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ﬂha held in conjunction with the IRE National

IN THIS ISSUE Convention moves this year to the IKings-

Page bridge Armory, where space has been taken

TaEe COMPARISON by 600 manufacturers for 114 miles of

BRIDGE — A VERSA- .

TILE PRODUCTION- exhibits.

TesT INSTRUMENT 4 General Radio will be there, in Booths

251, 253, and 255, at the corner of Instru-
ments Avenue and Radio Road. Our exhibit space has twice the back-
wall of our space in past years — 40 feet in all. We are glad to have this
additional space (which could not have been available had the show not
moved to the Armory) because 1t gives us an opportunity to show you
a larger part of our line of electronic instruments and associated equip-
ment than we have been able to show in the past.

We hear a lot of advertising claims nowadays about the ‘“complete
line’’ and ‘“‘complete coverage.”” General Radio doesn’t claim to make
a ““complete line”’ of electronic equipment. Furthermore, we doubt that
any existing instrument manufacturer has the staff, the facilities, or
the resources to do it.

But — we make a more extensive line of instruments — more types, that
do more things — than any other electronic instrument manufacturer in
the world.

When you buy aGeneral Radio instrument, you buy a quality product,
correctly designed and carefully

manufactured; built to rigid spec- "Spoflighfh the New?”
ifications; built for long life; guar- RADIO ENGINEERING

anteed to meet catalog specifica- AR / :
tions; and backed by 39 years of /? SR
experience in electronic instru- HH 251-253-255

ment manufacture. General Radio

GENERAL RADIO
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March 22-25, 1954 - Kingsbridge Armory, New York City
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GENERAL
instruments are outstanding values in
the precision apparatus field.

Let’s stroll along the General Radio
booth at the Radio Engineering Show
and see what’s on display. On our left
we see first the Television Station Moni-
tor, an outstanding example of General
Radio engineering and manufacturing.
Over 90 per cent of the TV stations now
on the air use General Radio monitors —
proved in actual use. Monitoring equip-
ment is a highly specialized field requir-
ing the highest degree of accuracy and
reliability. We’ve been in it for over 25
years. Almost all of the 2500 AM broad-
casting stations use General Radio
monitors.

Next, we see a display of Coaxial
Equipment — instruments for measuring
impedance, voltage, power, and attenua-
tion at very-high and ultra-high fre-
quencies, with an extensive array of
coaxial connectors and elements for set-
ting up measuring circuits — all based
on the famous General Radio TypE 874
Coaxial Connector — with adaptors to
connect to all other commonly used
coaxial systems.

Note particularly the Type 1602-B
U-H-F Admittance Meter, the most con-
venient device on the market for im-
pedance and standing-wave-ratio meas-
urements at UHF and VHF'; the TypE
874-L.B Slotted Line, an accurate, well-
designed line at a very low price; and
the Type 874-LK Constant-Impedance
Adjustable Line, an indispensable ac-
cessory in impedance measurement.

What next? Standard-Signal Gener-
ators. Old timers will recall that General
Radio made the first one — in 1928.
Shown here are two of General Radio’s
most popular modern signal generators
— the Type 1001-A for the range 5 kc
to 50 Mc and the TypeE 1021-A for fre-
quencies from 50 Mc to 920 Mec. De-
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signed for simplicity and convenience
in use, these generators met with im-
mediate acceptance by the industry.v
Note the full line of accessories: voltage
dividers, test loop, 50-t0-300-ohm trans-
former, and crystal modulators. New
is the Type 1000-P7 Balanced Modu-
lator which makes possible pulse or 100
per cent sine-wave modulation with a
20-Mc band, at frequencies up to 2500
Mec. With the TypeE 1217-A Unit Pulser
(in the next panel) it makes an excellent
combination for pulse-modulating the
TypE 1021-AU Standard-Signal Gen-
erator.

Now, something special — Unit In-
struments, a high quality, low-priced
line that no laboratory should overlook.
These are the basic instruments that do
the everyday laboratory tasks — oscil-
lators, amplifiers, null detectors, fre-
quency standards, power supplies.

Brand new: the Unit Pulser and the
Unit I-F Amplifier. Ask for a demon-
stration of the Unit Pulser. You’ll be
surprised that so few cubic inches can
pack so much performance. You’ll be
more surprised that it can be done for
so few dollars!

