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A NEW UNIT OSCILLATOR, 180 to 600 Mc

Butterfly circuits with their wide
tuning ranges and trouble-free operation
at frequencies from about 100 to 1000
Mec are used in many General Radio
Unit Oscillators. Their wide ranges and
stable characteristics have helped to es-
tablish these inexpensive and versatile
units as almost indispensable equipment
in many laboratories and on many test
benches.

Butterfly-type unit oscillators for 50
to 250 Mc and for 250 to 920 Mec have
been available, but, in order to cover
the military aeronautical bands between
225 and 420 Me, both of these units are

needed. The new Type 1209-BL Unit
Oscillator covers this range in a single
unit.

As the type number indicates, the
new unit oscillator is a modification of
the familiar 250-t0-920 Me¢ Typr 1209-B
Unit Oscillator. By elimination of one
of the two parallel inductance branches
of the butterfly circuit, all frequencies
are reduced by a factor of /2. At the
same time the minimum output obtain-
able at any frequency is increased from
200 to 300 milliwatts. All other charac-
teristics and the external appearance
are unchanged.

SPECIFICATIONS

Frequency Range: 180 to 600 Me.

Tuned Circuit: Modified butterfly, with no slid-
ing contacts.

Frequency Control: 4-in. dial with calibration
over 270°. Precision drive with 414:1 reduction.
Frequency Calibration Accuracy: + 1.

Warm-up Frequency Drift: 0.27,.

Output System: Short coaxial line with adjust-
able coupling loop on one end and coaxial con-
nector on other. Maximum power can be de-
livered to load impedances normally met in
coaxial systems.

Output Power: Into 50 ohms, 300 mw at any
frequency.

Modulation: Plate modulation of 309, at audio
frequencies can be produced by external source
of 40 volts. Input impedance is about 8000

ohms. When amplitude modulation without
incidental f-m is required, the Type 1000-P6
Crystal Diode Modulator or Type 1000-P7
Balanced Modulator is recommended.

Power Supply Requirements: 330 v at 36 ma;
6.3 v at 0.4 amp.

1 R Y

Power Supp R

Standard: Type 1203-B Unit Power Supply,
115 volts, 50 to 60 cycles.

Stabilized Plate Voltage: Type 1201-A Unit
Regulated Power Supply, 105 to 125 volts, 50
to 60 cycles.

Battery Operation: Type 1202-A Unit Vibra-
tor Power Supply, 6-or 12-volt battery or 115
volts, 50 to 60 cycles.

Adjustable Plate Voltage: Type 1204-B Unit
Variable Power Supply, 115 volts, 60 cycles.

Figure 1. (Left) View of butterfly circuit in the Type 1209-B Unit Oscillator.
(Right) Rear view of Type 1209-BL, showing how one of the parallel inductance branches of the butterfly is
removed to lower the frequency range.
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Constant Output Level vs. Frequency: TyPE
1263-A Amplitude Regulating Power Supply
with Type 874-VR Voltmeter Rectifier, TypPE
874-Q6 Adaptor, and Type 274-NF Patch
Cord, 115 or 230 volts, 50 to 60 cycles.
Oscillator Tube: Sylvania Type RT 434.

Mounting: Aluminum casting surrounded by
spun-aluminum shield. Assembly is mounted
on IL~shaped panel-and-chassis piece.
Accessories Supplied: Type 874-R22 Cable,
Type 974-C58 Cable Connector, Jones socket,
and telephone plug.

ies  Availabl Modulator, Sweep
Drn('\ Relay Rack Adaptor Panels are avail-
able as listed in General Radio Catalog.
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o g 217 3 s 17 3
gi‘m:;“'_m.'s' H_(_lg‘hﬁ 6J4 in, width 9}4 in, Figure 2. Panel view of the Type 1209-B Unit Oscil-
SR T0 ONEE A lator. The new Type 1209-BL is identical in appear-
Weight: 614 1bs. ance except for the frequency calibration on the dial.
Type Code Word Price
1209-BL I Unit Oscillator, 180 to 600 Mc ............. Py I ADMIT I $245.00

PHASE-ANGLE MEASUREMENT ON RHEOSTATS

An analysis of the effects of inductance
and capacitance, both lumped and dis-
tributed, on the phase angle of a potenti-
ometer used as a rheostat was presented
in a previous article.’ The distributed
capacitance was assumed to be between
the winding and a conducting surface
(the housing, a metal mandrel, a mount-
ing plate, or a shield), and the curve of

1H. l’.ill:xll. ““The Phase Angle of Potentiometers used

the phase angle (0) vs. fractional rota-
tion (a) took various shapes, depending
upon the potential of the conductor.
These formulas and curves are sum-
marized in Figure 1. The measured
curves of the previous article were
chosen to illustrate each effect separately.
This article will describe the phase-angle
characteristics of several potentiometers
to show how their curves depend upon a

e sostats.” Gene . S , 32, 4, Sep- . o AR
f&:}é&;:’?&,}f General Radio Experimenter, 32, 4, Sep: combination of several effects.
Figure 1.
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Measured Curves

Measured curves of 8 vs. « for various
potentiometers are given in Figures 2
to 8. The 6 values are all given for 1 ke
in order to facilitate comparison, al-
though many of the measurements were
made at higher frequencies in order to
increase the sensitivity. The curves for
the different types of potentiometers
show quite a variation in magnitude and
shape. The capacitances are more or less
constant for all potentiometers of one
type; a change in resistance should
change only the resulting magnitude
of 8. The inductance, however, depends
upon the number of turns and wire size,
so that it will vary as the resistance
changes. The effect of resistance magni-
tude is illustrated in Figures 5 and 7,

JANUARY, 1958

where two potentiometers of the same
type are measured.

On potentiometers that do not have
a metal case, such as the General Radio
Type 970 Series, the ‘“no plate” curve
may be approached by using spacers to
mount the potentiometer to the metal
mounting plate. Figure 8 shows the
behavior of a Typre 977 Potentiometer
spaced 14 inch from the mounting plate,
which gives substantial improvement
over the curves of Figure 5. The “float-
ing conductor” curve often gives the
lowest 6 for potentiometers with a metal
case, but the case potential is affected
by nearby objects. The “grounded con-
ductor” connections usually result in
an inductive phase angle, which can be
easily compensated with a capacitor
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across the terminals. Not too many ap-
plications, however, would use this
three-terminal connection.

These measured curves show some
similarity to the curves of Figure 1, but
large differences are apparent. The
curves of Figure 1 show the effect of
each parameter separately, whereas
measurements on the potentiometer
show the effects of several parameters
simultaneously. To illustrate these com-
bined effects, Figure 9 shows an attempt
to synthesize the curves of Figure 5
with the following constants assumed:
C,, = winding-to-plate capacitance
24 puf, distributed

C,, = rotor-to-plate capacitance
3 wuf, lumped

C,, = winding-to-rotor capacitance
4.5 puf, distributed

Il

GROUNDED
o8 PLATE
g
+200| g 1
& | — 1.0
3060 \ | \‘ =0 NO PLATE
N FLoaTinG
= \ PLATE
|
, \ L
| \7
[
|

NI
~1200| T \

FIGURE 7
o g
| | | I

€ AT lkc IN MICRORADIANS

\ PLATE TO
ROTOR

&

PLATE TO
END

PHASE ANGLE CHARACTERISTICS

FOR
TYPE 977-F, 20Kl WIREWOUND POTENTIOMETER

l 1 GROUNDED

o 130 o LATE
Z
< 7 —
2 +100—
ol wi \\ NO PLATE
g LI NN 4
s 05 0
= |

~100 \\ \‘ FLOATING
2 PLATE
b= Il
< \
et N
w | \
= | | -2 PLATE TO
- | ROTOR
3 -500 1 o
3 FIGURE 9 ‘ NG
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SYNTHESIZED PHASE ANGLE CURVES

("4 = capacitance across terminals =
1 puf, lumped
wl y
%L =240 uradians, constant

As the various plate connections are
made, the effect of C,, changes as do
the curves of Figure 1. However, C is
always across the terminals, and the
effect of C,, is always as given by the
“conductor-tied-to-rotor” formula. The
capacitance (,, is shunted out in the
plate-tied-to-rotor case, shunts the po-
tentiometer when the plate is tied to the
end, has no effect in the grounded-plate
connection, and is not present when
there is no plate.

These synthesized curves show a much
closer approximation to the measured
curves, but differences are still apparent.
One cause of these differences is the

0L=
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effect of capacitance from the winding
and from the mounting plate to ground
or to free space, which may be several
micromicrofarads. This capacitance in-
creases if grounded surfaces are brought
near the plate. The effect of the winding-
to-ground capacitance is the same as
that of the capacitance from winding to
plate in the “grounded-conductor” case
when a direct measurement is made.
This capacitance affects mainly the “no-
plate” curve and makes it more positive.
The plate-to-ground capacitance affects
only the “floating-plate’ curve, and, al-
though the effect is more complicated, it
makes this curve more positive also.
Figure 10 shows an equivalent circuit
for the “floating” case with the ground
capacitance added, where the § measured
is that of the direct impedance, % -
Another reason for the differences is
the assumption that the stray capaci-
tances are evenly distributed. For ex-
ample, the assumption that the winding-
to-rotor capacitance is evenly distributed
is only a fair assumption for Series 970
Potentiometers, which have a ring rotor
structure, and would not hold at all for
most potentiometers. If there were ca-
pacitances from the rotor to that part of
the winding near the rotor contact, 6

1
would vary as — . rather than as —a®

Figure 10.

