are:

The Type 900-TUA Tuner, used with
the TYPE 900-LB Precision Slotted
Line to cancel out residual reflections
of rf terminations, measuring instru
ments, connectors, and adaptors at
frequencies between 1 and 9 Gels. The
tuner comprises a section of 50-ohm
coaxial line with three adjustable tuning
screws having engraved micrometer
scales. These screws are used to tune
out reflections. All three can be set to a
"neutral" position, where the tuner
effectively becomes a retlectionless con
tinuation of the line. The maximum
VSWR that can be tuned out under all

conditions of mismatch, phase, and
frequency is 1.00 + 0.012 times the
frequency in gigacycles. Larger reflec
tions can usually be tuned out.

The Type 9OO-LZ Reference Air Line,
available in 5-, 7.5-, 10-, 15-, and 30
centimeter sections. In usc, the free
inner conductor is centered on the
center-conductor contacts of the GR900
connectors at the ends, by means of
spring-loaded inserts. The absence of
any support in the line itself means that
these air lines are essentially reflection
less, without even the minor discon
tinuity of a well designed bead.

Several new Type 900-0 Adaptors,
which are used to connect the GR900
series to TYPES BNC, C, and TNC
plugs and jacks.

Types 9OO-WNC and -WNE Shorl
Circuit Terminations. 1'he former is de-

4

The- Type 900-TUA Tuner installed
between a coaxial line and a matched

termination.



signed for use with the reference air line
described above, the latter to produce a
short circuit at the same reference
plane as that of the TYPE 900-WO
Open-Circuit Termination.

Connector Kits for Reference Air Line.
Those desiring reference air lines of
lengths other than those available as

AUGUST "" ~

ready-made sections (see above) can
now make their own sections out of
GR precision rod and tubing (Part
No 0900-9508 and 0900-9509, respec
tively). New connector kits include the
necessary parts of the GR900 connector
for such line fabrication as well as for
the connection of reference air line to
components.

Frontiers in Electronics

and also on display

TYPE 1360-8 MICROWAVE OSCIlLATOR

TYPE 1422-CL PRECISION CAPACITOR

These instruments are described
elsewhere in this issue.

TYPE 1521-8
GRAPH IC LEVEL RECORDER

TYPES 1161-A AND 1162-A
COHERENT DECADE

FREQUENCY SYNTH ESIZERS

Descriptions of these instru
ments will appear in the Sep
tember issue of the General Radio
Experimenter.

400-kc SOLID-STATE COUNTER

Experience with the TyPE 1150-A
Digital Frequency Meter 1 and with
the circuitry of its more sophisticated
brother, the TYPE 1151-A,' has made
possible a number of improvements
that increase reliability, ease of opera
tion, and frequency range.

A new model, the TYPE 1150-B, now
replaces the original A-model. This

digital frequency meter is based on the
same simple, economical ring counting
units used in its predecessors. The
upper frequency limit, however, has
been raised from 300 kc/s to 400 kc/s,

1 R. W. Frank and J. K. Skilling, "A Fivc*Digit Solid*
State Counter for Frequency Alea5urement5 to 220 kc."
General Radio Experimenter. 36, 4, April, 1962.
1 R. W. Frank, "Zero to 300 kc with Five--Digit Ac*
curacy," General RadiQ Experimenter, 37, 6, Junc, 1963.

5
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with no increase in price. Also, for
increased operating convenience, a trig
ger-level eontrol has been added, so
that one can optimize the input sensi
tivity for all waveforms from sine
waves to low-duty-ratio pulses. This
greatly reduces the possibiljty of er
roneous indications from noise or other
unwanted signals.

The program of the new counter is
based on clock pulses of 0.01 second,
in contrast to the one-second intervals
of the previous model. Thus, the maxi
mum interval between display and
count is reduced to 0.01 second, re
gardless of the counting and display-

Type

time settings. Hence, idle time is less,
and the counter program is morc
efficient.

The TYPE 1150-B Digital Frequency
IVrcter provides an economical and re
liable means of frequency measurement
in the electronics industry and, with
appropriate transducers, has many ap
pljeations in general industry.

The counter is available for either
bench or rack mounting and, option
ally, with output provision for operating
the GR TYPE 1136-A Digital-to-Analog
Converter and the TYPE 1137-A Data
Printer.

-R. W. FRANK

Price

l1S0-BM
11S0-BR
llS0·BPM

l1S0-BPR

400-kc Digital Frequency Meter, Bench Model
400-kc Digital Frequency Meter, Rock Model
400-kc Digital Frequency Meier (with output for
printer or D/A converter), Bench Model
400-kc Digital Frequency Meter (with output for
printer or O/A converterl. Rock Model

$ 995.00
995.00

1050.00

1050.00

INCREASED FREQUENCY RANGE FOR THE
TYPE 1151-A DIGITAL TIME AND FREQUENCY METER

........ -----'-'-- :/i--~. ~
.. ':,""7._ ".".t'I'-" •(. ,. ...'!'!":•

.::.' • 1 -.::, -
(....., 0:-

~~ -~• .:.:::.. - ..-:.. . .-
.,9 ; ',' It.~
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The Typ>: 1151-A Digital Time and
Frequency Meter I measures frequency,
frequency ratio, period, and multiple

I R. W. Frank, "Zero to 300 kc with Five-Digit Ac
curacy," General Radio Ezperi'fMnleT, 37, 6, June, 1963.

periods and is equipped with a full
complement of input controls. Its guar
anteed upper frequency limit, formerly
300 kc/s, has been increased to 400
kc/s, with no increase in price.
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THE TYPE 1360-B MICROWAVE OSCILLATOR

An improved model of the popular
TYPE 1360 Microwave Oscillator is now
in production. Amplitude and frequency
stabilities of the carrier under square
wave-modulated conditions have been
markedly improved by a diode clamp
circuit in the klystron repeller modula
tor. In addition, regulation of the sup
ply voltage for the l-kc square-wave
generator has stabilized the modulation
frequency. These improvements are
particularly valuable to those customers
who will use the oscillator with the
TYPE 1640-A Slotted Line Recorder

I To be dellcribed in a forthcoming iuue of the Generol
Radio ELpen"mtnttr.
1 A. E. Sanderson, .. A Kew High Precision ).lethod for
the ~leasurementof the VS'YR of Coaxial Connectors,"
I HE Tran.action. on J/icrowor;c TheorJl and TtchniQ1U',
November, 1961.

Type

System.' The stringent stability re
quirements on amplitude and modula
tion frequency in this system are due to
the large available scale expansion 2 and
the narrow audio bandwidth of the
selective amplifier.

The accompanying figure is a graphic
record showing the short-term ampli
tude stability of the new TYPE 1360-B
Oscillator incorporated in a TYPE
1640-A system. The scale expansion is
1% full scale (1.01 VSWR). The line
voltage was varied from 110 to 120
volts at a rate of 1 cycle per second by
means of a Variac®autotransformer
driven by a Type 1750-A Sweep Drive.

- G. P. i\IcCo CH

Prica

1360-8

Type 1360·8 am

presence of 10-volt
peak-fa-peak line-
voltage excunions
at I-cycle rate as
measured in 0 Type . I

1640-A Slotted line
Recorder System.

Microwave Oscillator $1175.00

7
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A THREE-TERMINAL PRECISION CAPACITOR
WITH lOW TERMINAL CAPACITANCES

In any three-terminal capacitor each
terminal of the direct capacitance has
a capacitance to ground or shield whose
magnitude depends on the type of con
struction. In addition, when the direct
capacitance is variable, these terminal
capacitances are usually not constant
hut change with setting. When such a
capacitor is used as a standard in bridge
measurements or is measured on a
bridge, the terminal capacitances can,
if large enough, cause an error in capaci
tance measurement, which depends on
the degree of excellence of the guard
arrangement provided in the hridge
and on the magnitude of the measured
capacitance.

The new TYPE 1422-CL Precision
Capacitor has heen designed for those
uses where terminal capacitances are
important. Its direct capacitance range

is 10 to 110 pf; its terminal capacitances
are of the order of 30 pf and 60 pf, and
are quite constant with setting' Other
specifications, as listed below, are similar
to those of other units in the 1-122 line.
• The T1"P~ H22-CC, whieh uses a different construction.
hM a range of 5 to 110 pf bu t has much larger termin"'l
eapncitanee.

SPECIFICATIONS

min scale 33 pf

max scale 32 pf

min scale 57 pf
Low terminal to case

High terminal to case

Residual Impedances (typical):

Series Inductance - 0.14 ~h.

Terminal Capacitances-

max scale 54 pf

Insulation Resistance: Greater than one teraohm
at 23C and less than 50% RH.
Terminals: GR TYPE 874 locking-type coaxial
connectors; adaptors to other coaxial types
are available.

Acceuories Supplied: Two TYPE 874-CL58A
Cable ConnecLors.

Dimensions: Width 9.J/z, height 7, depth 8.!1i
inches (245 by 180 by 220 mm), over-all.

Net Weight: 10% pounds (4.9 kg).

Shipping Weight: 15 pounds (7 kg).

Price

Direct-Reading
(Adjustment) - 0.1 pf 0.2 pf

After scale correction
from calibration
chorl- 0.04 pf 0.08 pf

After correction from
precision calibralion
(exira charge) - 0.01 pf 0.02 pf

Direcl Capacilance Range: 10 Lo j 10 pf.

Capacitance Scale: 0.02 pf/division.

Accuracy: ± picofumds listed below or
± 0.03%, whichever is greater.

Total Capacitance
Capacitance Differences·

• Divide error by 2 when one setting is mllde at a cali
brated point.

Stability: Capacitance change per year is less
than one scale division.

Maximum Voltage: 1000 volts, peak.

Type I
1422-CL -"P-,.-',-;.-,io-n-:C=-o-p-o-,,-U-o,---------.~-t--,$-,3-,40,-.-0"-0
1422-CLP Precision Capacitor with precision calibration 390.00

8
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A Modular Design

The term frequency synthesizer can
quite properly be applied to any of a
variety of devices. For instance, a
type of radio transmitter widely used
for aircraft communications synthesizes
a large number of channels by combin
ing frequencies selected from groups
of independent crystals. Such syn
thesizers are not Hfrequency coherent,"
since the output frequency reflects
the individual errors of several crystal
oscillators. But, if each of the crystals
in the groups has adequate accuracy,
the synthesized output frequency is
accurate enough and stable enough
for the intended application.

An example of coherent frequency
synthesis is found in the circuitry
often used with atomic frequency
standards to translate the atomic reso
nance frequency to a convenient round
number, such as 5 Mc/s. Synthesizers
of this kind derive all intermediate
frequencies and the final frequency from
a single source and are thus frequency
coherent. However, since only one syn
thesized output frequency is produced,
such a device is limited to its special
purpose use.

Members of a rapidly growing class
of general-purpose frequency synthe
sizer, in which the new GR designs

figure 1Q. View of the Type 1162-A Coherent Decade frequency Synthesizer.
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belong, produce many output frequen
cies coherently from a single primary
source. Output may be at any onc of a
very large number of discrete frequen
cies, usually selectable on a decimal
digit basis. This article will describe
the outstanding characteristics and
novel features, both electrical and
mechanical, included in the first two
of a family of synthesizers now in pro
duction by General Radio Company.
Of particular note in these designs arc,
first, the use of repetitive plug-in sub
assemblies, which permit many varia
tions to suit particular requirements;
second, provision for continuous,
smooth coverage of any chosen part
of the frequency band, from very wide
to very narrow at wiII; and, third,
circuitry for the generation of precision
frequency markers. Frequencies arc
selected by means of a series of stepped
digit units, plus a continuously adjust
able decade. Remote programming
capability is standard for the con
tinuously adjustable unit; it is an extra
cost option for the stepped decades.

TYPES 1161-A AND 1162-A COHERENT

DECADE FREQUENCY SYNTHESIZERS

Frequency Ranges

Figure la and Figure 1b show the
two GR synthesizers. The physical re
semblance is no accident; the units are
designed to be nearly identical. In
fact, one can be transformed into the
other by the change of one plug-in
module.

Figure 1b. The Type 1161-A Synthe5izer is similar
in appearance 10 the Type 1162-A.

The Type 1161-A Coherent Decade
Frequency Synthesizer provides any
desired output frequency from dc to 100
kcls, with decimal-digit readout of the
selected frequency on a series of up to
seven illuminated digit dials and a
continuous-coverage dial. The smallest
digit<ll step in the fully equipped unit
is 0.0 I cis. The fine divisions on the
continuous dial, when used at the end
of the digit series, are at O.OOOI-cycle
intervals. For those who do not require
such fine digital steps, the design per
mits digit-insertion units to be omitted
at a reduction in price. Figure 2 shows
one such stripped-down model with
four digit dials plus the continuous
coverage dial. The three missing digit
insertion modules can be plugged in,
\\'henever the need arises, to upgrade
the unit to a complete instrument.

The Type 1162-A Coherent Decade
Frequency Synthesizer has output fre
quencies up to 1 ~le/s, with a smallest
digital increment of 0.1 cis and finest
calibration lines on the continuous
dial at 0.00 I-cycle intervals.

I n either synthesizer, the Continu
ously Adjustable Decade (CAD) can
be added on at the end of the series of
digital dials or, at the push of a button,
can functionally replace all digit dials
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below any chosen rank and thereby
provide wide, single-dial frequency cov
erage, remotely controlled, if desired.

By virtue of the self-calibrating fea
ture for the CAD, explained in detail
later, the partially equipped models,
such as the Type IlG2-A4C illustrated
in Figure 2, can set frequencies to morc
significant figures than the number of
dials would suggest. Thus the Type
IlG2-A4C can be set to four figures
on the digit dials and four more on the
CAD, calibrated against the digit dials,
for a total of eight significant figures.

Swept-Frequency Generation with Fre

quency Markers

The CAD dial is direct-reading; the
numbered major divisions correspond
to the digits on the step-adjustable
dials. As an additional unique and very
useful feature, built-in monitor circuits
make it possible to set the CAD dial
precisely to three or morc significant
figures, in terms of the digit dials. Provi
sions are also included for varying the
frequency of the continuous unit in
accordance with an electrical control
input. These monitoring and calibrating
circuits assist in the generation of
accurate frequency markers, at the
center frequency defined by the digit
dials and at independently chosen side

SEPTEMBER 1964 ~

Figure 2. A portiolly equipped instrument, Type
1162-A4C, top ond ponel views.

frequencies. The synthesizers thus be
come sweep-frequency generators, capa
ble of being swept with precision over
frequency bands ranging from a fraction
of a cycle to many kilocycles. Figure 3,
which will be discussed in more detail
later, is an example of this sort of
application. The 3-, 10-, and 50-cycle
passbands of the GR Type 1900-A
Wave Analyzer are shown displayed on
a storage oscilloscope, with accom
panying center frequency and side
markers at small and precise intervals

a l,SrvMARKERS
3,...., Pass Bond

1.0 ",MARKERS
3""and lO""Pass Bands

10rvMARKERS
3rv, 10""" and 501'\1 Pass Bands

Figure 3. Pass bands of the Type 1900-A Wove Analyz:er, with simultaneously generated Frequency
markers. The signal source For this measurement was (I Type 1161-A Synthesiz:er.