The Unit I-F Amplifier is the uni-
versal laboratory instrument. It’s a
U-H-F null detector, wave analyzer,
and voltmeter, plus a lot of other things.
Be sure to see it.

The next panel holds items for which
General Radio is justly famous — Labo-
ratory Standards; decades; resistive,
capacitive, and inductive devices of
many kinds; some in cabinets for bench
use, others unmounted for building into
your own equipment. You may be fa-
miliar with most of them, but there are
some new items here, among them a new
decade voltage divider. Better stop and
have a second look. -5

Just ahead are Impedance Bridges,
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another long-time General Radio spe-

_ cialty. What would you like to measure—

resistance, capacitance, inductance, di-
electric constant, dissipation factor,
conductance, susceptance, standing-
wave ratio? At what frequency — d-c,
power, audio, ultrasonic, low, medium,
high, very-high, ultra-high? Here is a
representative selection from General
Radio’sextensiveline,including the TyprE
1604-B Comparison Bridge described
in this issue of the Experimenter. Photos
and specifications of all the others.

Next, Meters — voltmeters, power
meters, light meters, distortion meter,
the audio-frequency microvolter — Gen-
eral Radio makes many types. Don’t
fail to look at General Radio’s two
vacuum-tube voltmeters. Incidentally,
General Radio developed the first of the
peak-indicating types in 1936.

The TypE 1800-A with wide-fre-

% quency range, wide-voltage range, d-c
” and a-c scales, and =42 per cent ac-

curacy is the standard of the industry.

But don’t overlook the utility model,
TypeE 1803-A. For general-purpose volt-
age measurements up to 100 Mec, with
an accuracy of =£3 per cent, it’s an
amazing buy — $155.00.

Everybody has heard of how a distor-
tion meter measures distortion, but few
realize what a useful laboratory instru-
ment it can be. Read the article in the
July, 1953, issue of the Experimenter by
W. P. Buuck of our Standardizing Lab-
oratory, and learn what the TyprE 1932-A
Distortion and Noise Meter will do for
you in circuit analysis. See it on display
here.

Next we see the Random Noise Gen-
erator, an instrument of many uses, in
acoustics, in circuit and meter testing,
n crosstalk measurement, and in psy-

¥ chological and statistical studies. The

demonstration here shows the truly

FEBRUARY, 1954

random nature of the generator output.
One generator feeds the horizontal
plates, the other the vertical plates, of
a cathode-ray oscilloscope. The resulting
pattern has been termed a ‘‘two-dimen-
sional Brownian movement.”” If you
would like to learn more about random
noise and about the generator, ask for a
copy of the General Radio Experimenter
for December, 1951, which contains an
excellent article on the subject.

Just beyond is the General Radio
Sound-Measuring System — sound-
level meters, accessory microphones,
calibrator, and spectrum analyzers. Do
you have a noise problem in your plant?
This equipment can help you.

These instruments are also widely
used for general acoustic measurements,
sound transmission and attenuation,
loudspeaker characteristics, etc.

Ask to see the Sound-Survey Meter, a
pocket-size instrument of a hundred
uses — for noise surveys in offices, fac-
tories, stores, and vehicles; for com-
parisons of product noise; in classrooms,
theaters, acoustic demonstrations, sound
system adjustments, and many others.

See also the vibration measuring in-
struments — vibration meter and spec-
trum analyzer, for solid-borne vibrations
down to two cycles per second.

Intended primarily in calibrating
sound-level meters, but also useful as a
general purpose test-tone source, is the
new TyPE 1307-A Transistor Oscillator,
producing two volts across 600 ohms at
400 and 1000 cycles. Uses a P-N-P
junction-type transistor and is complete
with batteries in a pocket-size case.

Next, a brand new device, the TyPE
1570-A Avutomatic Line-Voltage Regu-
lator — 6 KVA capacity — +0.25 per
cent regulation — rapid response — no
waveform error — a must for the
laboratory and for those measurements
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in the field at the end of a power line.
The secret of its superior performance is
the sensing and control system — a
servomechanism, rather than the relays
that most other types use.

Variac® Autotransformers occupy our
next panel — you can buy variable auto-
transformers from several manufac-
turers, but only Variac® has Duratrak,
the stabilized brush-track surface. Dura-
trak is the most significant advance since
the original wvariable autotransformer
was invented by General Radio in 1933.
It truly makes the variable autotrans-
former as durable as a fixed-ratio trans-
former.