EQUIVALENT CIRCUIT FOR FLOATING PLATE WITH
CAPACITANCE TO GROUND-
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l.64 ppt
I °

o AMA o

l WWWWA 1—0 Tppt
3.8yyf_L TB.an T

"™ CASE
EQUIVALENT CIRCUIT FOR POTENTIOMETER OF FIGURE 3

Figure 11.

as it does in the evenly distributed case.
Not all the capacitances are included in
the synthesized plots. In addition to the
ground capacitance, there is probably
some terminal-to-plate capacitance,
which was not taken into account. Ca-
pacitances between various parts of the
winding may also have a slight effect.

Still another effect is the presence of
lumped capacitances which vary with
«. For example, the capacitance from
the terminal structure to the rotor will
vary as the rotor is moved.

The curves for the carbon pot (Fig-
ure 3), which are almost straight lines,
may be closely approximated if only the
lumped capacitances shown in Figure 11
are considered. The area of the resistive
element in this type of potentiometer is
very small, so that distributed capaci-
tances to the element are relatively
small.

Summing up, we see that, although
a combination of simple effects gives an
approximation to the measured curves,
differences are apparent, which are
caused by additional factors that are
much harder to analyze.

Phase-Angle Characteristics of General
Radio Type 970-Series Potentiometers

Because several customers have in-
quired about the phase-angle character-
istics of our 970-series pots, approximate
specifications are given below. Usually
it is not necessary to know the exact
shape of the curve; the extreme values
will be sufficient. The curve shapes are
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TABLE |
INDUCTIVE PHASE ANGLE
APPROXIMATE 6, in MICRORADIANS at 1 ke

Potentiometer Type No. 971 972 973 974 975 976 977 978
Type Letter ~ Ohms
B 2 6500
C 5 6300 9300 | 10600
D 10 1800 | 3900 4900 | 9500
E 20 740 1800 2200 | 4900
F 50 620 910 1200 | 2800
G 100 460 610 850 980
H 200 340 430 730 760
J 500 350 410 640 750 890
K 1 K 130 440 330 640 730 900 | 1200
L 2 K 72 102 147 275 360 610 820 980
M 5 K 63 73 120 170 215 420 610 990
N 10 K 30 68 80 120 165 210 240 730
P 20 K 16 15 35 62 130 130 200 250
Q 50 K
R 100 K For these resistances, inductive effects are negligible compared to
T 200 K capacitive effects.
] 500 K

TABLE 1l
CAPACITIVE PHASE ANGLE at « =1
¢ max in MICRORADIANS at 1 k2 and 1 ke

Potentiometer Type | 971 972 | 973 | 974 | 975 | 976 | 977 | 978

No Plate — 6.8 [&=11 — 86| —94| -7 | —12 —13 —10

Plate to Ground + 34|+ 4|+ 57|+ 33|+11 | + 52 +12 S e
Connccted 12 Winding End| —29 —-33 —35 —36 —55 | —57 —81 —81
to Rotor —26 —31 —-30 —35 —46 | —50 —66 —68

Floating — 83| —13 — 6.5 | —12 —14 | —18 —20 —17

These values depend upon the dielectric

constant of

phenolic, which varies with batch and with frequency.

quite similar for the various size pots, so
that the complete curves can easily be
approximated by drawing curves similar
to those of Figures 4, 5, and 6.

Table I gives the approximate value
for 6;, the component of 6 due to wind-
ing inductance for each size of each type
of pot, except for the very large resist-
ance values where the inductive effect
is negligible compared to the capacitive
effects. Table 11 gives 6¢ ... the 6 value
at a = 1 caused by the capacitive effects.
The value of 6¢,,, depends upon the
connection used and is negative except
for the grounded-plate connection. The
mounting plates used for these measure-
ments were square, and the edge dimen-
sion was one inch greater than the di-
ameter of the pot.

To get the values at « =1, the ap-
propriate value of 6;, and 6 ,,,. should be
chosen. The value of § at « = 1 is then:

0=f (BL A R@C )

where f is in kilocycles and R in kil-
ohms. As a approaches zero, 6, for the
synthesized curves, approaches 6; as
shown in Figure 9. Actually, as shown
in Figure 5, the inductive component of
6 drops off at low values of «, where the
full extent of mutual coupling has not
been established.

Measurement Technique

These measurements were made on
a General Radio Tyee 1605-A Imped-
ance Comparator’, using small fixed re-
2Hall, H. P,, and Holtje, M. C., “A High Precision

Impedance Comparator,” General Radio Experimenter,
30, 11, April, 1956.
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sistors as phase-angle standards. This
instrument presents on two meters the
difference in magnitude and the differ-
ence in phase angle between the standard
and the unknown impedances. The high
sensitivity (one division = .0001 radian
on the most sensitive range) and the wide
frequency range (100 ¢, 1 ke, 10 ke, and
100ke) make possible measurements over
a very wide range of time constant
0/ w).

In the measurement, the rheostat is
adjusted for an approximate magnitude
null, and then the A8 value is read from
the meter. For the most precise meas-
urements, the standard resistors should
have low capacitance and short leads.
Because we are interested in the 6 dif-
ference, the capacitance of leads to the
rheostat can be balanced out by using
similar leads to the standard.

It is interesting to see how direct
measurements can be made if the rheo-
stat is adjusted for a magnitude balance.
The shunting capacitances C4 and Cp
(Figure 12) have no effect in a direct
measurement. (4 shunts half of the
tightly coupled bridge transformer and

JANUARY, 1958

causes negligible error if it is of reason-
able size (less than .0001 radian error
for C4 = 0.1uf at 1 ke). The other stray
capacitance, Cp, shunts the input and

p—=—TO DETECTOR.

ZRs
d

BRIDGE CIRCUIT WITH STRAY CAPACITANCE
Figure 12.

1
causes an error of 9 AR w(Cp, where AR

is the resistance difference between
the rheostat and the standard resistor.
It 1s of course impossible to set
AR =0, particularly for wire-wound
potentiometers of limited resolution.
However, if Cp is of the same order of
magnitude as the capacitance causing
the phase angle, the error is usually
negligible.

The author wishes to thank R. G.
Fulks and J. M. Flower for making
many of the measurements used in this
article.

—H. P. Harn

THE NEW MIDWEST OFFICE

July 15, 1957, marked the opening of
our new office in Oak Park and the clos-
ing of the old office at 920 South Michi-
gan Avenue in Chicago, which had been
in operation since 1943. During the in-
tervening years, the office had grown in
size more than threefold. This expansion
in personnel together with our plans for
a Midwest repair department made it
necessary to move to larger quarters. A
suburban location was desirable, because
more and more of our customers were
moving away from the downtown area.

Our new location at 6605 West North
Avenue is in Oak Park about ten miles
west of Chicago’s Loop. Easy access to
and from locations in Chicago is pos-
sible via North Avenue, the main east-
west artery, or the Congress Expressway
located nearby. Also, several north-
south arteries, such as Harlem Avenue
and Cicero Avenue, are in the vicinity.
Convenient, public transportation is also
available, while those who drive will
find the location easily and will have no
difficulty in parking. There is a parking
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lot at the rear of the building as well as
ample space on the adjacent streets.

There is a large demonstration room
equipped with representative General
Radio instruments and soon a good
stock will be available for over-the-
counter sales.

The New Service Department

One of the major considerations in
the new location was to provide a com-
plete factory service department, and
about one half the space is now devoted
to servicing General Radio equipment.
Alfred J. Guay, a factory-trained serv-
ice engineer, is in charge of this opera-
tion and is ably assisted by expert serv-
ice technicians. This department has
been in operation since August 1. Facili-
ties are available for standardization,

Sales engineers at the Midwest office. Left, Bob Bard;
right, Bill Ihde.

recalibration, and General

Radio instruments.

repair of

View of the new front door — 6605 West North Avenue, Oak Park, lllinois.
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The service laboratory at Gen-

eral Radio’s new Midwest office.

Left to right, Al Guay in charge

of service activities and George
Hanson.

For

interested in
making their own repairs, a good stock
of replacement parts is available.

Many service problems can be solved
by discussing them with us. Please call
on Bill Thde or Bob Bard if you have a
measurement problem, or Al Guay if

those customers
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you have a service problem in connec-
tion with GR equipment.

We cordially invite you to call or to
visit us at any time.

Telephone: VIllage 8-9400.

— WiLLiam M. Tubpe

SCIENCE FOR THE BLIND

A unique publication, Science Re-
corded, entered its third year in Oc-
tober, 1957. Science Recorded is a scien-
tific periodical, recorded on magnetic
tape, and sent each month to some 200
blind subscribers in the United States,
Great Britain, Australia, and Mexico.
It is handled by a nonprofit organiza-
tion, Science for the Blind, a subsidiary
of the Philadelphia Association for the
Blind. In the twelve months ending Octo-

ber, 1957, over 4000 tapes were sent out.

The staff is made up primarily of
volunteers who serve as readers "and
mailers. The editor is Professor T. A.
Benham of Haverford College, who is
well known for his work in the develop-
ment and adaptation of scientific instru-
ments for use by the blind.

Among the sources of material for
publication in Science Recorded is the
General Radio Experimenter.

... IMPORTANT...

Be sure to save the new General Radio price list enclosed, and file with
your Catalog O.

Effective date: January 20, 1958
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GR REPRESENTATION
FOR HAWAII

Radio-Television Corporation, TLtd.,
777 Ala Moana, Honolulu, Hawaii, has
been appointed General Radio’s repre-

sentative for the Territory of Hawaii.
Ira G. Mercer, Manager of the Elec-
tronics Division and well known in

electronic engineering circles both on the
mainland and in Hawaii,
charge of GR sales.

i1s in direct

All interested in electronic test equip-
ment and instrumentation questions are
cordially invited to get
our new representative.
number is 50-2901.

in touch with
The telephone

NEW LOCKING SYSTEM FOR UNIT INSTRUMENTS

General Radio Unit Instruments have
plug-in supplies. This feature
makes possible the most efficient use of
power-supply
the user to select either a regulated or an
unregulated supply, as the immediate
requirements may dictate.