3
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Modular Construction

The circuits of these synthesizers
have been packaged in modules care
fully chosen as functional clements,
which can be combined in a variety of
ways to satisfy either general-purpose
or speciaiizcd requirements. The plug-in
modules are pictured in Figure -! and
are briefly described in the following
paragraphs. All module circuitry is
solid-state and is mounted on one side
only of the etched boards. For more
detailed descriptions, see page 7.

Digit-Insertion Unit-Type 1160-01-1.
This module, basic to all GR frequency
synthesizer assemblies in this series, is
used repetitively to provide selection
of each available digit. A D1-l unit
is plugged in behind each of the digit
dials visible in Figures 1 and 2.

Continuously Adjustable Decade
Type 1160-CAD. One of these units is
used in each instrument to provide
continuous frequency coverage on a
single dial over wide or narrow fre
quency regions as selected by push
buttons. It may be omitted from the
assembly where continuous coverage is
not required.

Ancillary Frequency Source-AFS. In
this assembly is the 5-:\le master
crystal oscillator from which all fre
quencies used in the synthcsi's are de
rived. It provides an additional output
at 42 :\1c/s, which is fed to all the
D1-l units and the CAD, and a
H picket fence" of frequencies spaced
100 kc/s apart between 3 and 3.9 Me/s.
This picket fence is used in each D1-l
unit for digit-selection purposes.

Calibrating Mixer-CM-l. This sim
ple module compares the output fre
quency of the CAD unit with the
dialed output frequency of any chosen
group of DI-I units for self-calibration
or marker generation. If the CAD unit
is not installed in a particular assembly,
this mixer is omitted also.

Output Mixer OM-I and Output Multi
plier-Mixer OMM-l. These modules,
mechanically interchangeable, prO\-ide
frequency translation between the syn
thesizing modules and the output cir
cuits of the Types IIGJ-A and 1I62-A
Synthesizers, respectively. Replace
ment of one by the other in the main
frame changes the instrument from a
Type 1161-A to a Type 1162-A or vice
versa.

. .

o

•
Figure 4. The basic modules of a Type 1161.A or 0 Type 1162-A Synthesizer. Left to right (frontJ.
Digit-Insertion Unit, Continuously Adjustable Decade, Power Supply, Ancillary Frequency Source;
(rear) Colibrating Mixer and Output Multiplier-Mixer. Dial light panels for a 01·1 unit and the CAD are

resting on the respective boxes.

4
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Figure 5. Top view of the Syn
thesizer chassis.

Power Supply-PS-l. This unit ac
cepts ac power from the line or de
from a 20- to 28-volt battery and sup
plies 18 volts, regulated, to operate the
synthesizer.

Figure 5 shows the main frame into
which the mod ules listed above are
plugged to make up either a Type
1l61-A or a Type 1162-A Syntbesizer.
Its deck is of Hsandwich" construction,
with banana plugs protruding down
ward to engage the power supply and
the AFS and upwards to connect with
all other modules. The frame contains
the push-button switches that control
the functional position of the CAD, the
monitoring circuits, and the final output
amplifier.

PANEl CONTROLS

frequency Selection

As may be seen in Figure I, eigh t
frequency-setting dials, with illumi
nated numbers on seven of them and a
continuously calibrated scale on the
eighth, provide an in-line readout of
the synthesized frequency to nine or
more significant figures. Behind each
dial is a digit unit. The signal flows
through this synthesizing portion of
the instrument from right to left, enter-

SEPTEMBER "., ~

ing and leaving each digit unit in
sequence.

Below each digit dial is a pushbut
ton. When one of these buttons is
pushed (and automatieally latched), an
rf s,,~tch behind it in the sandwich
deck performs the following two func
tions:

1) The output from the digit unit
above the actuated button and from all
units to the right of it is connected
to the Calibrating Mixer. (An output
of the CAD unit is permanently con
nected to the other input of this mixer.)

2) The main output of the continu
ous unit (CAD) is connected to the in
put of the group of digit units to the
left of the actuated button. The CAD
thus functionally replaces the discon
nected digit units, as regards their
contributions to the output frequency.

Operation of the pushbutton also
controls lamp switches behind the
panel to extinguish the illumination
behind the replaced dial numbers, so
that the output frequency is read from
the illuminated numbers at the left,
followed by the continuous dial read
ing, with little chance for error.

Monitor Switch and Mixer

The MOKITOR switch, in its counter
clockwise position (CAD CAL), applies
the calibrating-mixer output to the
monitor meter. The meter behaves like
an analog frequency meter when the
CAD output frequency differs substan
tially from the output frequency of the
replaced group of digit units, indicating
upscale from center. As the CAD is
tuned to within a few cycles of zero
beat, the meter follows the beats di
rectly. The CAD unit can thus be ad
justed to the frequency of any group
of replaced digits on the main dials.

5
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6

The beat frequency from the cali
brating mixer also appears at all times
on the binding posts marked D}~A'I·.

Whenever this beat frcquency is below
:,0 cis, the CAD frequcncy is equal to
that indicated by at least three figures
of the digit dials used for calibration;
if the beat is below:, cis, the CAD dial
may be relied on to fOlll' figures.

\,Vhcn the i\lONITOH switch is in its
central position (OU'I'I'U'[' VOI~,],S), the
meter measures the voltage at the main
output connector, with a scale range
from 0 to 2 volts, rms. With a "O-ohm
load or higher, the output can ahmys be
adjusted to 2 volts or morc, by means
of the QUTPVT LEVEL control, at any
frequency above 30 cis.

As will be discussed more fully later,
the master crystal oscillator may be
phase-locked to an external frequeney
standard.

When a locking signal is introduced
(through a jack at the rear of the in
strument) and the MONITOR switch is in
its clockwise position (LOCK TO EXT

STD), the meter vcrif"ics propel' phase
lock of the crystal oscillator to the
standard.

External CAD Control and Deviation

Indication

The Continuously .\djustable Decade
(CAD) can operate in either of two
modes, as selected by the coaxial lever
switch at the right of its dial. When this
switch selects the I:"lTI-:;RXAL LOCK mode,
the CAD is highly stable, since its
output frcqucney is a synthesis of a
relatively large crystal-locked frequency
and a small <.'ontribution from an LC

osc-illator.
1n the E:XTEHN.\L COi'."THOL mode, the

CAD output is derived completely from
a continuously tunable LC oscillator.

Part of the tuning capacitance is sup
plied by a voltage-controllable silicon
capacitance diode. The control circuit
is dc-coupled to the EXTERXAL CQ:'oJ'rnOL

binding posts at the left of the panel.
\Vhen the CAD is switched to the EXTER

l<AL CONTROL mode, the dial light of the
CAD is dimmed as an indication to the
operator that the switch is in this
position.

As marked on the panel, a control
signal of -0.3-volt dc will shift the
CAD frequency upward, by an amount
equal to one major dial division, from
a neutral position set by the CAD dial
itself. The unit can be swept ± 10
major divisions from any starting point
within the dial range. When such elec
tronic control is used, the beat fre
quency appearing at the BF.:..\T binding
posts is strictly proportional to the
deviation of the CAD frequency from
the digits on the replaced dials and
increases at the rate of 10 kc/s per
major CAD dial division. Since the
major (numbered) divisions on the CAD

dial correspond directly to the numbers
on the digit dial immediately above the
actuated pushhutton, a 10-kc beat note
indicates, in the Type 1161-A, an OlltPlit
frequency deviation ranging from 0.001
e/s to 10 kc/s in decade steps, depend
ing only on which pushbutton has been
pressed. In the Type 1I 62-A, the corre
sponding range is from 0.01 cis to 100
kc/s. (The minimum figures occur when
the button directly under the CA D itself
is actuated; the replaced digit in this
case is 0.)

Two other controls on the front
panel are screw-driver operated. 'The
(;HYSTAL FREQ control is a vernier on
the free-running frequency of the mas
ter crystal oscillator. Jt may be used
either to set the free-running frequency
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C)' l which remains unehanged through
all the DI-I units at .;000 his.

The second componrnt is the "signal"
component. The signal component al
ways lies bet"'een 0 and 100 krIs.

The signal component is moditipd b~'

pas&'lge through ea('h digit-insertion
unit in the following vC'ry simple ways,
as indicated in the figure. If \\'e denote
the total input frequency by

I;n~I,+I,;.. kc/s (I)

and the output frequelley by

I, .. , ~ f, + I..... , kc/s (2)

then the DI-I unit performs operations
so that:

r (+ f';"+IOI k/ (."). 'n' ~ . , ("C S ,
10

where
fin, fQl<t = total input and output

frequellcies.
fe = carrier component, invar-

iant.
fl ill = signal component of input.

f,.,,,t = signal component of out
put.

d = selected digit. from 0 to
9 in integral steps.

For cOIl\'cnienec in following fre
quency changes through the train of
digit units, we can disregard the carrier
component, sinee this passes through
unchanged. and cOll('cntratc on only
the signal component, as in equation (4).

Figure 7 shows four 1)1-1 units (A,
B, C, D), each with digits selected as
indicated, and the signal-component
How through the train, from right to
left. Observe the correspondence be
tween the signal componrnt of output
frequency from unit A (2~.:;9 kc/s) and

."...-SEl£CTEO DIGIT d

/ If.·IOd~1

..,~~:~, 16/ .,:,:..
01-1 Ui'lIT

101ft
I."",," Ii) .IOd lke/I)

figure 6. Signal traversing a
typical Digit.lnserlion Unit.

accurately against a reference 01', if the
synthesizer is phase-locked to an ex
ternal standard, to adj list for optimum
locking conditions. The other sere\\"
drh'cr control operates a switch that
changes the normal ac-coupled output
circuit to dc coupling. With dc coupling,
the output frequency can be adjusted
as low as desired, down to dc , but the
output voltage available is only about
I volt, rms. The output voltage monitor
meter is disconnected in this s\yitch
position.

\Vith these points in mind, let LIS

now proceed to a consideration of the
synthesizing principle used to attain
stepped frequency increments as small
as may bc desired.

THE SYNTHESIZING PRINCIPLE
USED IN GR SYNTHESIZERS

Each DI-1 module in the synthesizer
receives an input signal at about ;)
:\[c/s, modifies the frequency of this
signal very slightly in two steps, and
deli"ers the modified frequency (again
ncar;; )\Ic/s) as an input to the next
DI-l unit in the train. J'igurc (i is an
elementary diagram showing the essen
tial processes performed in a DI-l unit.

In Figure 6 each signal (input and
output) is shown as having a frequency
that, for convenience, may be regarded
as the sum of two components. The
first component is a Il carrier" freqllen-

or

I."",
!',n

=- +
10

10 Ii kc/s (~ )

7
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Figure 7. Signal passage
thraugh faur Digit-Insertion
Units, illustrating synthesis

of desired signal
component.

1.·~.3'iIo20

'24_39~tIa

t
=~,

OUTPUT FREOOEttCT
• 3024.39 ~<I.

I••I~ .IOd

'~"'30
-39 k<l.

SIGNAL FLOW

1"~.IOd
·O.90k<Io

f
,ilCTUAL

INPUT FREQUDH:Y
• 3000.00k<l•

the digit dial settings (2439). It is
dear that the output frequency from
any unit in such a train of digit units
will have a signal component that is,
in kilocycles per second:

where d, represents the dialed digit
on the unit at which the output fre
quency is measured, and d2 through dn

represent digits dialed on successive
units to the right.

Equation (4) defines the two funda
mental operations performed on the
signal component by each digit unit,
which permit frequency synthesis in
steps as small as may be desired. These
operations arc:

i) Divide the input signal com
ponent by 10.

.r. = lOd, + d, + 0.1 d3

+ 0.01 d. + . (5)

2) Add to this a digit component
that is 10 times the dialed digit (in
kc/s), and pass the result on to the
input of the next DI-l unit in the train.

This general principle is not new.
It was disclosed in print at least
as early as 1952' and has been util
ized in a number of modern applica
tions. 2 , 3, 4, Ii However, the grouping of
necessary circuits into a train of identi
cal digit units, each of which performs
the two listed operations, has made
possible the very versatile Types
116I-A and 1162-A Synthesizers and
forthcoming members of this family.
l AUl!tralian Patellt No. 148,412, .. Frequency Synthe
sizer," Accel>ted 29 September 1952, Amalgamated Wire
leal!, Ltd.
1 U. S. Patent No. 2,829,255," Dil(ital Frequency Synthe
sizer System," April!. 1958, V. W. Bolic.
au. S. Patent No. 2.930,988, .. Apparatus for Generating
Frequencies," "'larch 29, 1960, A. F. BolT.
I U. S. Patent No. 2,934,716, "Variable Frequency Syn
thesizer," April 26, 1960, J. W. Smith .
• U. S. Patent No. 3,125,729, .. DigitControlled Frequency
Synthesizer," March 17, 1964, Stone.(: Hastings.

OPERATiNG PRiNCiPLES
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The Digit-Insertion Unit (01-1)

The principle of the Digit-Insertion Unit i!'
the dual of that of the familiar error multiplier
Rometimes llsed to magnify sm:lll frequency dif
ferences by sucoossivc subtractions and multi
pliratiolls. In the Digit-Insertioll Unit, in con
trast, we add :Mld divide, to manufacture small
differences.

As shown at the right. of Figure 8, the tot.al
input signal to a digit unit lies between 5 and
5.1 ;\I('/s. To this is added 42 :\[C/8 generated
coherently from the master cryst:d oscillator.
To thl' resulting sum frequency, which lies be
tween 47 and 47.1 :\lc/~, is added the digit
component. The digit component may be any
one of 10 frequencies from 3.0 to 3.9 :\Ic/s in 0.1
:\[c steps. TIl(' desired digit component is se
lected by means of a phase lock between an

oscillator rough-tuned to the desired frequency
and one component of a picket fence generated
coherently from the crystal oscillator. The fUlal
sum frequency, afler this second addition, lies
between 50 and 51 Mc/s.

The output frequency from the digit unit is
one-tenth of this, and t.hercfore lies once more
between 5.0 and 5.1 Mc/s. Note that the signal
component of the total input frequency has thus
been divided by 10, as required by equation (4),
and that a dib';t component has been added,
which, in kilocycles per second, is 10 times the
di:l.led digit, as specified in equation (4).