We have operated Dwuratrak-treated
models side by side with untreated
brush-track types (our own as well as
other makes) on severe short-period
overload tests, with output currents
many times their normal ratings. In
every case, Duratrak models are un-
harmed when untreated types burn out.

GENERAL RADIO EXPERIMENTER 4

Next, parts — General Radio quality
parts are justly famous — knobs, dials,
potentiometers, air capacitors, trans-
formers, connectors, binding posts, and
chokes — all are designed for instru-
ment use; all are used in our own
instruments.

And, speaking of dials, don’t miss the
motor drive for precision dials shown
on the new TyrE 1304-B Beat-Frequency
Oscillator on the table at the front of
our booth. The TypE 1304-B is the
latest model of the popular General
Radio beat-frequency oscillator. New
features: an output voltmeter; addition-
al 20 ke to 40 ke range; new output
amplifier using the single-ended, push-
pull circuit.

Many General Radio instruments not
actually displayed are illustrated in our
exhibit by color transparencies. Ask our
engineers about them. Bring us your
measurement problems; we shall do our
best to help you solve them.

THE COMPARISON BRIDGE

A VERSATILE PRODUCTION-TEST

INSTRUMENT

The inclusion of a 400-cycle test fre-
quency makes the new TypeE 1604-B
Comparison Bridge even more useful
than its predecessor." This versatile in-
strument, which combines the accuracy
of a laboratory bridge with the speed
required for production testing, has met
with ready acceptance in the electrical
and electronics industries, as well as in
a number of other fields where its im-
mediate application is not so evident.

1M. C. Holtje, ‘‘A New Comparison Bridge for the Rapid
Testing of Components,”’ General Radio Ezperimenter,
Vol. XXVII, p. 7, December, 1952.

Figure 1. Panel view of the Type 1604-B Comparison
Bridge.
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The TyprE 1604-B Comparison Bridge

y uses a precision potentiometer in the

ratio arms for changing the bridge ratio
by =+20 per cent from unity, and a
differential capacitor for balancing the
dissipation factor difference. A range
switch shunts the precision potentiom-
eter to provide a &5 per cent range for
the most precise comparisons. Figure 2
is an elementary schematic diagram of
the circuit.

Careful design and manufacture have
made possible a superior degree of per-
formance, in accuracy, sensitivity, sta-
bility, and range. The basic accuracy of
0.1 per cent is maintained over an im-
pedance range of 2 ohms to 20 megohms.

The design and manufacturing fea-
tures that contribute to this performance
have been discussed in a previous
article.’

THREE TEST FREQUENCIES

The two test frequencies, 1 ke and
5 ke, on the original bridge, made pos-
sible somewhat greater ranges of meas-
urement than would be possible with a
single frequency, and, in addition, the
5 ke frequency is useful in showing up
the effect of differences in distributed
capacitance of coils. The 400-cycle test
frequency now available in the new
model is useful in measuring high-in-
ductance coils whose apparent induct-
ance, even at 1000 cycles, might be
affected by the distributed capacitance.
It is also useful for those measurements
which must be made in accordance with
test codes that specify 400 cycles.

Measurement at these frequencies
avoids the possibility of errors resulting
from 60-cycle hum pickup, which can
be serious when the measurement fre-
quency is 60 cycles, particularly in the
measurement of coilsand smallcapacitors.

1Loc. cit.
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Figure 2. Elementary schematic circuit diagram of the
bridge.

TWO METHODS OF USE

An outstanding feature of the Com-
parison Bridge is its adaptability to
either direct measurement or high-speed
sorting. In direct measurement, the un-
known is compared against a suitable
standard, the bridge dials being rotated
until the cathode-ray tube indicates a
null. The difference between standard
and unknown is then indicated by the
dial settings. For high-speed sorting, the
cathode-ray tube can be calibrated at
the desired sorting tolerance and used
to give a continuous ‘‘go, no-go’ in-
dication.

The rapid, no-overshoot response of
the cathode-ray null indicator is par-
ticularly valuable in this kind of testing.

AUTOMATIC SORTING

An interesting application of auto-
matic-sorting technique is shown in
Figure 3 where the Comparison Bridge
is used for automatic sorting of capacitors
in project ‘“Tinkertoy.” Capacitors from
a hopper are fed past the unknown ter-
minals of the bridge. They are measured
and sorted automatically into one of
three bins according to their value, at a
rate of two per second.