With the rectangular-cabinet type of
unit instrument, it is possible to com-
bine this feature with the advantages of
a single structure. This is accomplished
by the use of locking strips, which hold
the power-supply and the in-
strument cabinet together, so

power

units and also permits

cabinet
firmly

Figure 1.

that they can be handled as a single as-
sembly. The locking strips are now sup-
plied with all rectangular-cabinet unit
instruments. Installation is simple, as
shown in Figure Two locking strips
are used, one at the top and one at the
bottom.

General Radio Company
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One of the earliest users
of the Type 1605-A Imped-
ance Comparator is Vitra-
mon, Inc.,, of Bridgeport,
Connecticut, manufacturers
of ceramic capacitors. Vi-
tramon uses Impedance
Comparators for produc-
tion testing, as shown in
the photograph, and also
for engineering tests to de-
termine the effects of en-
vironmental factors such as
temperature, humidity, im-
mersion, and vibration.

% GENERAL.RADIO
Xperimenter

Published Monthly by the General Radio Company
VOLUME 32 » NUMBER 9 FEBRUARY, 1958

CONTENTS gse
The Type P-582 Capacitance Bridge. . ...... D sl
Capacitance Test Bridge. . . . ..covvinennnnnnnn... 6
IRE — Radio Engineering Show. . ................. 8

The General Radio EXPERIMENTER is mailed without charge
each month to engineers, scientists, technicians, and others
interested in electronic techniques in measurement. When
sending requests for subscriptions and address-change
notices, please supply the following information: name,
company address, type of business company is engaged in,
and title or position of individual.

GENERAL RADIO COMPANY

275 Massachusetts Avenue, Cambridge 39, Mass.
Telephone: TRowbridge 6-4400

NEW YORK: Broad Avenue at Linden, Ridgefield, New Jersey
Telephone — N. Y., WOrth 4.2722
N. J., WHitney 3-3140
CHICAGO: 6605 West North Avenue, Oak Park, lllinois

Telephone — Vlllage 8-9400

1150 York Road, Abington, Pennsylvania
Telephone — HAncock 4-7 419

8055 13th St., Silver Spring, Maryland
Telephone — JUniper 5-1088

1000 North Seward St., Los Angeles 38, Calif.
Telephone — HOllywood 9-6201

SAN FRANCISCO: 1182 Los Altos Ave., Los Altos, Calif.
Telephone — WHitecliff 8-8233

99 Floral Parkway, Toronto 15, Ontario
Telephone — CHerry 6-2171

PHILADELPHIA:
WASHINGTON:

LOS ANGELES:

CANADA:

REPAIR SERVICES

General Radio Co., Service Dept., 22 Baker Avenue,
West Concord, Mass.

Telephone — Concord, EMerson 9-4400

Linco'n, Clearwater 9-8900

General Radio Co., Service Dept., 6605 West North
Ave., Oak Park, lllinois

Telephone — Vlllage 8-9400

Western Instrument Co., 826 North Victory Boule-
vard, Burbank, Calif.

Telephone — Vl<toria 9-3013

Bayly Engineering, Ltd., First St., Ajax, Ontario

Telephone — Toronto EMpire 8-6866

EAST COAST:

MIDWEST:

WEST COAST:

CANADA:

File Courtesy of GRWiki.org




FEBRUARY, 1958

THE TYPE P-582 CAPACITANCE BRIDGE
AN INSTRUMENT DESIGNED TO CALIBRATE CAPACITIVE FUEL-GAGE TESTERS

The full range of an airplane can only
be achieved if the plane lands with a dry
fuel tank. Any fuel left over has not only
reduced the range by not being used, but
it has also added to the weight of the
plane during the entire trip. A margin of
safety is, of course, necessary, but an ac-
curate fuel gage can keep this margin
from being unnecessarily large.

The fuel gage on a modern military
aircraft measures the fuel quantity by
measuring the capacitance of an element
inserted into the fuel tank'. This element
is, in effect, a capacitor whose capaci-
tance changes as fuel is replaced by air.
Periodic checks of the accuracy at full
and empty gage readings are made by
the substitution of a variable capacitor,
such as the MD-1 (GR Type P-579)
Field Variable Capacitance Tester,”*

1“*Tamperature (‘nmmvrb:\tcd Aireraft Fuel Gage,"” R. J.
Levine, ELECTRONICS, 27, 9, Beptember, 1954, pp.
160-1.

2'“A Calibrator for Aircraft Fuel Gages,” P. K. McElroy,
General Radio Exrpertmenter, Septe ml)or 1955.

3“Electronic Fuel Gage Tester, P thop ELEC-
TRONIC INDUSTRIES, May, 1957, p. 75.

for the tank elements. The gage can be
only as accurate as the test capacitor,
which, although of high precision, should
also be tested periodically, for an inac-
curacy could result in a loss of life. Thus
a bridge is necessary to test the tester
which tests the fuel gage.

The GR Type P-582 Capacitance
Bridge, shown in Figure 1, was devel-
oped to meet this need. Actually, origi-
nal specifications (MIL-T-4778 (USAF))
called for a bridge of somewhat differ-
ent design, but the Type P-582, which
meets the essential requirements, is a
smaller and lighter instrument, and yet
provides greater range, higher accuracy,
and has many convenience features.

After evaluation tests (including many
environmental tests) the P-582 was
given the militarily assigned commercial
standard designation TEST SET, CA-
PACITANCE BRIDGE, TTU 24/E,

PRECISION, THREE-TERMINAL,
DEPOT.

Figure 1. Panel view of the Type P-582 Capacitance Bridge.
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Figure 2. Basic bridge circuit.

This instrument is a self-contained
bridge system which includes a 400-
cycle oscillator and a sensitive null in-
dicator. Since the fuel gage measures
direct capacitance’, a “transformer
bridge”* was specified to make possible
direct  (three-terminal) capacitance
measurements.” The basic bridge circuit
is shown in Figure 2.

Capacitance from the unknown ter-
minals to ground shunts either the os-
cillator or the tightly coupled trans-
former and has no effect unless it is very
large (see specifications). In addition,
the inductively coupled “ratio arms” of
this type of bridge provide a ratio ac-
curacy unattainable by other types of
components. As a result, the accuracy of
capacitance measurements depends al-
most entirely on the accuracy of the
standard capacitor. The range is ex-
tended by changing the turns ratio of
the transformer. The transformer is in
the detector circuit which makes possible
a constant voltage on the unknown ca-
pacitor as the range is changed, with no
reduction in sensitivity. The transformer
is potted inside of two, high-permeability

4“Double Ratio A-C Bridges with Inductively Coupled
Ratio Arms,”” A. A. Clark and P. B. Vandeclyn. Proceed-
ings of IEE, 92, Part III, 1949, pp. 189-198.

5'‘Direct Capacitance and Its Measurement,”” R. F. Field,
General Radio Experimenter, November, 1933.
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shield cans to prevent stray fields from
affecting the balance.

The important feature of this bridge
is the T-network used in the “standard”
side of the bridge. The direct impedance
of this network balances out the direct
impedance of the unknown at balance.
The balance equations are:

Cx =C4 (M)

where M is a multiplier of 1 or 1/10 (as se-
lected) and Cx is the series capacitance of the
unknown.

DX = wR (CA = CB)

The sum (C4 + Cp) is kept constant, so
that R is proportional to Dy and, there-
fore, is directly calibrated in dissipation
factor. Other transformer-type capaci-
tance bridges require a computation to
obtain this quantity.

The standard capacitor, which forms
the differential unit consisting of C4 and
(g, is actually a 50-to-1100 uuf variable
air unit and a 1000-to-10,000 puf decade
of silvered-mica capacitors. The sum
(C4+ Cp) is kept constant by the ad-
dition of an extra set of stator plates
to a Type 722 Capacitor, and by dif-
ferential switching of the mica units.
On the X1/10 range the lower limit
is extended down by a factor of 1/10,
so that the over-all range becomes
Supf to 11,000 uuf. The accuracy of
the variable unit (with dial correction)
is & 0.4 uuf or & 0.19%, whichever is
larger. In the X1/ 10 position, this means
a bridge accuracy of = .04 uufor +0.19,
over the range of 5 to 110 uuf. The range
from 110 to 1100 puf can be covered in
either of two ways: (1) with the variable
air capacitor and amultiplier of X1;or (2)
by use of the mica decade and a multi-
plier of X1/10. When only the air ca-
pacitor is used, the accuracy of measure-
ment is 0.4 puf or 0.1%; with the mica
decade, which has a 0.19, accuracy, the
over-all accuracy is close to 0.19, just
as on the 1000-to-11,000 uuf range.
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The percentage accuracy for capaci-
tance measurement (with dial correc-
tion) is plotted against capacitance in
Figure 3, which also shows the original
specifications. The small jogs in the
curve are the effect of the 4= 0.4 uuf speci-
fication of the variable capacitor and are
of small consequence. The original speci-
fication called for a 1000 uuf variable ca-
pacitor with an accuracy of &= 0.2 uuf or
=+ 0.19,, which is unobtainable in pres-
ent capacitors without a much more de-
tailed correction chart than that called
for by the specifications.

The dissipation-factor accuracy is
+ 29, of reading = 0.0002. The small
losses of the mica decade are balanced
out by resistive networks on the un-
known side of the bridge which are
switched as the decade is adjusted.