In the D1-1 unit the division by lOis achieved
by the use of the phase-lock technique. The
tenth harmonic of the output oscillator is com
pared in a phase detector with the 50- to 51-Me
signal mentioned above, and the phase-deteetor



output locks the output oscillator at exactly
olle-tenth of this reference signal.

Both phase locks use automatically switched
low-pass filter~ in the control loop - wide band
for capture, narrow band as lock is achieved.
Automatic-sensing circuits extinguish the dial
lighting if there is no lock. The capture range
for each oscillator is so far in excess of require
ments, however, that such failure is rare.

Observe that the choice of frequencies used
in the above synthesizing process is such that
no low-order spurious products approach coin
cidence in any of the mixers. This means that
nil important spurious frequcncies are relatively
fa'r removed from the de.sil'ed signals and that
filtering rcquirements are therefore not severe.
In addition, the simple He filters in the phase
lock loops are able to remove lJny such products
not complelely eliminated by the mixer output
filler.

In Figure 8. a decade dial is shown as the fre
quency-sclecting control. In the remotely pro
grammable version of the DI-I unit. the manual
dial has an eleventh position marked "R." At
this ~tting. cont 1'01 is transferred to a rear con
nector, which allows digit selection by closure to
ground in a biquinary code,

The Continuously Adjustoble Decode (CAD)

The CAD is very similar in principle to the
Dl-1. The digit selcction uscs an oscillator COIl

tinuously adjust.ahle from 2.9 to 4.1 .Mc/s (3.0
to 3.9 corresponds to digits 0 to 9; 2.0 provides
range to -I, and 4.1 extends the high side to
II). In the INTERNAl... LOCK mode, a 5.0-1\1c in
put signal is added to 42 Mc/s to generate '17
Mc/s, crysta.l-Iocked. The digit oscillator. com
bined with this. produces a signal ranging from
40.0 to 51.1 Mc/s (of which 47 Mc/s is tied to
the masler crystal ocillator). Afler divisions by
10 by tecbniques similar to those in tbe DI-l.
the final output frequency lies bet.ween 4.99 and
5.11 Mc/s.
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In the EXTER~AL CO~TROL mode the output
oscillator is allowed to run free, under control
of a second section on the two-gang tuning ca
pacitor, Part- of the oscillating-circuit capaci
tance is !mpplied by a volt.:l.ge-variable-eapaci
t.ance diode. for external-control purposes as
described earlier.

The Ancillary Frequency Source (AFS)

As discussed above, the D1-1 and CAD units
all rcquirc an input at 42 Mc/s. and the DI-l
units additionally need a coherent picket fence
from 3 to 3.9 Mc/s. The AFS unit provides these
two input.s to. the digit units. The AFS unit also
contains the master 5-Mc crystal oscillator,
from which these signals are coherently de
rived; also included are circuits by which this
master crystal oscillator can be phase-locked
to any stable 5-Mc signal, or submultiple there
of. Isolation amplifiers make available. at rear
panel conneclors,. standard frequencies at 100
kc/s and 5 Mc/s for use in auxiliary equipment.
A j-~Ic output is connected into the sandwich
deck and hrought out at lower power level at
the rear of the deck. The 42-i\lc signal is also
available at a rear-deck receptacle.

Figure 9 is a block diagram of the AFS unit.
The primary source. at 5 :\!Ic/s, is divided to 1
~Ic/s, which is then multiplied to 42 Mc/s in
three steps. In another chain, the 1 Mc/s is fur
ther divided to lOa kc/s, where pulse-shaping
circuits and bandpass filters and amplifiers
gencratc the pickct-fellce out.put.

Isolation amplifiers are llsed liberally to pre
vent undesired reactions among the various
inputs and outputs.

Crystal Oscillator in AFS Unit

The master crystal oscillator is designed for
lemperature~oefficient turnover near normal
room-temperature ambient conditions. It is
not temperature-eontrolled but has adequate
stability for most applications when operated

,~,

fILTER
SWITCHING

Ol.l.l. P
CONTROl.

S1GHAl.. fl..OW

~~".~ $,$.11kIa

,""'..... PUfIER

~~

fllOfol ...FS

PICI<[T FENCE,-'"
~T03","'c:/I

IOO,~< $PlIoCING

Figure 8. Functional black
diagram af Digit-Insertion

Unit, Type 1160-01-1.
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10

Figure 9. Functional block
diagram of the Ancillary

Frequency Source.

under reasonably constant ambient tempera
ture; a 48-hour run on one unit, recorded con
tinuously over a weekend in winter, with build
ing heat cut back and re-established during the
period, showed variations of only 2 parts in 108•

When more stable operation is required, the
phase-locking circuitry shown in block diagram
form in Figure 9 can be used to establish a tight
lock to a more stable standard, such as the Type
1115-B Standard-Frequency Oscillator 8 (see
Figure to). The control signal, at a submultiple
of 5 1\lc/s, is first limited, and a sharp pulse is
formed. The 5-1\.1c component of this pulse is
selected in a tuned amplifier, limited by a
Schmitt trigger circuit and amplified again to
supply one input to the phase detector. The
low-pass filter in the cont.rolloop adequately re
moves low-frequpncy components that might
contribute to phase jitter.

Output Circuits

As has been seen, the output of the final unit
in the train of digit units is a signal between 5
and 5.1 ::\[c/s, which may be considered a car
rier component at 5.0 ::\1c/s, plus a signal com
ponent between 0 and 100 kc/s. In the Type
1161-A Synthesizer, the Output Mixer (OM-I)
subtracts 5.0 Mc/s from this total output fre
quency. leaving the signal component as rcsi
due. In the Type 1162-A, the final DL-l output
signal is multiplied by 10 in the Output ::\[ulti
plier-::\lixer (Oi\Dl-l). From the multiplied fre
quency is subtracted 50.0 ::\lc/s, so that, in this
case, the residue is 10 times the signal compo
nent from the last 01-1 unit, ranging therefore
from 0 to 1 ::\fC/fl, depending on dial settings_

The difference frequency in this final mix (0

• H. P. StratemeYl'r," "The Stability of Standard-Fre
quency O.scillo.tof'3," General Radio E;r;perimrnltT. 38, 6,
June 1964.

PlCKE'T FENCE
3.0-3.9 Wen
.OJ W""
TlJAU. DH UNITS

to 100 kc/s 01' 0 to 1 ::\1c/s, depending on
whether the OM-lor the O::vI~1-1 is plugged in)
is fed to the final output amplifier, which is an
integral part of the main frame. The output
amplifier, when ac-coupled, is flat within 1 dB
from 30 cis to well beyond I ::\'Ic/s. The output
impedance is low (approximately 5 ohms), and
the available output voltage into loads of 50
ohms or higher is in excess of 2 volt!:', rms.

In the dc-coupled condition, the final ampli
fier is eliminated and the output is taken, by
way of the level-control potentiometer, from
the output mixer. In this case. the output im
pedance is high and variable (from ato about 3
kilohms, depending on level-control setting).
The available open-circuit voltage is approxi
matelyl volt. The output voltmeter is dis
connected in this mode of operation.

Power Supply (PS.])

The plug-in power supply is conventional,
supplying 18 volts, regulated, to the balance of
the instrument. A toroidal power transformer,
in an A-metal case, is used to minimize stray
fields.

A special input jack permits operation of the
synthesizer from batteries, if desired. The series
regulator still functions, so any bllttery voltage
from 20 to 28 volts will provide normal opera
tion.

. . . - ~"...~-. ~ "" .•~.-:' .
~ ~'~. .--..__.' J<.

, .. .-: ..
Figure 10. View of the Type 1115-8 Stondard·

Frequency Oscillotor.



APPLICATIONS

\\"hen there is a requirement for pre
cision frequencies selectable at will,
the combination of a st.ablc, free-run
ning, adjustable oseillator and a fre
queney eounter will often fill the bill,
providing one is willing to monitor the
oseillator for short- or long-term drift
and correct its tuning as required. On
the other hand, wherever an adj ustable
oscillator and a frequency counter can
do a precision frequency-generating job,
a deeade synthesizer will do the job
better and more reliably.

Frequency Measurement

In addition to its primary role of
frequency generation, a synthesizer will
often be found most useful in frequeney
measurement by heterodyne techniques.
A Lissajous figure between a frequency
to be measured and a standard fre
quency from a synthesizer will provide
information on a continuous basis (and
without any :::l:::: 1 count uncertainty),
instead of as averaged over the counting
interval of a frequency counter. This is
particularly useful in working with low
frequencies, where it is necessary to
use multiple-period measurements to
achieve accuracy with a counter.

As an illustration, I periodically
measure the tuning-fork frequency of
my Accutron* wrist watch (nominal
frequeney 360 eycles PCI' second) by
forming a 2-l0-to-l Lissajous pattern
with 86,.100.00 cjs from a Type 1161-A
Synthesizer. On this display, a fre
queney dedation as small as a part per
million can be obselTed instantaneously.

The above comments and examples
could, of course, apply to any synthe
sizeI' capable of sufficiently fine fre
quency steps. The G R synthesizers,
• Regi8tered trademark of the Bulon" Watch Company.
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howc\'cr, offer operational possibilities
not available, to my knowledge in any
other deviee of this general character.
These advantages acerue from the
unique circuitry previously described,
whieh permits the CAD unit to replace
a group of digits (as seleeted by push
buttons) and, simultaneously, to pro
vide a highly magnified measure of the
departure of the output frequency from
that displayed on the digit dials, as the
CAD frequeney is adjusted either man
ually or eleetrically.

This feature can be used to advan
tage in measurement of the frequency
characteristics of selective passive net
works. It is also most useful in the study
of frequency drift or of other ehanges in
active frequeney sources, such as pre
cision crystal oscillators.

Measurement of Active Frequency Sources

Figure IJ is a block diagram, showing
how very small frequency changes in a
frequency source can be tracked and
recorded. The unknown frequency, Ix, is
compared in a phase deteetor (on a
I-to-I 01' n-to-I basis, 01' by heterodyn
ing) with the output frequency, !o, from
the synthesizer. The dc voltage gen
erated in the phase detector is connected
to the EXTERKAL CAD COXTROL input
of the synthesizer so that the syntbe
sizer output automatically tracks the
unknown frequency.

I, GR SYNTHESIZER

OTERNA!. CXXXXXXXJ~o,.,
CONTROl. ......

0000000

'.
TYPE 1142_,1. FREOUENCY "lETER

AND DISCRIMINATOR

"" ~L ,
1 lYF't: '~k;:;:;~C lEvEl i
,- • J

Figure 11. Method of tracking and recording the
drift of on unknown frequency, f:te .

11



~ GENERAL RADIO EXPERIMENTER

Figure12. Suggelted circuit for
generating center.frequency
marker and side morkers, for

use with slow sweeps.

12

The monitor frequeney from the BEA'I'

terminals is measured or recorded. As
the synthesizer output frequency varies
in response to changes in the unknown
frequency, the beat output varies pro
portionately, at 'what may be a very
highly magnified rate, depending upon
whieh button has been pusbed. For
example, if the drift is small, the X 1
CPS button might he used. In this ease,
a ehange of 1 e/s in the synthesizer
output would produce a 10-ke change
in the reeorded beat frequeney - a
magnification of 10'. Smaller or greater
magnifications can be used, as re
quired, merely by operation of other
pushbu ttons.

Measurement of Passive Selective Net·

works

Figure 3 was noted briefly at the
beginning of this article as an example
of swept frequency analysis of sharply
selective circuits, with self-generated
markers. The traces of Figure 3 were
obtained with tbe help of the circuit
shown in Figure 12. This circuit was
breadboarded for the purpose and is not
available in packaged form, but it can
be easily duplicated. In Figure 12, the
signal from Bl~AT, after a low-pass filter,
is rectified to produee the eenter
frequency marker occurring when the
CAD frequency equals the replaced
digit frequeney.

Side markers are produced wben the
frequency at BEAT is equal to a fre
quency injeeted from the side-marker
oscillator. Since we have the general

rule that the frequency at B1~A'l' changes
at the rate of 10 kc/s per major CAD
division (see page 6), a side-marker
oseillator frequeney of 10 k/cs will
produce a secondary marker whenever
the CAD frequency is removed by one
major division from that shown on the
replaced digit dials. (A 15-kc side
marker signal thus produces markers at
::l: 1.5 divisions, etc).

To produce the traces of Figure :',
a slowly varying dc voltage (obtained
from a battery connected across a va
riable resistor with grounded center
tap) was applied to the EXTERl'AL CAD

COl\TROL connector and also to the hori
zontal input of a storage oscilloscope.
The output of the synthesizer fed the
Type 1900-A Wave Analyzer, and the
analyzer output, rectified after passing
through the internal selectivity, was
eonnected to the vertical input of thc
oscilloscope on channel :\0. I. The out
put of the marker generator was con
nected to channel 1\:0. 2, at the bottom
of tbe oscilloscope face.

For tbe display of the 3-cyele pass
band in Figure 3a, the pushbutton
under X 1 CPS was operated, and the
side-marker oscillator was set at L'l
kc/s, so that the first pair of side
markers oceurred at ± 1.5 c/s. (The
second and third pair of markers are
at ±3 c/s and ±-l.5 e/s, by harmonic
mixing in the marker generator.)

In Figure 3b (showing botb the 3
and lO-cycle pass bands) tbe side
marker oscillator was set to 10 kc/s,
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Other Applications

The availability of versatile syn
thesizers such as those here described
and their lineal descendants will un
doubtedly generate a myriad of uses be
yond the simple examples noted above.
For instance, they can be incorporated
in phase-locked loops to control the
frequency of microwave oscillators.
Narrow-band frequency or phase-modu
lation applications represent another
fertile field, Transmitter-exciter or re
ceiver-local-oscillator uses are of course, ,
obvious. By relatively simple eircuit
modifications, two-phase outputs or
outputs with fixed-frequency difference
can be achieved. As these synthesizers
come into general use, General Radio
Company will ,velcome suggestions for
auxiliary equipment that will facilitate
still more varied applications.

- A'I'HEHTON NOYES, JH.

CREDITS

The Synthesizers described here would not
have been possible without the enthusiastic
efforts of George H. Lohrer and Charles C.
Evans, who are responsible for a major portion
of the eleetrif'al design. William F. Byers
has also been an active participant in 'this
program, particularly in connedion with t..hings
:ret to come.
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Figure 13. 3-cyde p.ass ban~ of the TYP~ 1900-AWave Analyxer recorded by the Type 1521_8 Graphic
Level Recorder, equipped with an experlmentol plug-in for generating a sweeping voltage. Frequency

markers were generated automatically by use of the circuit shown in Figure 12.

and markers thus occur at J-cycle in- the recorder def1ection is strictly pro
tervals. The sweep width is the same portional to frequency, independent of
as in Figure 3a. variations or lack of linearity in the

In Figure 3c, the only change is sweeping input.
that the button under X 10 CPS has
been pushed, so that the sweep width
and marker spacing are ]0 times as
great as in Figure 3b.