The large error signal available at the
plates of the cathode-ray indicator can
be used in many ways to operate auto-
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GENERAL

matic equipment limited only by the
ingenuity of the designer.

One of the simplest methods to oper-
ate automatic equipment is shown in
Figure 4. In this circuit, the error voltage
is rectified and used to bias a thyratron
to cut-off. If the unknown component is
within tolerance, the bias will be reduced
to the point where the thyratron will
operate the relay. Sufficient sensitivity
is available to select components within
0.02 per cent of the desired value. The
gain control on the bridge can be used

RADIO EXPERIMENTER 6

Figure 3. PROJECT TINKERTOY is the code name as-
signed to a program conceived and developed by the
National Bureau of Standards for the Navy Bureau
of Aeronautics, which involved the Modular Design of
Electronics (MDE) and the Mechanized Production of
Electronics (MPE).

More than 20 machines are utilized to produce elec-
tronic subassemblies automatically. Uniformity and
reliability of product is achieved by employing auto-
matic 100 percent inspection at nearly every station
in the production process. This photograph shows
equipment used in automatic inspection of titanate
capacitors for specific capacity value. Type 722 Pre-
cision Capacitors with a range of from 110 to 1100
micromicrofarads and a Type 1604 Comparison Bridge
are incorporated in the inspector. One of the precision
capacitors is set at the upper tolerance limit of the re-
quired capacity, and the other is set at the lower
tolerance. As the titanate bodies exit from the vibrator
feeder, all silvered surfaces are checked for con-
tinuity. The capacitor is then automatically released
and falls into the inspection circuit containing the pre-
cision capacitors and comparison bridge. The output
of the bridge controls three inspection circuits: one to
reject those capacitors that are above the upper
tolerance, another to reject those bodies below the
lower tolerance, and the final circuit to accept the
capacitors that fall within the required tolerances. The
automatic inspection of a single capacitor can be ac-
complished in less than half a second.

to decrease this sensitivity to sort to any
tolerance. A simple circuit like this
operates on the magnitude of the error
signal and will reject components if
either the impedance or dissipation
factor is outside the limit set.

STANDARD
For production testing, the standard
need not be a precision laboratory stand-
ard, but can be a component, similar to
those being checked, which has been
measured independently. A standard

Figure 4. Simple circuit for operating automatic sorting equipment.
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precisely at the desired value is not
necessary, since an offset zero is provided
within the bridge. Thus, if &=2 per cent
resistors are being sorted and the avail-
able standard is off 1.3 per cent, the
bridge zero can be offset exactly 1.3 per
cent and the resistors checked as if a
perfect standard were available.

To select or to check matched pairs of
components, no standard is necessary.
The pairs are simply connected to the
standard and unknown terminals, the
difference between the components being
indicated directly by the bridge.

OTHER TYPICAL USES

Figure 5 shows the bridge being used
to adjust an air core inductor used in
the TyrpeE 1181-A Frequency Deviation
Monitor to within 0.1 per cent of the
standard coil. The start of the inductor
winding is connected through a slip ring
on the turntable to the bridge. The other
end of the inductor winding is connected
directly to the bridge. After the bridge
is set to the desired value, turns are re-

FEBRUARY, 1954

moved from the coil until the cathode-
ray indicator shows an exact balance.

One of the most time-saving applica-
tions of this bridge at General Radio
Company is the testing for tracking of
ganged potentiometers and capacitors.
Figure 6 shows the four-gang condensers
used in the TypE 1302-A R-C Oscillator
being checked before assembly. In a few
seconds the condensers can either be
adjusted to track correctly or rejected.

Other uses include checking trans-
former turns ratio or balance in center-
tapped windings, and the measurement
of capacitors as small as fractional
micromicrofarads. Measurement of the
changes in impedance of chemical solu-
tions is also possible, permitting precise
control of some chemical processes. The
high accuracy and versatility of the
TypE 1604-B Comparison Bridge make
it extremely useful for nearly all produc-
tion and engineering jobs where the
quantity to be measured can be reduced
to a change in impedance.

— M. C. HoLTJE

SPECIFICATIONS

Deviation Range: For impedance difference,
+59% and 209, selected by a panel switch.
For dissipation factor difference, =+.006 at
400 ¢, #=.015 at 1 ke, =.075 at 5 ke.