The 400-cycle oscillator is thermistor
stabilized and uses a Wien bridge selec-
tive R-C network in a three-stage feed-
back circuit, which has such a high loop
gain that the frequency is practically in-
dependent of tube parameter changes.
The frequency-determining components
are GR precision resistors and capacitors.
A buffer cathode-follower amplifier is
added to prevent external loading from
affecting the frequency.

The detector circuit has several fea-
tures that facilitate rapid and accurate
balances. Two cascaded, selective, twin-
T, feedback amplifiers provide high

FEBRUARY, 1958

selectivity, and the sensitivity is more
than adequate for a precise balance. The
null indicator has a compressed response
and uses a ruggedized meter. Two panel
lights indicate the direction of capacitive
unbalance when the meter is upscale.
Thus it is not necessary to use a trial-
and-error method of deciding which
way to vary the standard capacitor
when the unknown is first connected.
This feature greatly reduces the time
required to balance the bridge and
usually makes gain-control adjustments
unnecessary.

It should be noted that, although this
bridge was designed for a particular pur-
pose, it is also suitable for general ca-
pacitance measurements at 400 cycles.
Its accuracy, range, portability, and self-
contained nature make it a most useful
instrument for precise, three-terminal
measurements.

The author would like to acknowledge
the contributions of the many people at
General Radio whose ideas were incor-
porated in the instrument. The guiding
hand behind the development was that
of P. K. McElroy, whose aid in the de-
sign also assured compliance with the
requirements of environmental tests.
The ideas of I. G. Easton and R. A. Sod-
erman were used in the circuitry, and
the layout was largely the work of H. G.
Stirling.

— Henry P. HaLL

Figure 3. Plot of percentage y versus cap ed.
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SPECIFICATIONS

Range: Capacitance: 5 puf to .011 uf.
Dissipation Factor: 0 to .11.

Accuracy: Capacitance: see Figure 3. Variable
Capacitor: on X1 Range, =+ 0.4 uuf or = 0.1%,
whichever is greater; on X1/10 Range, 4= 0.04
wuf or £ 0.19,, whichever is greater. Decade
Capacitor: == 0.1%, on both ranges.
Dissipation Factor: + 2% of reading =+ .0002.
Oscillator: Frequency: 400 eps =+ 0.25%.
Output: 25 volts nominal.
Distortion: less than 0.5%.

Detector:

Sensitivity of amplifier alone: 109, scale
deflection for 10 uvolts input.

Sensitivity of system: x1 MULTIPLIER po-
sition — 109, deflection for .05 puf AC.

x1/10 MULTIPLIER position—10%, deflec-
tion for .005 puf AC.

Selectivity of amplifier alone: down 56 db
at 800 cps, down 64 db at 60 cps.

Selectivity of amplifier and bridge trans-

former: down 50 db at 800 eps, down 80 db at
60 cps.
Effect of Impedance to Third Terminal (Chassis):
Impedance from the unshielded lead to chassis
shunts the oscillator and, therefore, causes no
bridge error. The output voltage is reduced
approximately 509, by shunt impedance of
5kQor 0.1 uf.

Impedance from the coaxial lead to chassis
shumts the bridge transformer. On the x1 MUL-
TIPLIER position, there is negligible effect
from a shunt of 1 kQ or 0.1 uf. On the x1/10

Type

Figure 4. View of Type P-582 Capacitance Bridge
with cover in place.

MULTIPLIER position, there is negligible
effect from 10 kQ or 0.01 wf.
Accessories Supplied: One power cord.
Tube Complement: 5-5751; 1-12AT7WA; 1-
6X4WA.
Power Supply: 105 to 125 volts, 50-60 cycles.

30 watts input at 115-volt line.
Dimensions: (Length) 2214 in. x (height) 14 in. x
(depth) 1234 inches over-all, including cover.
Net Weight: 55 lbs.

Code Word Price

P-582

f Capacitance Bridge. . .........

SUPER l Price on request

CAPACITANCE TEST BRIDGE
60/120-CYCLE MODEL NOW STANDARD ITEM

The special 60/120-cycle model' of
the popular Type 1611-A Capacitance
Test Bridge’ has enjoyed such wide-
spread acceptance that it now becomes
the standard model and will be known
as Type 1611-B. This bridge will meas-
ure capacitance and dissipation factor
over wide ranges; at a frequency of 60
cps from the power line and at 120 cps
from an external generator. Filters are
provided in the null-detector circuit for
both frequencies. Operation at other
frequencies, up to 1000 cps, is also pos-
sible, if suitable external generators and
filters are used.

120-Cycle Measurements

Capacitance measurements at 120 cps
are used primarily for the measurement
of polarized electrolytic capacitors. In
the majority of applications of these
capacitors, a 120-cycle ripple current is
superimposed on the applied unidirec-
tional voltage and, hence, it has become
standard practice to test such capacitors
at that frequency. The -capacitance

1“Electrolytic Capacitor Testing at 120 Cycles,” General
Radio Expervmenter, 28, 6, November, 1953, page 8.

I. G. Easton, ‘‘A 120-cycle Source for Electrolytic Capaci-
tor Testing with the Capacitance Test Bridge,"" General
Radio Experimenter, 31, 3, August, 1956, pp. 9-12.

2Ivan G. Easton, ‘A Wide-Range Capacitance Test
Bridge,” General Radio Experimenter, 23, 2, July, 1948,
pp. 1-8.
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range of the bridge is 1 pf to 11,000 uf
and the dissipation-factor range is 0 to
1209, when the frequency of the test
voltage is 120 cycles. The D dial is cali-
brated for 60-cycle measurements; at
120 cycles the correct value of dissipa-
tion factor is obtained by multiplying
the dial readings by a factor of 2.

Measurements at 60 cps have many
uses: In the laboratory and shop, for the
testing of paper, mica, and other capaci-
tors; in the electric-power industry, for
the shop testing of insulators, particu-
larly for the measurement of the dis-
sipation factor of bushings and insu-
lators, transformers, rotating machines,
and cable; in the electronics industry it
is used not only for measuring com-
ponent capacitors, but also for measur-
ing capacitance to ground of trans-
former windings, shields, and -circuit
elements.

The capacitance range for 60-cycle
measurements is 0 to 11,000 wf; the dis-
sipation-factor range is 0 to 609,. The
extension of the capacitance range to
zero is made possible by a unique com-
pensating circuit’, which eliminates the
effect of stray capacitance at the bridge
terminals. If, for practical purposes, we
consider the lower limit of measurement
to be one micromicrofarad, the bridge
covers a capacitance range of 11 billion
to one.

Other Frequencies

Measurements at other frequencies up
to 1000 cyecles can be made with this
bridge, over a range of 1 uf to 11,000 wf.
Both external generator and external
filters must be used. The dissipation-
factor range is 0 to f9,, where f is oper-
ating frequency in cycles per second.
Dissipation-factor dial readings are mul-

Figure 1. Panel view of Type 1611-B Capacitance
Test Bridge.
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tiplied by é to obtain the true dissipa-

tion factor, expressed in per cent.
Accessory Equipment

For 120-cycle measurements, the rec-
ommended external generator is the
Type 1214-AS2 Unit Oscillator. For
higher frequencies the Type 1210-B Unit
R-C Oscillator is satisfactory, or for
fixed-frequency measurements at 1000
cycles, the Type 1214-A Unit Oscillator.
Polarizing voltage can be furnished by
any convenient d-¢ power supply. For
voltages up to 300 volts, the Tyre 1204-
B Unit Variable Power Supply is rec-
ommended.

SPECIFICATIONS

Capacitance Range: 0 to 11,000 uf at 60 cycles.
1 uf to 11,000 uf at 120 cycles or other external
frequency.

Dissipation-Factor Range: (0 to 609, at 60 cycles.
Range proportional to frequency. (0 to 1209 at
120 cycles.) Dial readings must be multiplied
by the ratio 80 for frequencies other than 60
cycles.

Accuracy: Capacitance, +1%.

tor, + (29 of dial reading +0.059, x '6f0 dissipa-
tion factor).

Detector Filter: Tuned to 60 or 120 cycles, se-
lected by switch. Jack provided forsuse of an
external filter for other frequencies.

External Generator: Required for frequencies
other than 60 cycles. Type 1214-AS2 Oscilla-

Dissipation fac-
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tor listed below is recommended for 120-cycle
measurements.

Polarizing Voltage: Terminals are provided for
connecting an external d-c polarizing voltage.
The maximum voltage that should be im-
pressed is 500 volts.

One of the terminals is grounded so that any
a-c operated power supply with grounded out-
put can be used. The terminal capacitances of
the power supply do not affect the bridge
circuit.

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

Power Input: 15 watts.

Accessories Supplied: Type CAP-35 Power
Cord and spare fuses.

Mounting: Portable carrying case of luggage-
type construction. Case is completely shielded
to insure freedom from electrostatic pickup.
Tube Complement: One cach 6X5-GT/G, 63J7,
and 6US5.

Net Weight: 3014 pounds.

Dimensions: (Width) 14}4 x (depth) 16 x

(height) 10 inches, over-all, including cover and
handles.

Type Code Word Price
1611-B | Capacitance Test Bridge. . ..............c.coueues FAVOR $570.00
1214-AS2 | Unit Oscillator (including power supply)......... ABBOT 100.00

IRE—~1958 RADIO ENGINEERING SHOW
New York Coliseum, March 24-27

Experimenter readers who attend the
1958 Radio Engineering Show are cor-
dially invited to vistt the General Radio
display in Booths 3302 to 3310. These
booths are on the third floor of the
Coliseum, which is devoted almost com-
pletely to electronic instruments and
test equipment.