Permanen t records on strip charts
can also be obtained by these methods.
Figure 13 shows the 3-eycle pass band
of the Type 1900-A Wave Analyzer
recorded in this way. The source of
sweeping voltage was an experimental
plug-in for the Type 1521 Graphic Level
Recorder, consisting of a variable re
sistor geared directly to the paper
drive. In this arrangement, the wide
range logarithmie output of the rc
corder can be used to record the skirt
selectivity.

Similar recordings can be made with
the help of an x-v recorder. The de
flection on one axis can be made pro
portional to the frequency appearing
at BBAT (by a frcqucncy-to-voltage con
verter such as the GR Type 1142-A, for
instance). The deflection on this axis
is thus proportional to the frequency
difference from that shown on all the digit
dials, with scale faetor as selected by
pushbutton. The CAD can be swept
manually or electrically; in either case

13
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SPECIFICATIONS

Frequency Range: Type 1162-A, 0 to I :\Jc/s;
Type 1161-A, 0 to 100 kc/s.
CAD Dial Calibration: Type 1162-.'\, 0.001 cIs
per division; Type 116I-A, 0.0001 cIs per
division.
Other Outputs: Type llG2-A, 0.1, 1,5,42, and
50 .\'lc/s; 5.0-5.1 und 50-51 )'1('/s; 18 volts dc.
Type 1161-A, 0.1, 1,5, and 42 :\Jc/s; 5.0-5.1
[\Ic/s; 18 volts dc.
Spurious Frequencies: Type llu2-A, at least
60 dB down. Type 1J61-.\, at leHst 80 dB down.
Hormonics: At least 40 dB down.
Output level: Adjustable, 0 to 2 volts into 50
ohms. Output t·()Iltrol and meter included.
Output Response: ±I dB, 50 cIs to maximum
frequency. Output also available down to dc
at high impedance and lower voltage.
60- and 120-Cycle Sidebands: At least 60 dB
down (Type II u2-A), at least 80 d B down (Type
I luI-A).

Internol Stondord: Room-temperature crysbll
osl.illator. Temperature coefficient of frequency
is approxim~ltcly 1 x 1O-1;oc at room tem
perature. A front-panel frequen('y adjustment
is provided. Crystal frequency can be locked
to external standard.
Power Required: 115/215/2:{0 volts, 50 to 60
c Is or 400 (' Is, 55 watts, or 20- to 28-volt
battery, 1.8 amperes.
Cabinet: Rack-hench: end fnlmes for bench
mount and fittinbrs for rack mount are in
cluded.
Dimensions: Bench model - width 19, height
5~, depth 14 1 :! inches (485 b.\· 1:~5 by ;HO
mm), over-all: r:lck model-panel 19 by
5}( inches (485 hy 1:35 mm), depth behind
panel l;~ inches (;t~O mm).
Net Weight: ;~8 pounds (17.5 kg).
Shipping Weight: ·15 pounds (20.5 kg).

TYPE 1162-A COHERENT DECADE FREQUENCY SYNTHESIZER 0 to Me/s

Calibrated Dif)iu
Smallest Step

Type ("nits Induded Decades Only Decades + CA D* (Diqils Only) Price

1162-A7C 7 01 Units + CAD 7 9 0.1 cIs $5600.00
1162-A6C 6 01 Units + CAD 6 8 I cIs 5160.00
1162-A5C 5 01 Units + CAD 5 7 10 cIs 4720.00
1162-A4C 4 01 Units + CAO • 6 100 cIs 4280.00
1162·A3C 3 01 Units + CAD 3 5 1 kcls 3840.00
1162-A7 7 01 Units 7 0.1 cIs 5100.00
1162-A6 6 01 Units 6 I cIs 4660.00
1162-A5 5 01 Units 5 10 cIs 4220.00
1162-A4 .4 01 Units 4 100 cIs 3780.00
1162-A3 3 01 Units 3 1 kcls 3340.00

TYPE 1161-A COHERENT DECADE FREQUENCY SYNTHESIZER 0 to 100 kc/s

Calibrated Digits
Smallest Step

Type Units In.clluled DeclUles Dilly Decades + CA D* (Digits U,~ly) Price

1161-A7C 7 01 Units + CAD 7 • 0.01 cIs $5460.00
1161-A6C 6 01 Units + CAD 6 8 0.1 cIs 5020.00
1161-A5C 5 01 Units + CAD 5 7 1.0 cIs 4580.00
1161-A4C .4 01 Units + CAD 4 6 10 cIs 4140.00
1161-A3C 3 01 Units + CAD 3 5 100 cIs 3700.00
1161-A7 7 01 Units 7 0.01 cIs 4960.00
1161-A6 6 01 Units 6 0.1 cis 45'20.00
1161-A5 5 01 Units 5 1.0 cIs 4080.00
1161-A4 .4 01 Units • 10 cIs 3640.00
1161-A3 3 01 Units 3 100 cIs 3'200.00

• Direct readin.l!:. If CAD is C3libr'ated in tefms of the lHCP dtX:ad~.

Ilot least one morc si~nificarH figure el\n be addeo:l.

DECADE MODULES

14

Type

1160-01-1 Step Decade
1160-CAD Continuously Adjustable Decade

(Including Calibroting Mixer)

U. S. Patent No. 2,518 ..157. Patents Pending.

Price

$450.00
510.00
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NEW TALENTS

FOR THE GRAPHIC LEVEL RECORDER
The Type I;;21-A Graphic Level Re

corder l has, in the five years since its
introduction, seen service in many
branches of physical sciences and engi
neering..\ successor instrument. the
Type 1;,)21-B, now offers specialists in
acoustics, yibration. and sonar a lo\\'
frequency response extended down to 7
cycles ppr second. 8m'eral new ac
cessories arc also being added to the
growing line of equipment designed to
ensure propel' usc of the recorder with
various General Radio analyzers and
signal sources. To simplify the job of
choosing the right accessories, we arc
now listing, under distinct type num
bers, measurement systems including
analyzer or oscillator. recorder, and the

:-'1. C. Holtje and 1\1. J. Fitzmorris, "A Graphic !.A'\'cl
Recorder with High Sen,.iti\'ity and Wide Ranges."
General Radio Ji,';rperimenter. 33. G. June 1959.

appropriate link and drive units, rhart
papel', and other accessories.

The Type \.;21-B c: raphic Level 11e
corder is, like its predecessor, a com
pletely transistorized. single-channel,
sen'o-type recorder. ,,'hieh plots the
rms magnitude of an ac "oltage on a
logarithmic (dB) scale, Plug-in poten
tiometers pl'odde full-scale ranges of
20, -l-O, and 80 dB, as well as a linear
range for de recording, Recordings can
be made as a function not only of time
but also of frequency if the recorder is
mechanically coupled to an oscillator
or analyzeI'. This technique produces
frequency-rcsponse plots automatically
in a mattcr of seconds.

Frequency Response and Writing Speed

The low-frequenc)' response of the
new recorder is less than 0.1 dB down at

Figure I. View of the Type 1521·B Graphic level Recorder.

15



~ GENERAL RADiO EXPERIMENTER

Figure 2. Low-frequency response of the Graphic Level Recorder for various posi
tions of the low-frequency cutoff switch.

20 cis, less than I dB down at 7 cis,
and :3 dB down at L, cis (see Figure 2).
This extended low-frequency response
requires a greater detector time con
stant, rcducing the ability of the re
corder to follow rapid changes in level.
Therefore, writing speed and detector
time constant are switched together, so
that the user can improve low-fre
Quency response at the expense of

.......----TABlE 1-------,

WRITING SPEED AND
LOW-FREQUENCY CUTOFF

Writing Speed
i'l/sec

20
10
3
1

..
-ro, .

• _ ........,... ............... ,j, 00 __

writing speed or vice versa. Table I
shows the fOllr writing-speed positions
and their corresponding cutoff frequen
cies. This information is engra \-ed 011

the front panel.
The sine-wave frequency response for

the three low-frcqucncy cutoffs is shown
in Figure 2. For audio-band sweeping.
the 20-cycle cutoff position is usually
satisfactory. For greatcr accuracy at
low frequencies, the 7-cycle cutoff must
be used, but the reduced writing speed
rcquires correspondingly low sweep
speeds. Above 50 e/s, the writing speed
and sweep speed can be increased
during sweep to minimize over-all
sweep time and crror.

Figure 3 shows the response of the
recorder to a ~-octave band of noise.

.:.i' .

_O'CV ........OUI.O' ... 0_ 01000

Figure 3. Low.frequency re5pon5e of the Graphic Level Recorder to Y3·actave bond
of pink noise, with a writing speed of tin/sec.

16



ACCESSORIES
Potentiometers

A 40-dB potentiometer is supplied;
20-dB, 80-dB, and linear potentio
meters are available as accessories.

Motors

Accessory motors (;;O-cycle and 60
cycle) are available for slow-speed and
medium-speed chart drive. The slow
speed motors produce chart speeds of
2.5 to 75 in/hr, a reduction by a factor
of 60 from the speeds available with the
standard high-spced motor. The new
medium-speed motors, Type J521-P23
(60 cis) and Type 1521-P24 (50 cis),
arc especially recommended for use with
analyzers. The speed at which an
analyzer can be swept is inversely
proportional to its bandwidth. The
Type 19OO-A Wa\'e Analyzer has a
constant bandwidth of 3, 10, or ,'50 cis
and therefore requires a constant sweep
speed over the full 0- to 50-kc band
width of the instrument. These new
motors provide chart speeds of 0.5 to
J5 in/min, speeds idcally suited to the
J0- and 50-cyclc band wid ths.

With the constant-percentage-band
width Type J564-A Sound and Vibra
tion Analyzer, the slowest speed of the
medium-speed motor (0.5 in/min) is
recommended for sweeping near 4.5 cIs.
The sweep speed can then be increased
to 5 in/min or more on the 25- to 250
cycle range.

The mounting of the new motor has
been designed to reduce the coupling
of the motor noise to the gear box.
The resulting acoustic noise is prac
tically inaudible, an important con
sideration for acoustical measurements.

Drive and link Units for Automatic Plotting

The new Type J521-PlOB Drive
Unit (Figure 4) is designed to couple the

SEPTEMBER 196. ~

recorder to all General Radio oscillators
and analyzers. When attached to the
front of the recorder, it is used, in coo
j unction with a link unit, to couple the
chart drive of the recorder to the dial of
the frequency source or analyzer (see
Figure 5). A continuous-adjustment
clutch permits the recorder to be syn
chronized with the oscillator (or anal
yzcr) dial in the idle position and then
engaged in the DHIVE or NON-SLIP

position. 'I'he DRIVE position includes a
slip feature that will protect an instru
mcnt containing a dial stop (c.g., the
older Typc 1554-A Sound and Vibra
tion Analyzer and older models of the
Type J304-B Bcat-Frcquency Audio
Generator). The NOS-SLIP position is
recommcnded for use with the Type
1900-,\ Wave Analyzer and other in
struments requiring greater driving
torque.

Cam-operated switchcs in the new
drive unit turn the recorder motor off
at the beginning and end of a sweep.
A switch in the recorder can engage or
disengage thc Microswitches. Thcse
cams are easily set and do not have to

Figure 4. View of
the Type 1521-P10B

Drive Unit.

17
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be disengaged mechanically when they
are not being used.

The new Type J.WI-Plj Link Unit is
used to connect the recorder and drive
unit to the Type 130,l-B Beat-Fre
quency Audio Generator or the Type
1554-A or 156,1-A Sound and Vibration
Analyzer. (The Type 1900-A Wave
Analyzer is coupled by the Type
1900-Pl Link Unit.) The new link unit
includes a 24-tooth sprocket to provide
a scale factor of 30 dB/decade. (Scale
factor, for a logarithmic chart, is the
product of dB/in on the vertical scale
and in/decade of frequency on the
horizontal scale, expressed in dB/dec
ade.) This scale factor is endorsed
in the current EIA standard and is used
on the GR Type ),;21-9,127 chart paper
used with the Type 130,l-B Beat
Frequency Audio Generator. Because
many users have expressed preferences
for other scale factors, we have designed
the new unit for easy interchangeability
of sprockets, and we are making avail-

Figure S.
View of the Type 1350·A

Generator-Recorder Anembly.

able a kit (Type l.j21-PI6) that 111

eludes sprockets with 16, 20, 32, 36,
and ,10 .teeth. The 16-tooth sprocket,
used with the Type 156,l-A Sound and
Vibration Analyzer and with our Type
1521-9,169 chart paper, results in a
seale factor of 50 dB /deeade.

Table II lists the seale factors corre
sponding to the various sprockets in the
sprocket kit, along with the industries

18

TABLE II INDUSTRY SCALE FACTORS
Decade

Scale Factor Length (inches) .for Sprocket Pot
Industry Standard (dB / decode) Type 1304 Generator (teeth) (dB)

Institute of High
Fidelity ;,lanufaeturers 20 2.0 16 ,10

Proposed International
Standard 9- 9 - 20 ,10_0 _.0

Electronic Industries
Association 30 3.0' 2,1 ,10

Institute of High
Fidelity ~lanufaeturers 20 4.0 32 20

Hearing Aid Industry 45 4.5 36 40
Proposed In ternational

Standard 50 5.0 40 40
Proposed International

Standard 50 5.0'· lG 40
• Charts.aper twailable for Type 1304-8 Beat·Frequency Audio Cenerator.
•• Deea e length applies to Type J5G4-A &mad and Vibration Analyzer; cbart paper available.



supporting these scale factors. Although
we currently catalog chart paper for
only the 30- and 50-dB/decade scale
factors, we shall be glad to recommend

SEPTEMBER 1964

other suppliers to users sending us a
description of the chart desired, in
cluding decade length, vertical scale,
etc.

MEASURING AND RECORDING ASSEMBLIES

The recorder can be used in conjunction
with an oscillator or analyzer to plot directly
frequency-response data of networks or sys
tems. The setup for these measurements re
quires the recorder, an oscillator or analyzer,
11 drive unit, and a link unit. This equipment
is assembled and supplied as a I.:omplcte system
under a separate type number. The user will
find it advantageous to purchase the system
in this manner, since our recommended com
bination of instruments, part.s, and chart p..'lper
will automatically be supplied.