Impedance Range and Accuracy: Impedances be-
tween 22 and 20 M$ can be compared. For
the 59, deviation range, the basic accuracy is
+0.1%, but at extreme values of impedance
the error is somewhat greater. The range for
resistors, capacitors, and inductors for which the
+0.19, accuracy applies is given in the table:
Frequency R L C

400 ¢ 292 to 20 M| 2 mh to 1500 h|100 uf to 50 pepf
1 ke (22 to 20 M| 1 mh to 250 h| 30 uf to 50 puf
5ke |42 to 2 MQ|200 uh to 10 h| 2 uf to 50 puf

These ranges apply for comparison of com-
ponents whose dissipation factor differences
do not exceed .02. On the 209, deviation range,
the accuracy is =+0.59% over the same im-
pedance ranges.

Dissipation Factor Accuracy: The accuracy of
measurement, of differences of dissipation factor
is:

Frequency Accuracy
400 ¢ +(0.0002 + 29% of the impedance diﬁ'erenceg
1 ke | 4(0.0005 4+ 29, of the impedance difference
S5 ke | 4(0.0025 4+ 29, of the impedance difference)

Frequency: Frequencies of 400 ¢, 1 ke, and 5 ke
are provided, selected by panel switch. The
frequency is within =39, of the nominal value.

Grounding: Two ground positions are provided,
one of which grounds the junction of the stand-
ard and unknown impedances. With this con-
nection, the total impedances between the high
terminals and ground are compared. In the
other connection, the junction of the ratio arms

Figure 5. The Comparison Bridge used in adjusting
an air-core inductor to 0.19% tolerance at General
Radio’s West Concord (Mass.) plant.
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of the bridge is grounded, leaving both termi-
nals of the standard and unknown ungrounded.
With this connection, the direct impedance be-
tween terminals of a component is measured,
and terminal impedances to ground, within
certain limits, will not affect the bridge balance.

Voltage Applied to Unknown: Approximately one
volt, for impedances above 500 Q. For lower

Type

GENERAL RADIO EXPERIMENTER 8

Figure 6. Another application in our own plant: test-

ing and adjusting four-gang capacitors for proper

tracking. The bridge is also used in the adjustment of
ganged potentiometers.

values of impedance the voltage is decreased,
corresponding to a source impedance of the
order of 100 €.

Zero Adjustment: An adjustable index mark is
provided with locking means so that the zero
can be offset to correspond to the deviation of
the standard component from the desired
nominal value.

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

Accessories Supplied: Line-Connector cord.

Accessories Required: Adjustable calibrated stand-
ards such as the Tyre 1432 Decade Resistors,
TyprpE 219 Decade Capacitors, and Type 1490
Decade Inductors may be used. Fixed standards
such as the Type 509 Standard Capacitors,
TypPE 1481 and TypPE 1482 Inductors, and TypPE
500 Resistors may also be used whenever ap-
propriate values are available.

For production tests, the standard is often a
component of the type to be tested, that has
been measured independently or otherwise
selected.

Accessories Available: TYPEs 1231-P2 and 1231-
P5 Filters for providing frequency discrimina-
tion.

Mounting: Welded aluminum cabinet.
Dimensions: (Width) 12 inches, (height) 1414
inches, (depth) 10 inches, over-all.

Net Weight: 2214 pounds.

Code Word Price

1604-B

I Comparison Bridge. . .. .........

FATTY |  $390.00

Licensed under patents of the Radio Corporation of America.

Delivery from stock, as with 9 out of 10 General Radio products

GENERAL RADIO COMPANY

SINCE 1915—MANUFACTURERS OF ELECTRONIC APPARATUS
FOR SCIENCE AND INDUSTRY

275 MASSACHUSETTS AVENUE
MASSACHUSETTS
TRowbridge 6-4400

CAMBRIDGE 39
TELEPHONE:

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK LOS ANGELES 38, CALIFORNIA CHICAGO 5, ILLINOIS
90 WEST STREET 1000 NORTH SEWARD STREET 920 SOUTH MICHIGAN AVENUE
TEL.—WOrth 2-58372 TEL.—HOIllywood 9-6201 TEL.—WAbash 2-3820

REPAIR SERVICES

WEST COAST

WESTERN INSTRUMENT CO.
826 NORTH VICTORY BOULEVARD
BURBANK, CALIFORNIA
TEL.—ROckwell 9-3013

CANADA

BAYLY ENGINEERING, LTD.
FIRST STREET
AJAX, ONTARIO

TEL.—Toronto EMpire 8-6866
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