Several new instruments will be on
display, among them:

Slotted Line for Dielectric Measure-
ments — A new model of the popular
General Radio slotted line, developed
particularly for measurements of dielec-
tric constant and dissipation factor of
solid insulating materials. Operating at
frequencies between 200 and 5000 mega-
cycles, this line will measure dielectric
constants between 1 and 10 with an ac-
curacy of approximately =29, and dis-
sipation factors between 0.0001 and 0.1
with an accuracy of £ (5% + 0.0001).

Transfer Function Meter — A new
VHF-UHF instrument for the direct

measurement of forward and reverse
transfer functions of transistors, vacuum
tubes, and networks.

Capacitance Bridge — A transformer
bridge, which measures direct (3-termi-
nal) capacitance over a range of 5 uuf
to 0.011 uf at 400 cycles. This bridge
is fully described elsewhere in this issue
of the Experimenter.

6-Gang Variac® Avutotransformer —
Six Type W50 Variac® Autotransformers
on a single shaft, rated at 3415 KVA.

Other Important Displays include
Pulse Equipment, Laboratory Stand-
ards, Voltage Regulators, Electrometer,
Impedance Bridges, General Radio Parts
and Connectors, and a complete line of
the well-known General Radio Unit
Instruments.

Plan to Visit the GR Booths. You’ll
find it worth your while. Our engineers
will be on hand to greet you and to dis-
cuss your measurement problems.

General Radio Company

RINTE
L g+ )

usa
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The Transfer-Function
Meter described in this
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A TRANSFER-FUNCTION METER FOR THE
VHF-UHF RANGE

The performance of most electrical
devices and circuits can be described by
specifying a transfer function, which is
the ratio of an output to an input
quantity, or vice versa. The “alpha”
and “beta’” current ratios of transistors,
the transconductance of vacuum tubes,
the gain of amplifiers, and the loss of
attenuators and filters are common ex-
amples of widely used transfer functions.
The new Type 1607-A Transfer-Funec-
tion Meter' can measure these and many
other transfer functions over the fre-
quency range from 25 Me te about
1500 Me. Sinee grounded or ungrounded
two-terminal impedances can be treated
as four-terminal devices,” they can be
measured as well, with appropriate adap-
tors. Answers, direct reading except for
a multiplying factor, are obtained in
terms of complex components by a null
method. The phase information provided
by measurement of complex components
is especially valuable at these high fre-
quencies, where effects of transit time,
electrode resonances, and stray capaci-
tances usually dominate the over-all per-
formance of a device.

The Transfer-Function Meter is a
basic measuring tool, well suited for
laboratory measurements because of its
versatility, accuracy, and wide fre-
quency range. It can also be set up for
rapid, routine, production tests on tran-
sistors, vacuum tubes, amplifiers, or
networks, and a high degree of skill or
knowledge on the part of the operator is
not required. Several specific applica-

10riginally described in a paper presented at the 1956
IRI Annual Convention and subsequently published in
the 1956 IRE Convention Record, Part 5, pp. 3-7:
“A Transadmittance Meter for VHF-UHF Measure-
ments,”” by William R. Thurston. The name of the
instrument has been changed to Transfer-Function Meter
80 as to indicate more completely its uses.

tions, with results of measurements, are
described later in this article.

TYPES OF TRANSFER FUNCTIONS

For purposes of this discussion, four-
terminal networks are considered to
have separate, but grounded, input and
output connections, and three-terminal
networks are considered to have one
terminal common to both input and
output. There are several systems of
parameters used to describe the elec-
trical performance of these types of
networks:

A. Open-circuit impedance param-
eters, which are the input and output
impedances, Z;; and Z,, and the for-
ward and reverse transimpedances, Z,;
and Zs.

B. Short-circuit admittance param-
eters, which are the input and output
admittances, Y;; and Y, and the for-
ward and reverse transadmittances, ¥,
and Y.

C. Hybrid combinations (such as the
h parameters often used in transistor
work) of impedance, admittance, open-
circuit voltage-ratio, and short-circuit
current-ratio parameters. For conven-
ience, we define symbols to represent
these voltage and current ratios as either
E or I with appropriate subseripts, such
as FE, to mean E,,/E; with output
open-circuited.

The Transfer-Function Meter can
measure all of these functions.

2Grounded, two-
terminal impedance

Ungrounded, two-
terminal admittance

e ) o m—_:I‘
. 556
] |
C O (e, O
Z'.n:Ez/L:Z Yzl :[z/Er:Y
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THEORY OF OPERATION

To measure a transfer function of a
network, it is necessary to supply to it
an input driving signal and to measure
the resulting output signal in terms of
the input signal. Tt is also necessary to
terminate the network output in an open
circuit if the desired output signal is a
voltage, or in a short circuit if the de-
sired output signal is a current. If the
network were terminated otherwise, the
answer obtained would depend on the
network output impedance or admit-
tance as well as on its transfer functions’
and would, consequently, be less useful
for general calculations.

Nevertheless, there are undoubtedly
applications where one wishes only to
determine the over-all performance of a
network working into a specific load
impedance. In these cases, it is neces-
sary to include the termination as a part
of the network under test. Where output
current is of interest, the termination
must be in series, and where output
voltage is of interest, the termination
must be in shunt,

Forward transfer functions are, of
course, measured by driving the normal
input terminals of a network under test,
while reverse, sometimes called ‘“‘feed-

GENERAL RADIO EXPERIMENTER

back,” transfer functions are measured
by reversing the network and driving
the normal output terminals. Two-
terminal impedances or admittances can
be connected as four-terminal networks
in accordance with the diagrams given
in Footnote 2, depending on whether a
grounded or an ungrounded element is
to be measured.

In the Transfer-Function Meter there
are three identical loops, as shown in
Figure 1, driven in parallel by an ex-
ternal generator adjusted to the desired
frequency of measurement. The cur-
rents, I, in all three loops are equal in
magnitude and phase. Each loop is
loosely coupled, through electrostati-
cally shielding slots, to an associated
coaxial line. In Figure 1, only the inner
conductors of these lines are shown.
Each loop can be rotated independently
of the others so as to vary its coupling,
or mutual inductance, to its asso-
ciated line. The mutual inductances
are designated Mg, Mp, and My.
The series voltages induced in the three
lines by virtue of the couplings to the
associated loops are: Eg;= —joMgl;,
Eg= —juMpl;, and Ex = —joMxI;.

The outer end of the left-hand line,
called the G line, is terminated in a

3Example: Equivalent circuit using impedance parameters:

Input Impedance

1 .
! o AN Zero-impedance

Voltoge Sources

HE AR
Reverse or 'feedback”
Tronsimpedance

Qutput Impedance
Z22 2

Elzz. 1 1 L?iud
2" fal § mpedance
Forward L

Transimpedance

Measured forward transimpedance=

From ecireuit and equations given, it is seen that the

|

measured transimpedance equals the value of Zy; only
if the load impedance Zj, is very large compared to the
network output impedance. Zy5. Otherwise the measured
value is in error, and the error can be in phase angle,
magnitude, or a combination of both, depending on the
phase angles of Z; and Zyo.
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known, standard conductance, Y, (20
millimhos). The characteristic admit-
tance of the coaxial lines and Type
874 Connectors used in the instrument
and associated components is also equal
to 20 millimhog (characteristic imped-
ance, Z;, is 50 ohms). The outer end of
the upper line, called the B line, is
terminated in a known, standard sus-
ceptance of +jY, at frequencies below
150 Mec (adjustable capacitor), —j¥,
between 150 Mc and 450 Me (adjust-

A
able stub set to g), and +7Y, above

3\
450 Me (stub set to E)' The far end of

the right-hand line, which is adjustable
in length and is called the Network Input
line, is connected to the input of the
network under test, and its electrical
length is always set to equal either an
odd or an even multiple, n;, of a quarter

MARCH, 1958

wavelength, depending on which type
transfer function is to be measured.

The near end of the Network Imput
line terminates in a short ecircuit. The
inner ends of the B and @ lines come
together in a junction with two other
lines not previously mentioned, as shown
in Figure 1. One of these latter lines is
connected to an external detector. The
other, which is adjustable in length and
is called the Network Output line, is con-
nected to the output of the network
under test. Its electrical length is always
set to equal either an odd or an even
multiple, n,, of a quarter wavelength,
depending on which type transfer func-
fion is to be measured, but not neces-
garily the same multiple as that to which
the Network Input line is set.

The process of measuring complex
quantities involves the balancing of the
instrument by adjustment of the loop

Figure 1. Schematic diagram of r-f circuits of the Transfer-Function Meter.