Type 1350-A Generator-Recorder
Assembly

This is 11 most useful automatic system for
measuring the audio-frequency characteristics
of filters, attenuators, networks, loudspeakers,
microphones, transducers, and complete ncous
lic systems (see Figure 5). The Type l304-8
Beat-Frequency Audio Generator is an ideal
oscillator for such measurements, since it has
a truly log-arithmic frequency diul and un out
put-voltage variation of lcss than 0.25 dB as the
oscillator is swept. Examples of measurements
made with this system are shown in P'igure 8.
Kotice the impracticability of a point-by-point

frequency-response plot of the sound level in a
room.

In addit.ion to the generator and recorder,
the Type l350-A Generator-Recorder includes
drive and link units, a kit of sprockets, and a
muting switch. The switch short-circuit.':! the
output of the oscillator during the blank part
of the dial or at low frequencies, so that loud
speakers or systems can be protected while the
recorder is continuously swept. Because the
blank parts on the chart paper correspond to the
length of the blank portion on the dial, succes
sive charts can be recorded with synchroniza
tion of the chart and the dial frequency.

Type 191 O-A Recording Wave Analyzer Z

The linear frequency scale, the three band
widths (3, LO, and 50 cis), and the high-level
SO-dB dynamic-range output of the Type
1900-A Wave Analyzer make it an ideal com
panion instrument for the Type 1521-B Graphic
Level Recorder (see Figure 6). An example
of a measurement made with the Recording
\\"ave Analyzer is shown in Figure 9.

! Arnold Peterson. "New \Vave Anlllyr.er Has 3 Band
width~. SO-dB Dynamic Range," Gcneral Radio ELperi
menter, 38. 4. April 19M.

figure 6. View of the Type 1910-A
RecordingWave Anoly:rer.

Figure 7. View of the Type 1911-A
Recording Sound and Vibrotion Analy:rer.
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Figure 8. Records of the frequency response of a public oddreu system, token with (fop) maximum
writing speed and (below) minimum writing speed.

o

RECORDED I-_c TONE

RECOROED I-kC TONE

MODUl,AT10N NOISE

,
fREQUENCY IN KC

RESPONSE IN DB
MOOULATION NOISE

,
fR£OUEHC1' IN ItC

Figure 9. Charls of modulation noise on a l·kc tone for two different types of magnetic tope. Note thot
one is about 10 dB beller thon the other. Such measurement can be mode easily with the recording
analyzer, owing to the 80·dB dynamic ronge. For these records, chort speed wos 2.5 inches per minute;

writing speed, 10 inches per second; bandwidth, 10 cIs.

0.1,.-,II·'· ......1"'_.'

I~.·
JL>..":;"

.00
~""""""".D'JI." Q- Q_

Figure 10. Chort record of a vibrotion occelerotion spectrum meosured on 'he chauis of a calculating
mochine. For this meosurement a high-frequency vibration pickup is used.
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Figure 11. Retording of noise level in a cafeteria with both fast ond slow writing speeds and 40-dB
potentia meter.

Type 1911-A Record;ng Sound ond V;bro
tion Analyzer

This assembly is based on the TYlle 156-1--A
Sound and Vibration Analyzer', which has
constant-l>ercentage bandwidths of %and 1/10
ocLave and a frequency range of 2.5 to 25,000
cis (Figure 7). This analyzer includes two
features especially important in recording: an
automatic frequency-range-ehanging device and
a built-in muting switch that ~horkircuit'3 the
output during the bl<l"nk part of the dial. The
extended low-frequency response of the new
recorder grctl.tly enhances its usc with the Type
1564-A Sound and Vibration Analyzer for

J W. R. Kundert, "New PerrormaIlcc, Nell' CO~,v~niCTlell
with the New Sound and VihratlOn Analy~er. Gen"rtll
Radio ELlfflrimenler, 37, V and 10. September-October
1963,

vibration measurements. The recorder can be
used down to -:1.5 cis (3 dB down) if a response
plot of the recorder itself is first made and then
compared with the re.cording made with the
analyzer. F'igure 10 is ,til example of a recorded
vibration measurement. Another example is
ollr reduction of the acollstic noise in the chart
drive i:lyHtcm of the recorder itself. The recorder
analyzed its own l.u:oustic noise with the Type
156+-A Hound and Vibration Analyzer and
a sound-level meter. The resulting data. were
observed for peaks in sound level. These were
found to be the fourth and fifth harmonics of
the motor pinion gear mesh, amplified by the
gear-box mounting phle. l.solating the molor
from the gear box solved the problem, reducing
the noise until it was practically inaudible in
It quiet room.

Figure 12. View of the Type 1521-B Graphic Level Recorder
with the Type IS51·C Sound-Level Meter.

Figure 13. View of the Grophic level Recorder
bench.mounted with the Type 11 Sl-AP Digital
Time and Frequency Metei'" and the Type 1136-A
Digital-to_Analog Converter.

21



GENERAL RADIO EXPERIMENTER

level-vs-Time and DC Recording

The Type 1521-B Graphic Level Recorder,
like its predecessor. can also be lIsed for level
vs-time recordings, as, for instance, in the meas
urement of sound level over long periods of
time (see Figures 11 and 12). In addition. the
Type 1521-B Graphic Level Recorder can be

converted to a I-rnA dc recorder by means of
the Type 1521-P4 Linear Potentiometer. The
high speed and accuracy of this servo-type de
recorder make it useful with the Type 1136-A
Digital-to-Analog Converter and the Types
J 150-AP and 1151-AP Counters (see Figure 13).

- :'IIA RTI" W. BASCH

SPECIFICATIONS
Recording Range: As supplied, ·10 dB full-scale;
20-<1 Band 80-dB rangcs are also available. For
de recording, 0.8 to 1 volt (0.8 to J.O rnA)
full-scale, with zero input position adjustable
over full scale.
Frequency Response and Writing Speed

Level Recording: High-frequency response
±2 dB to 200 kc/s. Low-frequency sine-wave
response depends on writing speed, as shown
in following table:

Price

Medium-speed motor (supplied on request):
0.5, l.5, 5, 15 in/min. Used with analyzers and
in level-vs-time recordings.

low-speed motor (supplied on request): 2.5,
7.5, 25, 75 in/hr. Used for level-vs-time meas
urements of long duratiun (I to 2-1- hours).
External DC Reference: An external dc reference
voltage of from 0.5 to l.5 V can be applied
internally to correct for variations of up to 3
to 1 in the signal source of the system under
test.
Detector Response: Rms within 0.25 dB for
multiple sine waves, square waves, or noise.
Detector operating level is 1 volt.
Chart Paper: 4-inch recording width on 5-inch
paper. All rolls are 100 feet long. See full list of
charta at end.
Accessories Supplied: 40-<18 potentiometer,
2 pens, 2-ouncc boUle of red ink, 2-ounce bottle
of green ink, bottle of potentiometer cleaner,
I roll of Type 1521-9-128 paper, droppers for
filling pens, Type CAP-22 Power Cord, spare
fuses, adaptor cable for connection to sound
measuring equipment and to other devices
having telephone jacks.
Accessories Available: Potentiometers, charts,
ink, high-, medium- und slow-speed motors,
drive und link units, as listed in price table.
Power Requirements: 105 to 125 (or 210 to 250)
volts, 60 cis, 35 WftttS. 50-cycle models are
available.
Cabinet: Rack-bench.
Dimensions: Bench model- width 19, height
9, depth U~ inches (485 by 2.!0 by 350 mm),
over-all; rack model- panel 19 by 8% inches
(485 by 225 mm), depth behind panel 11~
inches (290 mm).
Net Weight: 50 pounds (23 kg).
Shipping Weight: 62 pounds (29 kg).

Supply Paper
Frequency Speed

Low-Frequency
Cutoff cis (less
tha,t 1 dB down)

Mounting

20
10

3

Type

Irriling Speed (approx)
itt/sec with D.l-inch

overshoot
100

20
7

(3 dB do.....n ot 4.5 cIs)
7

(3 dB do.....n ot 4.5 cIs)
DC Recording: 3 dB down at 8 cis (peak-to

peak amplitude less than 25% of full scale).
Potentiometer linearity

20-, 40-, 80·dB Potentiometers: ±1% of
full-scale dB value plus a frequency error of
0.5 dB at 100 kc/s and 1.5 dB at 200 kc/s.

Linear Potentiometer: ± I % of full scalc.
Resolution: ±0.25% of full scale.
Maximum Input Voltage: 100 volts ac.
Input Attenuator: 60 dB in 10-dB steps.
Input Impedance: 10,000 ohms for ae level record
ing; WOO ohms for dc recording.
Maximum Sensitivity: I mV at 0 dB for level
recording; 0.8 V full-scale for de recording.
Paper Speeds

High-speed motor (normally supplied): 2.5,
7.5,25, 75 in/min. Used for high-speed-transient
measurements and production testing with
Type 1~0-1 Audio Generator.

1521-6R
1521·BM
1521-BRQl
1521-BMQ1

Rock
Bench
Rock
Bench

60 cis
60 cis
50 cis
50 cis

2.5·75 in/min
2.5-75 in/min
2.5-75 in/min
2.5-75 in/min

$995.00
995.00
995.00
995.00

DRIVE AND LINK UNITS FOR COUPLING TO GENERATORS AND ANALYZERS

1521-PT06
1521·P15

1S21_P16

1900·Pl

Drive Unit to operate any link unit
link Unit for coupling to Type 1304·B Beat-Frequency Audio Generator
or to Type 1554·A or Type 1564·A Sound and Vibration Analyzer
Sprocket Kit for above link unit. These sprockets offer a choice of the fol
la ..... ing scale factors (ratio of dB/inch verticol scale to decades/inch on
horizontal scole): 20, 25, 45, and 50 dB/decade.
Link Unit for coupling to Type 1900-A Wove Analyzer

$72.00
26.00

15.00

3S.00
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CHART PAPER

e

5

5
5
5
5
5
5
5
5

Calibr lion Chart Len th(in) Associated
Type Iforizontal Verlical(Di/!) Calibrated Blank Instrument Pric

1521-9427 20 c/s-20 kc/s, log 80 9 4;12 130.4-B Generator $2.7
1521-9464 0-10 kc/s, linear 40 20 0 1900-A Analyzer 2.7
1521-9465 0-50 kc/s, linear 40 16 0 1900-A Analyzer 2.7
1521-9493 2.5-25 normalized, log 40 7;12 1 ;12 156.4-A Analyzer 2.7
1521-9469 2.5-25 normalized, log 40 5 1 156.4-A Analyzer 2,7
1521-9463 2.5 c/s-25 kc/s, log 40 18 3 1554-A Analyzer 2.7
1521-9429 25·7500 cis, log 40 12;12 1 760-B Analyzer 2.7
1521-9428 Continuous 1,4-in div 40 continuous 2.7

1521-9466 Continuous ¥a-in div 50 continuous
113.4-A, 1136-A
O/A Converters 2.7

Type MOTORS P.rice

1521-P19
1521-P218
1521-P23
1521-P24
1521-P20B
1521-P22

(high-speed, 60 cis) for paper speeds of 2.5 to 75 in/min
(high-speed, 50 cis) for paper speeds of 2.5 to 75 inlmin
(medium-speed, 60 cis) for paper speeds of 0.5 to 15 in/min
(medium-speed, 50 cis) for paper speeds of 0.5 to 15 in/min
(low-speed, 60 cis) for paper speeds of 2.5 to 75 in/hr
(low-speed, 50 cis) for paper speeds of 2.5 to 75 in/hr

$59.00
65.00
59.00
65.00
59.00
65.00

RECORDING ASSEMBLIES
Factory assembled and ready to use. End frames and rack supports

supplied for bench or relay. rack mounting.

Wave Analyzer

to 40-dB Potentiometer included with recorder)
Type 1560·P95 Adapter Coble (phone to double
plug)

1910-A

1910-AQ

Type 1910-A Recording

Component Units
Type 1900-A Wove Analyzer
Type 1521-B Graphic Level Recorder with me
dium-speed motor and recorder accessories
Type 1521-P10B Drive Unit
Type 1900-P1 Link Unit
Type 1521-9464 Chart Paper, \0 rolls
Type 1521-9465 Chart Paper, 10 rolls
Type 1521-P3 aO-dB Potentiometer linaddilion)

'l'ype

Recording Wove Analyzer
(60-cycle supply)

Recording Wove Analyzer
(50-cycle supply)

Price

$3500.00

$3500.00

Coble, double plug

Price

$2315.00

$2315.00

Recording Sound and Vibration
Analyzer (50-cycle supply)

Recording Sound and Vibration
Analyzer (60-cycle supply)

Type

1911-AQ

Type 1911-A Recording Sound and Vibration Analyzer

Type 1560-2141 Adaptor
to offset phone plug

Component Units
Type 1564-9820 Sound and Vibration Analyzer,
Rock Model
Type 1521-B Graphic Level Recorder with

medium-speed motor and recorder accessories
Type 1521-P1 OB Drive Unit
Type 1521-P15 Link Unit (with interchangeable

16- and 24-tooth sprockets)
Type 1521-9469 Chart Paper, 10 rolls

PriceType

Type 1350-A Generator_Recorder Assembly

Type 274-NP Patch Cord, double plug to double

plug
Component Units

Type 1304·B Beat-Frequency Audio Generator
Type 1521-B Graphic level Recorder and re
corder accessories
Type 1521-P10B Drive Unit
Type 1521-P15 link Unit
Type 1521-P16 Sprocket Kit
Type 1304-P1 Muting Switch
Type 1521·9427 Chart Paper, 10 rolls
Type 1560-P95 Adaptor Coble, phone to double

plug

1350- A Generator-Recorder Assembly
(60-cycle supply) $2000.00

1350-AQ Generator-Recorder Assembly
(50-cycle supply) 2000.00

The Type 130·1-1'1 i\Iuting S" itch supplied with the Type
1350-:\ assembly is available sepamtely for 537.50.
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Coming in September

ELECTRONIC INSTRUMENT MANUFACTURERS' EXHIBIT
Boston to Washington, D.C.

N inc leading manufacturers of elec
tronic instruments have joined together
to present the Fifth Annual Elec
tronic Jnstrument ~lanufacturers' Ex
hihit (EI IE), which will open Septem
ber 21 in :Massachusetts, make six
one-day stands in New York, :\'ew Jer
sey, and Pennsylvania, and close in
Washington, D.C. on October 8.

As before, J~IlVIE will otTcr operating
displays of the latest in instrumenta
tion, plus the chance to discuss meas
urement problems with factory engi
neers. A new feature of this year's
EIl\1E is a series of technical sessions,
at which engineers from the nine par
ticipating companies will give short
formal talks on various instrumentation
and measurement subjects. These talks
will run consecutively throughout the
day.

General Radio will exhibit its new
Type 1I62-A Coherent Decade Fre
quency Synthesizer, Type 900-LB Pre
cision Slotted Line (and recording sys
tem), Type 1150-BH 1-1\lc Digital
Frequency :-leter, Type 1396-A Tone
Burst Generator, Type 1806-A Elec
tronic Voltmeter, Type 1900-A Wave
Analyzer, Type 1025-A Standard
Sweep-Frequency Generator, Type
1644-A Megohm Bridge, and Type
j 115-B Standard-Frequency Oscillator.

Sponsors of EI:vtE, in addition to
GR, are: Ampex Corporation, Brush
Instruments, Keithley Instruments, Inc.,
Lambda Electronics, r\on-Linear Sys
tems, Inc., George A. Philbrick Re
searches, Inc., Singer ~Ietrics Division
(Panoramic Instruments and Sensitive
Research Instruments).

The complete EIlVIE schedule:

Lynnfield, Massachusetts
Syracuse, New York

Bethpage, long Island

Cedar Grove, New Jersey
North Plainfield, New Jersey

Philadelphia, Pennsylvania
Red Bank, New Jersey
Washington, D. C

Monday, Sept 21
Wednesday, Sept 23

Mondoy, Sept 28

Wednesdoy, Sept 30
Thursday, Oct I
Monday, Oct 5
Tuesday, Oct 6
Thursday, Oct 8

Colonial Country Club, Route 128
Randolph House, Exit 37,

N. Y. State Thruway
Holiday Manor, Hicksville Road,

south of Grumman
Friar Tuck, Route 23
Washington House, Route 22

Marriott Motor Hotel
Molly Pitcher Hotel
International Inn

General Radio Company
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THE GENERAL R A D 10

A COMPACT, INEXPENSIVE

SOUND-LEVEL METER

TYPE 156S·A
SOUND_LEVEL METER

Basic sound-measuring instruments
have generally fallen into two easily
distinguishable cIa es. One class in
cluded sound-survey meters (or sound
meters), whose size and price were right
but which couldn't pass muster as ap
proved (i.e., by recognized standards)
arbiters of sound level. In the other
class were the sound-level meters, which
carried the credentials specified by the
standards but whose pedigrees came at
a price. Also, although smaller than
breadboxes, most sound-level meters
were unmistakably in the two-hands
class. Faced with a choice between the
two types, many would-be sound meas
urers were forced by a tight budget to
settle for second best.

A combination of recent develop
ments now gives LIS the TYPE 1565-A
Sound-Level Meter, which is a bona fide
8ound-Ievelmeter but whose dimensions
and price are more like those of a sound
survey meter. The new sound-level
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meter snuggles easily into the palm of
your hand partly through the usc of
all-solid-state circuitry, partly through
an ingeniously designed package that
includes a new CR-made ceramic micro
phone. The instrument wcighs just 1}:1'
pounds and runs for 35 hours on a single
C battery.

DESCRIPTION
Packaging

The aluminum-and-plastie case of
the new sound-level meter is tapered
at the microphone end to minimize the
effect of diffraction. Two knobs arc
prominent on the front panel. The
right-hand knob indicates sound-level
range; the left-hand knob selects
weigh ting and meter speed and allows
the battery to be checked. The output
jack, which takes a standard telephone
plug, is in the lower left-hand corner
of the panel. A threaded insert in the
bottom of the case can be used for
tripod mounting. A carrying cord (sup
plied) can also bc fastencd to this insert.

Microphone

General Radio's new Icacl-zirconate
titanate ceramic microphone was devel
oped as a measurement-grade micro
phone. With a diameter of 0.936 inch,
it fits in any fixture designed to accept
the current industry-standard Western

Figure 1. Case and controls ore designed for one
hClnd operation_

Electric 640-AA Condenser :\Iiero
phone. A typical free-field frequeney
response curve for the new micro
phone is sho\vn in Figure 2. The meter
can be pressure-calibrated at 400 cis
by means of the TYPE 1552-B Sound
Level Calibrator or at any frequency
from 20 to 2000 cis with the TYPE 1559
B :Mierophone Reciprocity Calibrator.

Circuit

The all-solid-state circuit (see Figure
3) uses a total of seven transistors in

Figure 2. A typical free-field
frequency-response curve for

the new General Radio
Microphone.
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Figure 3. Elementary schematic diagram,
Type lS6S-A Sound-Level Meter.
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two amplifier stages and a power
supply.

Transistors QJOJ and QI02 comprise
the preamplifier. QJOJ is a special
N-channel field-effect transistor, oper
ating as a Hsource follower." The gain
of the second transistor (Ql02) can
be adj usted by means of a panel screw
driver control to calibrate the instru
ment. The main amplifier uses four
transistors, including a complementary
pair (QJ05 and QI06) at the output.
Feedback is applied to the emitter of
transistor Ql03 to stabilize voltage gain.
This amplificr drives both thc meter
dctcctor circuit and the output ter
minals.

The attenuator is separated into two
sections for best signal-to-noise ratio.
One section is located directly at the
input and the other between the ampli
fier stages. The panel control, calibrated
from 50 to 130 dB, adjusts attenuation
in JO-dB steps.

Each coupling and feedback path in
the TYPE 1565-A Sound-Level Meter

serves double duty to form a part of the
weighting network. To achieve the
A-weighting characteristic, for example,
the feedback netwQl'k in the main am
plifier provides 6-dB/octave roll-off at.
both 733 cis and 8 kc/s. The coupling
network between the preamplifier and
the main amplifier adds roll-off starting
at 32 e/s, and the combination of the
input resistance of the instrument and
the microphone capaci tance yields an
additional 6-dB/oeta,·e slope starting
at 107 e/s.

Since the equivalent microphone ca
pacitance serves as part of the weighting
network, the spectrum is partly
weighted before it is introduced to the
preamplifier. Therefore, the likelihood
of amplifier overload is reduced. Source
capacitance cannot be changed, how
ever, without affecting the weighting
characteristic.

Power Supply

The unique power supply includes a
simple dc-to-dc converter to permit

3
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operation from a single 1.5-volt C cell.
The circuit is basically a tuned, self
biased, class-C oscillator, operating at
a frequency of 130 kc/s. The ac output
voltage from the transformer is applied
to a full-wave voltage-doubler rectifier
consisting of diode CRl, the transistor
base-emitter junction, and the capaci
tors Cl and C2. Half of the de output
voltage biases the transistor in the
cut-off region, affording the desired
class-C operation with a conversion
efficiency of about 70 percent. The high
efficiency of power supply and amplifier
makes possible a battery life of 35
hours, and it is therefore unnecessary to
turn the instrument on and off during
a series of mcasuremcn ts to conserve
the battery.

STANDARDS FOR A SOUND-LEVEL METER

The Americanl and InternationaP
standards on sound-level meters are
written to ensure that measurements
made with sound-level meters of various
makes and models will be accurate and
will agree closely with one another. The
American standard specifies seven basic
characteristics for a sound-level meter
(the International standard is similar).
These involve weighting, directionality,
crest-factor capacity, attenuator ac
curacy, detector characteristic, dynamic
characteristic of the meter, and internal
noise level.

Weighting

Three frequency-response curves,
called A, B, and C weighting, are
specified. In general, a I-dB deviation
from these weighting curves is allowed
for frequencies below I. kc/s. The
tolerance broadens somewhat at high

1 ASA S1.4_1961.
: IEC Publication 123, 1961.

frequencies, where microphone behavior
is difficult to control. A meter that does
not comply with this specification will
yield erroneous readings when pre
sented with an acoustic spectrum much
of whose energy is concentrated in the
range where the weighting deviates
from standard.

Directionality

A sound-level meter, to conform to
the American standard, must be equally
responsive, within specified limits, to
sound waves arriving from all direc
tions. A directional sound-level meter
could, of course, be supplied with orien
tation and calibration data so that, for
a given incidence, accurate results could
be obtained. But the user might not, for
a variety of reasons, be able to duplicate
the calibration conditions. The only sure
solution to this problem is a true sound
level meter - one whose response does
not vary appreciably with incidence.

Crest Factor Capacity

A sound-level meter is designed to
measure the rms level of the variation
in atmospheric pressure, which is called
sound. The peak amplitudes of some
sounds are very much greater than their
rms amplitudes. Electronic circuits
used in a sound-level meter must be
able to pass signals whose crest factor
(ratio of peak amplitude to rms ampli
tude) is as high as 13 dB. Obviously, a
signal that is distorted by an amplifier
of insufficient crest-factor capacity will
not produce a correct meter indication.

Attenuator Accuracy

To satisfy both the American and
the International standards, the at
tenuatar used in a sound-level meter
must be accurate within ± I. dB at all
frequencies in its range. The impor
tance of attenuator accuracy is evident,



since the attenuator setting figures
directly in the instrument readout.

Detector Characteristic

The detector response must be essen
tially rms to satisfy several require
ments of the standards. Average
response detectors, used in survey
meters, yield significant errors when
subjected to any waveform other than
a simple sinusoid.

Dynamic Characteristic of Meter

The rise time and overshoot of the
panel meter are specified for two speeds
designated "fast" and "slow." (Both
speeds are available in the new sound
level meter.) The "fast" speed allows
a short-time average level of a signal
to be observed. 'l'he "slow" speed gives
a long-time average indication and is
used when fast-speed fluctuations ex
ceed 3 or 4 dB.
Internal Noise level

An important requirement for a
sound-level meter whose output is to
drive an analyzer or other apparatus
is low internal noise. In this respect,
as indeed in all the above respects, the
TYPE 1565-A meets or exceeds the
specifications given in the American
and International standards.

USES

A sound-level meter is the basic
sound-measuring instrument. Almost
any noise study begins with elementary
sound-level measurements to determine
what further investigation will be
needed. Industrial and governmental
test codes specify test limits and pro
cedures for making sound-level meas
urements.

The A-weighted sound level is be
coming increasingly popular as a meas
ure of the disturbing effect of noise on
people. Young3 has recently shown
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that subjective ratings of office noise
are as well correlated with A-weighted
sound level as with other previously
used, but more complicated, measures
of office noise. Traffic noise laws4 are
now enforced in many cities with the
aid of sound-level meters, usually set
to indicate A-weighted sound level.

A sound-level meter is useful not
only for noise acceptance tests with a
single weighting network but also,
when measurements are made with all
three weighting networks, for deter
mining the approximate shape of a
spectrum. A method' of determining ap
proximate spectrum shape' from sound
level measurements is given in the Gen
eral Radio Handbaak of N aise M eas
urement.*

Sound-level meters arc used by in
dustrial hygienists to help ensure per
sonal comfort and safety in factories
and to detect conditions that might
result in hearing loss. Hearing and
speech research is conducted by psy
chologists with the aid of sound-level
meters. Engineers concerned with the
quiet and normal operation of ma
chinery use the sound-level meter as
a basic tool. Sound-level measurements
are made by architects and musicians
to ensure best production of music, by
police and other officials to detect un
acceptable levels of neighborhood and
traffic noise, and on board naval vessels
to help maintain quiet operation and
thus avoid detection.

AUXILIARY EQUIPMENT

Tbe TyPe 1565-A Sound-Level Meter
was designed primarily for convenient

JR. W. ¥OUIlI!:, Journalo/the AcousticalSocietllo/ America,
Vol. 36, pp. 289-295 (1964) .
• D. P. Loye, NoiBf! Control, Vol. 5, pp. 230-235, July,
1959.
*AvaiLable from General Radio Company at $1.00 per
copy, postpaid.
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Figure 4. Sound_
level Meter with

Type 1560-P52
Vibr(ltion Pickup.

operation and low cost, and the Type
1551-C Sound-Level Meter', with its
greater versatility, will undoubtedly
continue to be the recognized standard
for all types of sound measurements.
For the many applications that do not
require the greater sensitivity, addi
tional 20-kilocycle (Aat frequency re
sponse) weighting, or lower distortion
of the TYPE 1551-C, the new sound
level meter will provide performance
comparable to that of the larger instru
ment. On the other hand, where a
sound-level meter is required as a
preamplifier for a narrow frequency
analyzer or is to be used with a variety
of transducers and other accessories,
the TYPE 1551-C is the better choice.

~The method Wall developed by J. H. Cox, Jr.
& E. E. Gross, "Improved Performance Plus Il New Look
for the Sound-Le\'el ~Ieter." Genual Radio Ex~ri11Kntflr,

32, 11, October, 1958.
E. E.Gr068, "Tvpv.I55I-C Sound-Le\'el :\Ieter." General

Radio ELpuimenler, 35, 8, August, 1961.

Use with Analyzers

The TYPE 1565-A Sound-Level Meter
can be used to drive the TYPE 1556-B
Impaet-Koise Analyzer to determine
the peak amplitude and time duration
of impact sounds. It can also be used to
drive an octave-band filter set for fre
quency analysis. However, owing to
its higher dIstortion, it is not recom
mended for use "'ith analyzers having
bandwidths narrower than one octave.

Use as Vibration Meter

Figure 4 shows the TYPE J565-A
fitted with a TYPE 1560-P96 Adaptor
and a TYPE I 560-P52 Vibration Pickup.
The high capacitance of this pickup
provides a low-frequency response ex
tending to less than 20 cis. The upper
frequency limit, determined by the
pickup, is I kc/s. Acceleration levels
from 0.0005 to 30 g can be measured.

The remarkably good performance
obtained in such a compact, low-cost
instrument brings to sound-level meas
urements a new order of convenience
and expands the range of application of
true sound-level measllrements.

- W. R. l(U"DERT

CREDITS

The writer acknowledges the work of G. E.
Neagle, who was responsible for the mechanical
design and packaging of the meter.

The microphone was designed by B. 13.
Bauer and A. L. Di ~lattia. of the CBS Labor:l
tories and developed for production by B. A.
Bonk of General Radio.

SPECIFICATIONS
dB (re 0.0002 Analyzer, a grn.phic level recorder, or head

phones. Harmonic distortion, 2% or less for
frequencies above 200 c/s and 5% or less for
frequencies below 200 c/s (panel meter at full
scale).
Meter: Rms response, and fast and slow meter
speeds, in accordance with A8A 81.4-1961 and
IEC Publication 123, 1961.
Auxiliory Input Provision: A TYPE [560-1'96
Adaptor is avaibble to nllow connection to any

Sound-Level Ronge: 44 to 140
~bar).

Weighting: A, B, and C weighting in accordance
with American Standard ASA 81.4-1961 and
lEC Publication 123, 1961.
Microphone: Lead-zirconate-litanate ceramic
unit.
Output: At least 1.5 V behind 20 kn when meter
reads full scale. Output is intended primarily
for driving a TVPE J556-B Impact-Noise

6
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source fitted with a male 3-terminal microphone
connector. Input impedance is approximately
]3 l\'In in parallel with 25 pF'. For correct
weighting, source impedance must be 380 pI<'
±5%.
Power Supply: One l.!4-V size C flashlight cell.
Battery life approxima.tely 35 hours for 2
h/day service.