GS= 20 mmho
%
"I” AN )
"6" Line

External

B Line :
=
T 1B

=t j20mmho

External
Detector

“Network Input" Line
length = nA/4, n=even

or odd integer\

Network
Under
Test

Oscillator

LT — Output" Line
length=zn,X/4, n, = even or odd
integer (n| not always equal to nz)
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couplings until the external detector
indicates a null condition. At null, the
voltage at the junetion of the four coaxial
lines is zero, and the three currents, I,
Iy, and Iy, that enter the detector junc-
tion from, respectively, the ¢, B, and
Network Output lines, must add up to
zero. These line currents are readily
calculated, because, for this purpose,
the zero-voltage condition at the detec-
tor junction can be considered equiva-
lent to a short circuit. For the purpose
of simplifying the explanation, the
lengths of the Network Input and Net-
work Output lines will first be assumed
to be zero. Under these conditions,
EI = E_\' and Ig= I\

The current, I;, equals the induced
voltage, Eg times the admittance of
the @ line, which is the known, standard
conductance, Y. That is,

lg= Yok = Yo(—jwMsly)
=YoMo(—jwly)

The current, [, equals the induced
voltage, Eg, times the admittance of
the B line, which is the known, standard
susceptance, 4=71. That is,

Ip==£jYolipg= £7YVo(—jwMply)

= +jVoMy(—jwly)

The current, Iy, equals the product
of the induced voltage in the Network
Inpul line, Ex, and the transadmittance
of the network, Yy. Therefore,

Ix=YxEx = Yx(—joMxI)
=YxMy(—jwly)

When the sum of I, Ip, and Iy is
equated to zero, which is the balance
condition, the common —jwl; term is
eliminated, and the basic balance equa-
tion for the instrument is obtained:

Yy Mg Mg
Yo Mx~ 'Mx

The above equation is normalized
with respect to the characteristic ad-
mittance of the line and corresponds
to the dial ealibration, which is normal-

ized because impedances as well as ad-
mittances must be measured. As indi-
cated above, the instrument actually
measures the real and imaginary parts

of the normalized transadmittance,

Gy Bx :

Y. and V. of the network connected
0 0

directly between the input and output
terminals of the instrument:

(!‘X &
Y, My
Bx My
Y, My

Since the connecting line lengths are
assumed to be zero, Vs, = Yy, G5, = Gy,
and By, = Bx. The mutual inductance,
My, is the denominator in both the
above equations and hence is a common
multiplier. The values of the mutual
inductances, My, Mg, and My, depend
on the angular positions of the loops and
hence can be adjusted from zero to a
maximum value by rotation of the loops.
The angular position of the ¢/ loop can
therefore be calibrated directly in nor-
malized transconductance, the B loop
in normalized transsusceptance, and the
X loop in a common multiplier. Figure 2
shows these ealibrations, which are in-
dependent of frequency and which, by
virtue of the positive and negative
ranges for two of the three loops, allow
measurements to be made in all four
quadrants of the complex plane. The
scale associated with the & loop is labeled
the A scale and is calibrated from 0 to
1.5. The scale associated with the B
loop is labeled the B scale and is cali-
brated from 0 to & 1.5. The multiplier
is calibrated from =+ 1 to infinity.

The agsumption of zero length of
lines between the instrument and net-
work made in the preceding analysis
cannot be realized in practice, since the
effective measurement points are lo-

‘ | File Courtesy of GRWiki.org



cated within the instrument. However,
by the adjustment of the Network Input
and Network Oulput lines to odd or even
multiples of a quarter wavelength, the
instrument can be made to indicate
directly the transadmittance, transim-
pedance, complex transfer current ratio,
and complex transfer voltage ratio of
networks whose terminals are not di-
rectly the actual measurement terminals
of the instrument. Each of the above
measurements requires a different set-
ting of the Network Input and Network
Output Imes and will be considered in
detail in the following paragraphs.

In the following discussion, the term
“half-wave setting” means that the line
in question is set to an even multiple
of a quarter wavelength, which is, of
course, always a multiple of a half
wavelength. A half-wave line has the
property of “repeating’” at one end all
voltages, currents, and impedances ap-
pearing at the other end with 180 de-
grees of phase shift in voltages and cur-
rents for each half wavelength. Simi-
larly, the term “quarter-wave setting’’
means that the line in question is set to
an odd multiple of a quarter wavelength.
A quarter-wave line has the property of
“inverting” voltages into currents, im-
pedances into admittances, and vice
versa. The reversal of phase which oc-
curs for each added half wavelength
will be ignored, since it does not affect
the basic theory of operation.

Transadmittance, Y27 and Yi2

The forward transadmittance of a
network with its output terminals short-
circuited is ¥5;. In order to measure this
parameter, the Network Input and Net-
work Output lines are both adjusted to a
half wavelength. Under these conditions
the output terminals of the network
under test are effectively short-circuited,

File Courtesy of GRWiki.org
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because the half-wave Network Output
line terminates at the detector junction,
which under null conditions has zero
voltage and can be considered to be a
short cireuit. The half-wave line pro-
duces a similar short circuit at the net-
work terminals and makes I, = I'y. The
input half-wave line makes E; = Ey.
Therefore,

YQ[ Ig_“El I;\'/E_\ T.Y

G T N ¥, A

where A and B are the A and B scale
readings.

As previously shown, the instrument
directly measures the normalized, real
and imaginary components of Yy, and
from the above equation it is evident

: N (72 B3,
that it also indicates > and _—
0 Yo

The reverse transadmittance, Yo,
can be measured by the same procedure
as indicated for the forward transad-
mittance but with the input and output
connections of the network interchanged.

Transimpedance, Z3; and Z,,

The forward transimpedance of a net-
work with its output terminals open-
circuited 18 Zs;. In order to measure this
parameter, the Network Input and Net-
work Output lines are both adjusted to a

Figure 2. Dial calibrations of Transfer-Function
Meter.
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quarter wavelength. Under these con-
ditions the output terminals of the net-
work under test are effectively open-
circuited, because the quarter-wave Net-
work Oulput line inverts the equivalent
short circuit at the detector junction
into an open circuit at the network. Also,
the output quarter-wave line “inverts”
the voltage £, into a constant times the
current [y, and the input quarter-wave
line “inverts’” the voltage Ey into a
constant times the current 7,. It can be
shown that

Zn _ B/l _Ix/Ex

AR MR Tt

where Z, is the characteristic impedance
of the coaxial lines, 50 ohms. Thus the
instrument reads directly the normal-
ized transimpedance of the network
under test. The readings are in terms of
the normalized network transresistance,
R

7 read on the A scale, and the nor-
0

>

Xo
malized transreactance, 7 read on the
0

B scale.

Reverse transimpedance, Z;,, is meas-
ured in a similar manner with the input
and output network connections re-
versed.

Transfer Current Ratio, |y and l12

The forward transfer current ratio of
a network with its output terminals
short-circuited is Is;. For this measure-
ment the Network Output line is ad-
justed to a half wavelength and the Net-
work Input line to a quarter wavelength.
The output terminals of the network
under test are effectively short-circuited,
because the half-wave Network Output
line “repeats’” the equivalent short
circuit at the detector junction as a
short ecircuit at the network. The half-
wave line also makes I, = Ix. The

quarter-wave Network Input line makes

Ey = ]I‘. Therefore,
Yo
I, jY¥x :
[Ql—fl—YO-—-B'i‘JA

Thus the instrument reads directly the
real and imaginary components of the
complex transfer current ratio of the
network. The “j”’ term in the above equa-
tion interchanges the real and imagi-
nary scales,

The reverse transfer current ratio, I,
can be measured by reversing the input
and output connections to the network.

Transfer Voltage Ratio, E;; and Ej;

The forward transfer voltage ratio,
FE5,, is measured with the network out-
put terminals open-circuited. In this
case the Network Output line is adjusted
to a quarter wavelength and the Net-
work Input line to a half wavelength
The output terminals of the network
are effectively open-circuited because
the quarter-wave Network Ouiput line
“inverts” the equivalent short ecircuit
at the defector junction into an open
circuit at the network. Also, because of
the quarter-wave Nelwork Output line,

E, = and because of the half-wave

?ﬂ 4

Network Input line, E, = Ex. Therefore,
E: j¥x .
21—E1* Yo =B +jA

Here again, the instrument indicates the
complex open-circuit transfer voltage
ratio of the network under test with the
real and imaginary component scales
interchanged from those used for trans-
admittance measurements because of
the “}”” term in the above equation.
Reverse transfer voltage ratio, Ei,
can be measured by reversing the input
and output connections to the network.

|
| | File Courtesy of GRWiki.org



PHYSICAL DESCRIPTION

The physical arrangement of the parts
of the Trangfer-Function Meter corre-
sponds closely to that shown in the sche-
matic of Figure 1 and is illustrated
further in Figure 3, in which the cover
of the instrument has been removed and
the coupling-loop assembly dismounted.
At the left in Figure 3 can be seen the
main junction block, in which coupling
slots are cut into the coaxial lines within
the block. When in place, each of the
three loops in the coupling-loop assembly
is centered over its respective slots and is
coupled magnetically to the correspond-
ing line. The Network Input and Network
Output lines are of the constant-imped-
ance, “trombone’” type, driven inde-
pendently by separate, rack-and-pinion
drives having accurately calibrated scales
to indicate total effective line lengths
directly in em. The lines are provided
with locking sleeves to prevent acci-
dental changes during prolonged work

MARCH, 1958

at a single frequency. All these parts are
mounted onaheavy aluminum base plate.

In the measurement of active devices,
especially transistors, it is important to
keep the applied signal level low. In
this instrument, the coupling loss of the
loop between the external generator and
the device under test is about 40 db at
500 Mec and decreases at a rate of 6 db
per octave with increasing frequency.
For tests on transistors, in which signal
levels should be 5 millivolts or less, ap-
propriate attenuators (874-G series)
should be used to reduce the level of the
signal supplied by the generator when
necessary.

Since the external detector is usually
of the heterodyne type with a local
oscillator, it is important to prevent
excessively high local-oscillator signals
from appearing at the terminals of the
unknown device. This problem is solved
by the insertion of a tuned stub, or
“trap,” in parallel with the detector in-

Figure 3. The Transfer-Function Meter parfially disassembled to show details of design and construction.

=

i
i

A0
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put and tuned to reject the local-oscil-
lator frequency. This stub is supported
horizontally behind the base plate of
the instrument.