Environmental Effects:

Operating Temperature Range: 0 to 50°C.

Storage Temperature Range: - 20 to + 70°C
(b.'1ttery removed).
Operating Humidity Range: 0 to 90% HR.
Temperature Coefficient af Senlitivity: + 0.03
dBrC.
Sensitivity to Magnetic Fieldl: Equivalent C
weighted sound level of a. i-oersted (80 Aim)

Type

6O-cycJe field is about 47 dB when meter is
oriented for maximum meter indication.
Calibration: Sound-level meter can be pressure
calibrated at 400 cis with a TYI'E 1552-B
Sound-Level Calibrator or at any frequency
in the range from 20 to 2000 cis with a TnE
1559-3 Microphone Reciprocity Calibrator.
Accessories Available: TYI'E 1565-PI Leather
Carrying Case. TYPf; 1560-P96 Adaptor to
adapt input to mate with 3-terminal male
microphone connector necessary for connection
to vibration pickup. TYPE 1560-P95 Adaptor
Cnble to connect output to TYPE 1521-B
Graphic Level Recorder or other devices fitted
with jack-top binding posts on %-in centers.
Dimensions: Width 31,.i6, height 7%, depth 2Ys inches
(78 by 190 by 54 mml, over-all.
Ne' Weight: 13A pounds (0.8 kg).
Shipping Weight: 5 pounds (2.3 kg).

Price

1565-A
1565·P1
1560-P95
1560.P96

Sound-level Meter
leathe,. Carrying Case
Adaptor Cable
Adoptor to 3-terminal male microphone connector

$240.00
15.00

3.00
11.00

NEW METERED
VARIAC®
AUTOTRANSFORMERS

The latest additions to our line of
metered Variac® autotransformers are
two 20-ampere units with built-in volt
meters and ammeters: the TYPE

W20YlT3A, for 120-volt inputs, and
the TYPE W20H:\1T3A, for 240-volt
service. 1fetered Variac assemblies are
now available in 5-, 10-, and 20-ampere
sizes.

SPECIFICATIONS

...
I

3·wire cord ond plug
3-wire outlet receptacle

320°
45 to 90 oz-in

8~ in (220 mml
11 ~ in (300 mml

5V4 in (135 mm)
27Y2 Ib (J 2.5 kg) 251b (11.5 kg)

$140.00

Both Models
Terminals

line
load

Angle of Rotatian
Driving Torque
Dimensions

Width
Height
Depth

Net Weight
Price

W20MT3A I W20HMT3A
120V 240 V

50-60 cis
0-140 V I 0-280 V

18 A 8 A
27 W

0-150 V I 0-300 V
0-20 A 0-10 A

±3% of full scole
2-pole, OFF-ON switch

ot input from line
20A I lOAFusing

Input Voltage
Frequency
Output Voltoge
Current Rating
No-load lon (60 cIs)
Voltmeter Range
Ammeter Range
Meter Accuracy
Switching

7
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SALES ENGINEERING NOTES

NEREM
The new sound-level meter featured

in this issue will be on display at
NEREM (Northeast Electronics Re
search and Engineering Meeting),
November 4, 5, and 6 at Boston's
Commonwealth Armory. So will a
number of other new GR products, in
cluding an automatic capacitance
bridge, frequency standard, coherent
decade frequency synthesizer, digital
time comparator, recording wave ana
lyzer, megohm bridge, counters, and
many other instruments and devices.
Our booth number is 211-213.

PHILADELPHIA OFFICE MOVES
Our Philadelphia Sales Engineering

Office has just moved a few miles west
into brand-new quarters at Fort Wash
ington Industrial Park, adjacent to the
Pennsylvania Turnpike at Fort Wash
ington, Pennsylvania. The new diggings
are larger than the old and include

better parking facilities, all the better
to accommodate the burgeoning busi
ness at "PRO." The numerology of
the situation is as follows: phone num
ber 215-646-8030, TWX number 215
646-7996, and Zip Code 19034. Manager
John Snook and Sales Engineer Carl
Alsen stand ready as ever (but even
better equipped) to serve.

ALABAMA, GEORGIA ADDED TO
FLORIDA OFFICE TERRITORY

Our Florida Sales Engineering Office
in Orlando now includes in its territory
Alabama and Georgia, and thus may be
considered our Southeastern States Of
fice. Sales Engineer Richard G. Rogers
joins manager John Held of that office
to help serve tbis large and important
area. Dick, an electrical engineering
graduate of M.LT., has been with GR
since 1960, both at our West Concord
headquarters and at our Washington,
D.C., Sales Engineering Office.

J. E.Snook C. W. Alsen R. G. Rogers J. C. Held

General Radio Company
WEST CONCORD, MASSACHUSmS

NEW YORK • PHILADELPHIA • SYRACUSE • WASHINGTON • CLEVELAND ORLANDO
CHICAGO DALLAS. LOS ANGELES • SAN FRANCISCO • TORONTO • MONTREAL

GENERAL RADIO COMPANY (Oyerseosl, 8008 Zurich, Switzerland
GENERAL RADIO COMPANY (U.K.) LIMITED, Bourne End, 8ucHnghamshire, England
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IMPROVED PERFORMANCE FROM

THE

One of our most popular Unit Instru
ments has long been the TYPE 1217
Unit Pulse Generator. The reason for
its popularity is easy to see: It has con
sistently offered more pTf range, pulse
duration, and pulse amplitude per dol
lar than any other instrument of its
type. Now, with the introduction of
the TYPE 1217-C Unit Pulse Generator,
specifications have been again im
proved significantly. The size remains
the same, and the performance per
dollar has again been sharply boosted,
to a point where the Unit Pulse Gen
erator is a model of value engineer
mg.

For those who are familiar with

UNIT PULSE GENERATOR

earlier models of the TYPE 1217, the
major improvements in performance
are: increased prf to 1.2 Mcls (in
ternal drive) and 2.4 Mcls (external
drive), and improved transition times
to less than 10 nanoseconds with a more
symmetrical pulse (see Figure 2).

For those who aTe unfamiliar with
the Unit Pulse Generator, it is a com
pact, general-purpose pulse source,
whose prf can be either internally
controlled from 2.5 cis to 1.2 :\lc/s or
externally controlled (the input circuits
are then arranged as an aperiodic
switching circuit) from de to 2.4 Mc/s.
Pulse duration is adjustable from 100
nanoseconds to 1.1 seconds, and ampli-

Figure 1. Type 1217·C Unit Pulse Generator with power supply.

3
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TYPE 1217-8 TYPE 1217·C

0.12-1' 0 puloe;
20 no/em

Positive transi·

tion; 10 nslem

Negative transi
tion; 10 nslem

Figure 2. Ou,iJIograms showing improvements in pulse symmetry and rise times
in Type 1217-C over its predecessor.

4

tude of the 40-mA output pulse is also
adjustable, up to 40 volts, peak (the
AMPLI'rUDE control is actually cali
brated in output impedance). Positive
and negative prepulses and a delayed
synchronizing pulse are also provided.

The Circuit

Tbe circuit is basically that described
in an earlier article on the TYPE 1217-B';
a block diagram is shown in Figure 3.

A major design objective was economy,
and this meant making every circuit
component work all the time and to its
full capability. The internal prf oscil
lator uses the same parts - rearranged
by switching - that make up thc input
circuits in the external-drive mode.
Another design feature was the com-

I R. W. Frank, ".\lore and Better Pulses from the Unit
I~ulse Generator:' General Radio Ezpennumler. 36, 1-2.
Januarl'-F'ebruary 1962.
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m
DRIVE

"T

'NT

FEEDBACK
AMPLITUDE

COMPARATOR
SCHMITT

VI04

SWEEP
GENERATOR
a CLAMP

VI03

r---=::Y!"l-:'M;'2U~T;U~DEPOWE~05 IL POSITIVE OUlPLfT

AMPLI FIER ~~_0"'"LSNEGATIVE OUTPUT
VIOS

POSITIVE SYNC

NEGATIVE SYNC

Figure 3. Block diagram.

utilization of tubes and
to exploit the strong points

man-sense
transistors
of both.

The main eomponents of the pulse
generator are an input system, a pulse
timing circuit, and a power amplifier.
Switched for internal control of prf,
the input system is a stable, wide-fre
quency-range oscillator. Switched for
external control, the circuit becomes an
aperiodic trigger generator, made up of
a de amplifier and a Schmitt trigger.
This circuit produces a single, brief,
trigger pulse to initiate the action of
the pulse-timing circuits once for each
cycle of the input driving signal.

'The output circuits include a set
reset bistable circuit, an RC ramp gen
erator, and an amplitude comparator.

The circuit is similar to that used in
all preClslOn pulse gen'erators and
makes possible a relatively linear pulse
duration dial scale, low jitter, quick
recovery time, and operation highly
independent of supply-voltage changes
and aging of the active devices. The
warmup effects on prf and on pulse
duration arc shown in Figures 4 and 5.

The set-reset bistable circuit drives
a pair of output tubes, which apply
current to variable load resistors. The
maximum value of these resistors is
1000 ohms, and the output current is
over 40 mA; the maximum output volt
age is therefore at least ~o volts.

The delayed (synchronizing) pulse
corresponds to the late tratlsition of
the output pulse. This delayed pulse

10 15 20 25 ~ " ~ 45 ~ ~ ~
MINUTES FROM TURN-ON

~
..~.~ ~--~,.- ... .N._ .....

-_... I
-I 0.1% - ..1006

10,05

10.04

10.03

10,02

10.01

10.00 0

MINUTES FROM TURN-ON

~~.~
_...,- .- ._..~.- ....

.- .

UIII -~O"~

- . -

, , • " ro ~ " " '" "

10.0

"
"
"
"
"
",.,
"
"
"

Figure 4. Warmup effects on pulse
repetition frequency.

Figure 5. Warmup effects on pulse duration.
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I VOIJAGE AMPUAER~,.- SCHMITT C1RctnT~

I .15OY II +15QY +150y I
I PRFI

SIOI EXT RI12 C22

RI02
Figure 6. Schemgtic dig
gram of the input circuits.
Switching gt only three
points converts a conven
liongl Schmitt circuit, used
with externgl drive, into a
wide.range oscillator for

internal prf control.

Rloe

INT
RIl3

RII5

R1l4

U02

102B

TRIGGER SPIKE
TO OUTPUT
PULSE CIRCUIT

-150y

can be used to drive a second pulse
generator; a pair of pulse generators
therefore makes an excellen t delayed
pulse generator, and three make a good
double-pulse generator.

Output Pulse Waveform

The improvement in pulse transition
time and symmetry comes about from
the use of silicon transistors in place
of germanium units. The voltage wave-

~
AMPUTUOE~ I SWEEP GENERATOR)

COMPARATOR SCH~tTT II AND CLAMP I
+l50y 1'1 0'1

_4g--...r-t.-
<--_r.o"+OUTPUT F'UL.SE

RI37

RI41

'.
RI33.~"""-~O -OUTPUT PU-SE

L POWER AMPUFIERSJ -~~

CI33

CI34

,
IAMPyTUDE I

I
I

I
I

'T-~'-"--J.---~f-:;;:;~' I
-:,'

1-------..,""'--.-(00) DELAYED SYNC

L TRIGGER JI MULTIVtBRATOR I
AMPUFIERS ~ DRIVER~

1
STOP

Figure 7. Schematic diagram of timing and output circuits. Transistors QJOJ and QJ02 are connected
in a bistgble circuit to contral conduction of the output power tubes, VJ05 and Vl06. Such hybrid

design exploits strong points of both tubes and trgnsislors.
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form at the output terminals depends
on the termination. In Figure 2, the
terminating resistance is 50 ohms. All
transition times are less than 10 nano
seconds, and some overshoots occur.
With no external loading, the very fast
current transitions arc applied to the
lOOO-ohm output potentiometer and an
inherent stray capacitance of about 30
picofarads, and the voltage rise time is
about 60 nanoseconds. Externally add-

Figure 8. Oscillogrcrm showing effects of 12-pF
probe on output pulse.

cd capacitance will increase this rise
time hy about 2 nanoseconds per pico
farad. With this output configuration,
no overshoot occurs, and the risc is
purely exponential (see Figure 8).

Pulse DC Component

Notice, in Figure 7, that a de com
ponent negative with respect to chassis
ground appears on both the positive
and negative pulses. When the ampli
tude control is fully open, the positive
pulse rises from -40 volts to ground,
and the negative pulse falls from ground
to -40 volts. In other words, only the

TYPE 1217-C UNIT

PU~ (5"O""'O>!' L
8ggg +08-

DC COMPQN ENT
METER

DECEMBER, , •• 4 ~

TYPE 1217·P2
SINGLE-
PULSE

TRIGGER

negative output IS truly "ground
based."

In many applications, the output
will be eapacitively coupled, and the
de component of the pulse will be of
no consequence. Even when the de
component is important, however, it is
rarely necessary that the positive pulse
start precisely from chassis ground. In
most eases it is desirable that the pulses
make a transition from a potential other
than ground. Adj ustment at this po
tential is easy to accomplish. Figure 9
shows a simple method of voltage trans
lation by which the dc level of either a
positive or negative pulse can be ad
justed as desired. A 400-volt labora
tory power supply can thus translate
the positive pulse so that it is com
pletely above ground, with only a 10
percent reduction in output impedance.
I n most applications, no such power
need be wasted for de translation.
Pulse amplifiers, "and" gates, etc, can
be biased directly from the pulse gen-

Figure 9. Connection of 400-V laboratory·
power supply ond dc voltmeter for full trans
lotion of positive pulse. Any desired dc
component can be obtained by adjustment
of power-supply voltage. Dc component

meter can be used to indicate duty rotio.

7



GENERAL RADIO EXPERIMENTER

~-.------+EbbFigure 10. Control of transistor switching by Unit
Pulse Generator. (top) NPN, normally on, goes
off during pulse time. NPN, normally off, goes on
during pulse time. PNP, normally off, goes on
during pulse time. PNP, normally on, goes off

during pulse time.

TYPE 1217-C UNIT
PULSE GENERATOR

o?ooO ~90-+-+-H
0000 0

-r1,,"Ebb

.-J LVce(sat)
H--<

* HOLD-BACK BIAS MAY BE NECESSARY UNDER SOME
HIGH TEMPERATURE CONDITIONS WHERE IChO RQ >Veb

0=rrVcelsat)

l-J.., -Ebb

,------- -EbbTYPE 1217-C UNIT
PULSE GENERATOR

90.9_
0000 a
0000 0

TYPE 1217-C UNIT
PULSE GENERATOR

909
0000 +;,',;o""--..+-r
0000 0

TYPE 1217-C UNIT
PULSE GENERATOR

90a a 00 +. }2"+--'.-h
0000

erator with low-power networks, as
shown in Figure 10.
Uses

The TYPE 1217-C Unit Pulse Gener
ator is a valuable tool in any laboratory
where pulses are used. Its generalized
characteristics and low price make it
an ideal instrument for school-labora
tory experiments in pulse techniques,
as well as for work on radar, pulse com
munication, and computer systems.

Experience has also shown that the
pulse generator is a useful source for
measurements on transistor systems.
It can operate saturated transistor
switches, both npn and pnp, without
coupling networks (see Figure 10).
Since the pulse generator is direct
coupled, the solid-state switches can be
operated over its full duration range.

-R. W. FRANK

SPECIFICATIONS

PULSE REPETITION FREQUENCY

Internally Generated: 2.5 cIs to 1.2 Mc/s, with
calibrated points in a 1-3 sequence from 10 cIs
to ;)00 kc/s, and 1.2 'Alc/s, all ±5%. Continu
ous coveragc with an uncalibrated control.
Externally Controlled: Aperiodic, dc to 2.4 Mc/s
with 1 V, rms, input (0.5 V at 1 Mc/s and
lower); input impedance at 0.5 V, rms, approxi
malcly 100 kn shunted by 50 pl". Output pulse
is startcd by negative-going input transition.

OUTPUT -PULSE CHARACTERISTICS

Duration: 100 ns to 1 s in 7 decade ranges, ±5%
of reading or ±2% of full scale or ±35 ns,
whichever is greater.
Rise ond Foil Times: Less than 10 ns into 50 or
100 n; typically 60 ns + 2 ns/pF external load
capacitance into 1 kQ (4-0 V).
Voltage: Positivc and negative 40-mA current
pulses availablc simultaneously. Dc couplcd,
de component negative wil..h respect to ground.
40 V, peak, into l-kn internal load impedance
for both negativc and positive pulses. Output

control marked in approximate output im
pedance.
Overshoot: Overshoot and noise in pulse, less
than 10% of amplitude in correctly I..erminated
measuring system.
Ramp-off: Lcss than 1 %.
Synchronizing Pulses:

Pre-pulse: Positive and ncgative 8-V pulses
of 150-ns duration. If positive sync terminal is
shorted, negative pulse can be increased to
50 V. Sync-pulse source impedance:

positive - approx :mo D;
negal..ive - approx 1 kD.

Delayed Sync Pulse: Consisl..s of a negative
going transition of approximately 5 V and
lOO-ns duration coincident with the late edge
of the main pulse. Duration control reads time
between prcpulse and delayed sync pulse. This
negative transition is immediately followed by
a positive transition of approximately 5 V and
150 ns to reset the input circuits of a following
pulse generator. (See oscillogram.)

8



Stability: Prf and pulse-duration jitter are de
pendent on power-supply ripple' and regula
tion. With TYPE 1201 Power Supply, external
drive terminals short-circuited, prf jitter and
pulse-duration jitter are each 0.01 %. With
TYPE 1203 Power Supply, they arc 0.05% and
0.03%, respectively. (Jitter figures may vary

1 -p.s pulse into 50 ohms with delayed sync pulse.

Type

DECEMBER 1964

somewhat with range switch settings, mag
netic fields, etc.)

GENERAL
Power Required: 300 V at 60 rnA, 6.3 V at 3 A.
Type 1203 Unit Power Supply or Type 1201
Unit Regulated Power Supply is recommended.
Acceuories Available: TYPE 1217-P2 Single
Pulse Trigger, rack-adaptor panel for both
generator and power supply, 19 by 7 in (485,
180 mm).
Cabinet: Unit-Instrument type.
Dimensions: Width 10% (15 with power supply),
height 5%. depth 671 inches (275, 150, 165
mm), over-all. Rack-adaptor panel, 19 by 7
inches (485,180 mm).
Net Weight: 471 lb (2.1 kg).
Shipping Weight: 6 lb (2.8 kg).

Price

1217-C
1217-P2
1203-8
1203-8018
480-P4U3

Unit Pulse Generator
Single-Pulse Trigger
Unit Power Supply (for lIS-volt supply)
Unit Power Supply (for 230-volt supply)
Relay-Rack Adaptor Panel

$275.00
. 25.00

55.00
60.00
12.00

o

A RECIPROCITY CALIBRATOR

FOR THE

WE 640AA AND

OTHER MICROPHONES

Among the great time savers of re
cent invention was the GR TypF, 1559-A
Microphone Reciprocity Calibrator',
which replaeed the tedium of a long,
meticulous laboratory calibration with
a minute or two of knob turning. The

'Basil A. Bonk. "Absoillte Calibration of PZT Micro
phones," General RadiQ Experimenter, 37, 4-5, April
May 1963.

original model, however, accepted only
the General Radio measurement micro
phone, a limitation overcome by the
new TYPE 1559-B Microphone Reci
proeity Calibrator. Of especial impor
tance is the fact that the new model
will also calibrate the Western Electrie
640AA-type microphone. Since the Na-

9
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tional Bureau of Standards also reci
procity-calibrates this microphone,
there is now a direct traceability link
between l\BS and the GR Reciprocity
Calibrator.

The Reciprocity Calibrator is a port
able, compact instrument containing
the reference transducers and acoustic
cavity necessary to perform the closed
coupler reciprocity calibration, together
with an analog computer and switching
mechanisms to reduce the entire pro
cedure to a simple routine.

The TYPE 1559-B Microphone Reci
procity Calibrator will calibrate any
microphone whose sensitivity is be
tween -75dB and -35 dB re 1 V/I'bar,
whose diameter is less than 1.125 inches
and which is adaptable to use in a

closed coupler. GR TYPES 1560-Pl,
1560-P3, and 1560-1'4 microphones fit
directly into the calibrator, and an
adaptor is supplied for WE 640AA-type
microphones. An adaptor is also avail
able for calibration of GR TYPES 1551
PJL and l5.51-PIH Condenser Micro
phone Systems.

Accessories required are an audio
signal source and a detector (usually
the instrument whose microphone is
being calibrated). In the calibration of
a microphone of the WE 640AA-type,
a preamplifier and a source of polariz
ing voltage are also required; the pre
amplifier and power supply of the
TYPE 1551-P1 Condenser Microphone
Systems are satisfactory for this pur
pose.

SPECIFICATIONS

MICROPHONE CALIBRATOR

Range: Direct reading for microphone sensitiv
ities between ~35 dB and -75 dB re 1 VIJ.lbar.

Accuracy:
Microphone Frequency

Type Accuracy Range

WE 640AA ± 0.2dB ± 0.1 dB4.o 20 C/5 to 2.5 kc/,
end ,imiler
type5 ± O.7dB 2.5 to 6 kC/5·

GR 1560-P3 ± O.2dB ± 0.1 dBfi<o 20 C/5 to 2.5 kC/5

ond -P4 ±OJdB 2.5 to 7-kc;' •

± O.2dB ± O. t dBfko 20 cIs to 2.5 kC/5
GR lS51·PIL

± O.7dB 2.5 C/5 to 5 kc/s
.To 8 kc/s with correo;tions.

PRECISION ACOUSTICAL SOURCE
Frequency Range: 20 cIs to 7 kc/s.
Output: 92 dB re 0.0002 J.lbar for excitation of
50 V.
Accuracy: At 92 dB, ±0.1 dB + error in deter
mining microphone sensitivity.
SOUND-LEVEL CALIBRATOR
Frequency Range: 20 cIs to 2.5 kc/s.
Output: 92 dB re 0.0002 J.lbar for excitation of
50 V.

Type

Accuracy: ±0.7 dB at standard atmospheric
pressure.
GENERAL
Maximum Safe Input Voltoge: 50 V behind 600 Q.

Accessories Required: Generator and detector.
Generator to supply 5 V or more into a 2000-pF
load , and 2.5 V or more into a 600-Q load.
Lower voltage can be used, with a resultant
lowering of signal-to-ambient-noise ratio. The
TYPE 1304-B Beat-Frequency Audio Genera
tor, the TYPE J210-C Unit R-C Oscillator, and
the TYPE 131O-A Audio Oscillator arc recom
mended. The TYPE 1551-3 or -C Sound-Level
Meter is recommended for the detector.
Acceuories Supplied: TYI'E 2H-NP Patch Cord
and an extension cable for connection to gen
erator and detector; and adaptors for reciproc
ity and comparison calibration of the "-estern
Electric 640AA and equivalent microphones.
Cobinet: Flip-Tilt; relay-rack model also is
available.
Dimensions: Portable model, case closed: width
10, height 8, depth (1,.-'2 in (255, 205, 190 mm),
over-all; rack model: panel 19 by 1071 in
(485, 270 mm), depth behind panel 5 in (130
mm).
Net Weight: Portable model, 13 Ib (6 kg);
rack model, 14lb (6.5 kg).
Shipping Weight: Portable model, 22 lb (10 kg);
rack model, 29 Ib (13.5 kg).

Price
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1559-B Micraphone Recipracity Calibratar, Portable Model
1559-B Microphone Reciprocity Calibratar, Rack Model

US Patent No. 2,966,257.

$525.00
525.00



DECEMBER 1964

NEW ONE-MEGACYCLE COUNTER

A new I-Me counter has joined the
ranks of GR's fast-growing line of digi
tal frequency equipment. The TYPE
1150-BH Digital Frequency Meter is
similar to the 400-kc TYPE 1150-Bl in
all respects except frequency range. In
other words, it is a trim (3Y2 inches
high in a relay rack), economical, solid
state counter with crisp, bright~ incan
descent readout.

Counting time can be set to 0.01,
0.1, 1, or 10 seconds, and display time

1 R.W. Frank, "4(H)...kc Solid-State Counter," General
Radio Experimenter, 38, 8, August H164.

is adjustable in 7 discrete steps from
0.16 to 10.24 seconds, or infinity. Other
panel controls include a trigger level
adjustment, a mode switch (to select
frequency measurement~ self-check, or
count), a reset button, and a toggle
switch for manual control' of counting
time and for counting times that are
multiples of 10 seconds.

The new counter is also available as
the TYPE 1150-BPH, equipped for di
rect connection to either the TYPE

1137-A Data Printer or the TYPE
1136-A Digital-to-Analog Converter.

SPECIFICATIONS
Frequency Range: Dc to 1 Mc/s. Aging: Less than 1 ppm/wk after 4 weeks,
Sensitivity: 1 V, p-to-p, to 400 kc/s, 2 V, p-to-p, decreasing thereafter.
to 1 Me/s. Crystal Frequency Accuracy: Within 10 ppm
Counting Time: 10 ms to 10 seconds, extend- when shipped. Frequency adjustment provided.
ible by multiplier switch. Power Required: 105 to 125 or 210 to 250 V,
Accuracy: ±1 count ± crystal-oscillator sta- 50 to 60 cis, 40 W.
bility. Accessories Supplied: TYPE CAP-22 Powcr Cord,
Display: 5-digit in-line register, incandescent- eight replacement incandescent lamps, spare
lamp operated. fuses.
Display Time: 0.16, 0.32, 0.64, 1.28, 2.5l3, 5.12, Accessories Available: TYPE 1136-A Digital-to-
or 10.24 seconds, or infinity. Analog Converter and TYPE 1137-A Data
Input Impedance: 1 Mn shunted by 100 pF. Printer (operate from output of Type 1150-
Input Trigger Level: Adequate to permit trigger- BPH model only).
ing on zero crossings of signals twice minimum Cabinet: Rack-bench.
amplitude and on brief pulses of either polarity. Dimensions: Bcnch modcl, width 19, height
Crystal-Oscillator Stability: ~~.?/s, depth 12Y2 in (485 by 99 by 320 mill),

Short-Term: Better than 0.5 ppm. over-all; rack model, panel 19 by 3!/z in (485
Cycling: Less than count.cr resolution. by 90 mm), dcpth behind panel 12% in (325
Temperature Effects: Lcss than 2}.1 ppm for mm).
rise of 0 to 50°C ambient. Net Weight: 19 lb (9 kg).
Worm up: Within 1 ppm after 15 minutes. Shipping Weight: 22 lb (10 kg).

Type Price

1150-BHM
1150-BHR
1150-BPHM

1150-BPHR

Digital Frequency Meter, Bench Model
Digital Frequency Meter, Rack Model
Digital Frequency Meter, with output for printer or

O/A converter, Bench Model
Digital Frequency Meter, with output for printer or

O/A converter, Rack Model

$1095.00
1095.00

1150.00

1150.00
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GENERAL RADIO EXPERIMENTER

NEW 6-DIAL DECADE RESISTORS
Two new six-dial models have been

added to the GR line of TYPE 1432
Decade Resistors, one with steps of
one ohm, the other with steps of 0.01
ohm. Housed in the laboratory-bench
style aluminum cabinets that are char
acteristic of the TYPE 1432 series, these
new decade boxes have ll-position ro
tary switches with silver-overlaid con
tact studs on the low-resistance decades
to ensure stability of resistance. All
decades have a silver contact in the
zero position in order that the zero re
sistance of the box be both low and
constant. The GR jack-top binding
posts accept wire leads, banana plugs,
alligator clips, spade terminals, and
telephone tips. Three binding posts are
used, two for the resistor terminals, the
third grounded to the aluminum panel.
A removable shorting link is included
to permit optional grounding of one
side of the resistor.

I II to l.IIII Mil

ond

0.01 II to 11.1111

SPECIFICATIONS

Resistance: See price table
Accuracy: Sec table (right). Resistors are ad
justed for incremental as well as total value.
Accuracy, as always, is included in the standard
General Radio two-year warranty.
Cabinet: Laboratory-bench type.
Dimensions: Width 4~6, height 4:7.(, length 18.!-:{
in (lJO, 125,465 mm).
Net Weight: 7,!.4lb (3.5 kg).

Shipping Weight: 91b (4-.1 kg).

Resistance
per Step

100 kfl
10 kG

1 kG
100 n
10 I!

I I!
o.ln
O.Olfl

Accuracy

0.05%
0.05%
0.05%
0.05%
0.05%
0.15%
0.5%
2%

/IIax Current
for 4[1' CRise

2.3 mA
7mA

32 mA
ao mA

250 mA
aOOmA

1.6 A
4 A

Type

1432.8 Decade Resistor
1432- W Decade Resistor

Maximum

l,lll,nOn
11,111.1 n

Per Step

II!
0.01 n

Price

$185.00
158.00
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GENERAL RADIO COMPANY

extends to all Experimenter readers
its best wishes for a

Happy and Prosperous 1965