In measurements on active networks,
d-c voltages or currents must be sup-
plied without affecting the r-f circuits.
In the Transfer-Function Meter, pro-
visions are included for applying de to
both the input and the output of the
network under test. The binding posts
for connection to external power sup-
plies are visible in Figure 3, and the
internal filters and blocking capacitors
are shown schematically in Figure 4.
Built-in blocking capacitors isolate the
measurement standards, the external de-
tector, and the short circuit on the Nel-
work Input line. Iilter networks, each
comprising two chokes and two by-pass
capacitors, allow insertion of d-¢ volt-
ages and currents and prevent r-f leak-
age. Choke and capacitor ratings limit
currents to 100 milliamperes and volt-
ages to 400 volts. The loading effect of
the input filter on the Network Input line
is negligible, because of its proximity to
the short-circuited end of the Ime. The

Network

Qutput Bias
Terminal

10

only loading effect of the output filter
on the detector line is a small reduction
in detector sensitivity.

The range of adjustment of the Nei-
work Input and Network Oulput lines is
such as to allow continuous coverage
for all types of measurements above
300 Me, plus separated bands of cover-
age below 300 Me. In order to allow
continuous coverage below 300 Mec, a
set of extension lines is provided. When
needed, these lines and their supports
can be snapped into place by means of
quarter-turn fasteners, as shown in Fig-
ure 5. This photograph also shows the
shielded, variable capacitor used ag the
susceptance standard at low frequencies
in place of the stub used at high fre-
quencies.

Generator and Detector

General Radio Unit Oscillators are
recommended for use as generators with
the Transfer-I'unction Meter. The rec-
ommended detector is the General Radio
Type DNT, a heterodyne type that
combines high sensitivity with wide fre-
quency range. Both generators and de-
tectors are listed on pages 15 and 16.

o~ External
er
Neduwnsrk Detector
s & =
Blocking C
A\ Network Figure 4. Schematic
ss Input Bias diagram of d-c cir-
Filter Terminal cuits of the Transfer-

Netwark

Blocking C's”

Function Meter.

{
t—m—)— -'II}—)%,\ .

Blocking C i

"Network Output"
Line —

Input

Qutput

"NefworkInpu?"LMe)

Network
Under
Test
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MEASUREMENT PROCEDURE

The equipment is set up by connect-
ing generator, detector, and d-¢ sup-
plies, if needed, to the Transfer-Func-
tion Meter, and making the necessary
adjustments for desired operating fre-
quency and d-c levels. The calibrated
susceptance standard is also set to the
operating frequency.

If isolation of the
signal i1s desirable, as in measurements
on transistors, the “trap” stub is in-
cluded in the setup and is adjusted for
maximum attenuation of the local-
oscillator voltage.

Next, the Network Impul and Network
Output lines are set to the proper length,
in accordance with the type of transfer
function to be measured. An appropri-
ate component mount is plugged into
the Network Under Test connectors, and
the unknown device or network is
plugged into the mount. The three loop-
control arms are then adjusted until the
detector indicates a null, and the de-
sired answer is read directly from the
scale settings.

If several units of the same type are
to be checked at a given frequency, as in
the case of production testing of tran-
sistors or tubes, each unit successively
is plugged into the mount (with due pre-

local-oscillator

MARCH, 1958

cautions regarding the d-¢ supplies), the
control arms are set for a null, and the
answer is read off the scales. This opera-
tion can be performed very rapidly by
relatively unskilled personnel.

Terminals

The terminals used on the Transfer-
Function Meter are Tyre 874 Coaxial
Connectors. General Radio oscillators
and detectors are also equipped with
these terminals. When generators and
detectors having other types of terminals
are used, the Type 874-Q series of
adaptors provides a convenient means
of connection.

For most types of measurement, suit-
able mounts must be constructed (see
Transistor Measurements, below) to
connect the device being measured to
the measuring terminals. Type 874
Coaxial Connectors to fit rigid line, panel,
and cable are available for building into
these mounts.

Both adaptors and connectors are
listed on page 16.

Sources of Error

The major sources of error are inci-
dental losses and small reflections in the
Network Input and Network Output lines,
The minor sources of error are similar to

Figure 5. View showing Range Extension Unit and low-frequency susceptance standard.
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those in the Tyee 1602-B Admittance
Meter"® and are spurious eross-cou-
plings between the coupling loops and
their associated lines, inductances be-
the junction center and the
coupling points, incidental losses in the
susceptance standard, and small re-
flections in the conductance standard.

In most measurements, the instru-
ment dial readings can be used directly
without any corrections and will be ac-
curate within the limits given in the
specifications at the end of this article.

Some of these errors become appreci-
able under certain conditions, but cor-
rections can be made for them.

tween

APPLICATIONS

Transistor Measurements

Several different network representa-
tions are used for transistors, the most
common of which are shown in Fig-
ure 6. All of the transfer parameters
indicated in these circuits can be di-
rectly measured with the Transfer-Funec-
tion Meter at frequencies between 25
and about 1500 Me.

OPEN-CIRCUIT IMPEDANCE PARAMETERS

HYBRID PARAMETERS

Since many transistors operate at very
low voltage levels, it is important that
all applied signals be kept small during
the measurements. As previously men-
tioned, the r-f signal level can be held
below 5 mv, which has been found to be
a satisfactory limit.

The high-frequeney performance of
a transistor or any other component can
be greatly affected by the arrangement
of the leads used to conneet the element
in a circuit. Therefore, for reproducible
results, the mount used to connect the
trangistor to the meagurement circuit
must be standardized and must permit
short leads. In a typieal experimental
transistor mount, the leads are con-
nected to the measuring elements at a
point about Y4»” away from the case.
This arrangement probably is reasonably
close to that used in most practical
high-frequency transistor cireuits.

For measurement of the complex cur-
rent ratios, e (or —h), the Network
Impui line is set to a quarter wave-
length and the Network Outpul line to a
half wavelength, as outlined in a previous
paragraph. The local-oscillator trap is
adjusted, with interchange of the gen-
erator and detector connections, by
adjustment of the stub line until mini-
mum output is observed on the meter of
the detector. The normal connections
are restored and the transistor mount
plugged into the coaxial connectors on
the panel of the instrument. The meter
is then balanced by adjustment of the
4Thurston, W. R., “A Direct-Reading Impedance-Meas-

uring Instrument for the UHF Range,”” General Radio
Experimenter, May, 1950,

5Soderman, R. A., “Improved Accuracy and Convenience
of Measurements with Type 1602-B Admittance Meter
in VHF and UHF Bands,” General Radio Experimenter,
August, 1953,

Figure 6. Equivalent network representations of tran-

sistors, Lefi-hand set of symbols is from *IRE

Standards on Eleciron Devices; Methods of Testing

Transistors,” Proc. IRE, Vol. 44, pp. 1542-1561,

November, 1956. Right-hand set of symbols corre-
sponds to those of this article.
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Figure 7. Plot of alpha
versus frequency for
an experimental high-
frequency transistor
supplied by Bell Tele-

phone Laboratories.

three arms, and
the real and im-
aginary compo-
nents of the cur-
rent ratio are in-
dicated directly
on the dial scales.
The a-vs.-fre-
quency charac-
teristics of an ex-
perimental, Bell
Telephone Lab-
oratories, dif-
fused-base, ger-
manium transis-
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tor in a grounded-base connection are

shown in Figure 7.

The hybrid feedback factor, h.(= E;3),
can be easily measured by reversal of

the coaxial-line connections between the
grounded-base mount and the instru-
ment, which is accomplished by 180°
rotation of the mount, reversal of the

Figure 8. Tr versus freq y for a grounded-cathode 6AF4 vacuum tube.
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Figure 9. Forward transfer current ratic versus fre-
quency for a Type 874-G10 AHenuator Pad.

d-¢ connections, and use of the pro-
cedure outlined for voltage-ratio meas-
urements. Under these conditions the
input is applied to the collector and the
output is obtained from the emitter.

Tube Measurements

The high-frequency, complex, for-
ward and reverse transadmittances of
vacuum tubes can also be easily meas-
ured under dynamie conditions with the
Transfer-Function Meter. D-C plate and
bias voltages can be applied to the input

20
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Figure 10. Forward fr ittance versus freq y
for a Type 874-G10 Attenuator Pad.

and output terminals in the same man-
ner as with transistors. Filters must be
provided in the tube mount for heater
and screen voltages. IHowever, these
filters are not so critical as are the filters
associated with the input and output
circuits. As with transistors, the mount
must be carefully designed in order to
give significant and reproducible results.
The measured transadmittance of a
6AT'4 in the grounded-cathode connec-
tion is plotted in Figure 8. The effective
transadmittance first increases with fre-
quency, apparently as a result of a
resonance between the grid-cathode
capacitance and cathode-lead induet-
ance. At higher frequencies, other reso-
nances are apparent, the largest one of
which is probably a result of the grid-
plate capacitance and plate lead induct-
ance resonance. The large wvalues of
transadmittance shown do not result in
correspondingly large magnitudes of
gain when this tube is used in an ampli-
fier, sinee the input impedance decreases

rapidly as the resonances are ap-
proached.
Figure 11. Admil versus freq y fora
0.1-michrohenry inductor.
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Coaxial-Component Measurements

The Transfer-Funetion Meter can
meastire the transfer admittance or im-
pedance and attenuation of circuits
fitted with coaxial connectors. Figure 9
shows the results of short-circuit, cur-
rent-ratio measurements made on a
Type 874-G10 Attenuator Pad, and
Figure 10 shows transadmittance of the
same pad. Other possible applications
are for filters, coupling networks, ampli-
fiers, and other four-terminal coaxial
devices.

Lumped-Component Measurements
The direct admittance between the
two ungrounded terminals of a circuit

MARCH, 1958

or component can be easily measured
with this instrument. As is shown in the
diagram in Footnote 2, the direct
admittance measurement of a compo-
nent with neither end connected to
ground is not affected by the impedance
from either side of the element to
ground. This measurement is very useful
for determining the characteristics of
floating resistors, r-f chokes, capacitance
between two ungrounded terminals, and
many other three-terminal circuits. Fig-
ure 11 shows the direct admittance of
one of the chokes used in the d-¢ supply

filter in the Transfer-I'unction Meter,

—W. R. Taursron

R. A. SOoDERMAN

SPECIFICATIONS

Frequency Range: 25 to 1000 Me, with reduced
accuracy up to 1500 Me.

Measurement Ranges and Accuracy:
Range Accuracy
Voltage and Current, -

Ratios (E) 0-30 2.5 (1+ VR)%+0.025

Transimpedance (Zz21)

0-15000 2.5 (1+1/%(2]15)%+1.25n
Transadmittance
(¥21)

Y-
0-600 mmhos 2.5 (14 L*;Fll)%JrO.S mmbho

b-C Bias: T'erminals are provided for introducing
d-¢ bias from external sources. Maximum bias

current, 100 ma; maximum bias voltage, 400
volts.

Generator and Detector: Unit Oscillators and Tyre
DNT Detectors (see list below) are recom-
mended.

Other Accessories Available:

Typr 1607-P101 Transistor Mount for
JETEC-30 base arrangement, grounded base.
Tyrr 1607-P201 Tube Mount, 7-Pin Miniature
grounded-cathode, for 6AF4, 6AF4A, and
other tubes with same connections.

Case: The instrument, with accessories, is
mounted in a wooden carrying and storage case
1134 x 1414 x 40 inches.

Net Weight: 63 pounds.

Type Code Word Price
1607-A Transfer-Funclion Meter. . ... ................... HYDRA | $1525.00
1607-P101 TransistorMountii= o s degenanin s ideote ey Price on Request
1607-P201 Tube MoUNT: i i iainsvn wmmnive e bi- s oy e les S e Price on Request

GENERATORS*

Type Frequency Range Code Word Price
1211-B 05— 50Mc............. ATLAS $275.00
1215-B 50— 250Me...........00 ADOPT 190.00
1209-BL 180— 600Mc............. ADMIT 245.00
1209-B 250— 920 Mec........c0n-n AMISS 245.00
1218-A 900 — 2000 Me........ 0000 J CARRY 465.00

*Require power supply below,
POWER SUPPLY*

Type Code Word Pricee
1203-B Unregulated . . .............. ALIVE $40.00
1201-A Regulated. ................. ASSET 85.00

*Plug-in type; supplies power to any one of the above oscillators,

File Courtesy

of GRWiki.org
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DETECTORS

Type Frequency Range*  Code Word Price

DNT-1 40 — 530 Mec... NALTO $626.00
DNT-2 40 — 280 Mec. .. NERVO 606.00
DNT-3 220 — 950 Mec. .. NULLO 659.00
DNT-4 870 — 2030 Mc. .. NODDO 879.00

*Fundamental range, To cover a wider range than that listed for any one detector, harmonics
of the local oscillator can be used. Thus Tyre DNT-2 will cover frequencies up to 1120 Mec if
harmonics up to the 4th are used. Fundamental sensitivity is about 5 wv; 4th harmonie sensi-
tivity, about 20uv. For this wide range, order also one Tyre 874-F1000 Low Pass Filter, price $14.00.

Another solution is to use the Tyre DNT-2 with an additional Tyre 1209-B Unit Oscillator
(see Generators, above) and the Tyrr 874-F1000 Filter. This covers the range with fundamental
operation, which is, in general, more satisfactory. Harmonic operation is not recommended for
measurement of active networks. Below 40 Me, use a communications receiver.

Type Fats Code Word Price

874-QBJ BNC Plug........ COAXBOGGER $4.75

874-QBP BNC Jack........ COAXBUNNER 4.75

COAXIAL ADAPTORS 874-QCJ G Plug. v ey COAXCOGGER 4,75
874-QCP [ofll [, 7] SR COAXCUFFER 6.25

874-QNJ N-Plug........:5a COAXNAGGER 3.75

874-QNP Nidack...iauvsisi COAXNUTTER 4.50

874-QUJ UHF Plug........ COAXYUNDER 4.00

874-QUP ~ |UHF Jack........ COAXYUPPER 4.25

874-QHJ HNPlug........s COAXHAWSER 6.50

Types QBJ and QBP 874-QHP HN Jack ......... COAXHANGER 6.50
874-QLJ LEPlug oo COAXLITTER 19.50

874-QLP L Jael : ais sidsianiva s COAXLUGGER 30.00

Adaptors are also available for connection to rigid air-dielectric lines.

COAXIAL CONNECTORS

PANEL CONNECTOR
The panel connector mounts with a
flange and is available with rear fittings
for commonly used RG-type cables. See
the General Radio catalog for details.

Type 874-PB Ty":ﬂ.? 48
Panel ghe
Connector,
Connector

disassembled |,

BASIC CONNECTOR
The basie connector fits rigid, 50-ohm,
air-dielectric coaxial line; 28" OD and
26" ID for outer conductor; 0.244" rod
for inner conductor.

Connector listed below fits GR Tyer Type Code Word ~ Priee
874-A2 Cable, only. 874-B |Basic Connector | COAXBRIDGE | $1.25
874-PB |Panel Connector | COAXAPPLER 2.90
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COVER

General Radio sweep
drives make possible the
display of data on an oscil-
loscope or a recorder over
wide ranges of frequency.
The photograph shows a
General Radio Unit Oscil-
lator with sweep drive, used
to display the characteristic
of a 185-Mc low pass filter
on a two-axis plotter. The
resulting plot, covering fre-
quencies from 50 to 240
Mc, is shown in the inset.
The horizontal and vertical
coordinate lines are drawn
by the plotter pen to cor-
respond to the calibration
of oscillator frequency dial
and detector output.
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NEW BROADCAST MONITORS ADD CONVENIENCE
IN OPERATION AND MAINTENANCE

The conditions of continuous opera-
tion impose requirements on broadcast-
ing station equipment that are more
specialized and more stringent than
those for laboratory equipment. In the
event of failure of tubes or other com-
ponents, maintenance procedures must
be simple and rapid, and access to circuit
elements must be as easy and direct as
possible. This has long been recognized
by transmitter and studio-equipment
manufacturers, but for years
monitoring equipment design has lagged
in its recognition of these important
considerations.

The General Radio Type 1184-A
Television Station Monitor' was the
first tangible recognition of these re-
quirements by a test-equipment man-
ufacturer. This modern instrument,
which has been type-approved by the
Federal Communications Commission,’
is designed for convenient access to all
parts from the front of its rack while
still in operation, and it has signal-flow
lines printed on its chassis and color-
coded adjustments for simple and rapid
trouble shooting.

These same features have now been
incorporated in the new models of the
Type 1181 Frequency Deviation Mon-
itor and the Type 1931 Modulation
Monitor. At the same time, the external-

many

1Cady. C. A., “New Television Transmitter Monitor,"”
General Radio Experimenter, Vol. 31, No. 4, September,
1956, pp. 1-10.

2See page 9.

Figure 2. Type 1181-B Frequency Deviation Monitor
pulled forward and tilted to give access to chassis.

meter circuits have been modified to
permit the use of long telephone lines
between the monitor and the external
meter in remote monitoring applications.
Accessibility of chassis and compo-
nents from the front of the rack is il-
lustrated in Figure 1, which shows the
Type 1931-B  Amplitude Modulation
Monitor pulled forward on its slides and
then tilted to expose the underside of
the chassis. The Type 1181-B Frequency
Deviation Monitor is mounted in the
same manner, as shown in Figure 2.
Every operation — initial installation,
operation, and maintenance — can be
done from the front of the rack. Note
that, for both instruments, as the as-
sembly is drawn forward, the dust cover
remains firmly attached to the rack.
All power and other connections remain
connected during these manipulations.

Figure 1. (Left) Type 1931-B Amplitude Modulation Monitor pulled forward on its slides. (Right) Tilted to expose
underside of chassis.

File Courtesy of GRWiki.org
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The new circuit for external meter
connections permits the external loop
resistance to be as high as 5000 ohms.
A switch is provided at the rear of the
monitor to disconnect the external meter
and connecting lines and to substitute
an internal 5000-ohm resistor, in which
event the monitor functions independ-
ently of external connections. This fea-
ture aids in isolating any suspected dif-

ficulties in the external circuits. The
cireuit 1s shown in Figure 3.
TRANSMITTER SITE LEASED
R 'PHONE LINES] STUPIO
IN__g <] TRM| i
o ! w |
Qut : I REMOTE
5K ! TOTAL RES.| MONITOR
| Ry ] METER
| 1 RES= Ry
TO METER ! '
DRIVING CIRCUIT (Ru*RUiNg HRTRIM=5KA)
MONITOR
PANEL
METER

Figure 3. Circuit for external meter connections.

FREQUENCY DEVIATION MONITORS

Three models of the Typre 1181 Fre-
quency Deviation Monitor are now avail-
able, each designed for a specific type
of service.

Type 1181-B Frequency Deviation
Monitor 0.5 to 1.6 Mc

This model, which supersedes the
Type 1181-A, is designed for use in the
standard broadcast band, where, al-
though the FCC requirements on trans-
mitter stability are =4 20 cycles per
second, transmitter frequencies must, as
a practical matter, be held to a very few
cycles. The crystal oscillator, tempera-
ture control, and other circuits are
similar to those used in the A-model,
and their stability and general relia-
bility have been proved in over 1700
installations in all parts of the U. 8. and
Canada, and in countries overseas. The
block diagram of Figure 4 illustrates the
principle of operation.

The monitor can be used either at the
transmitter site or at a location remote
from the transmitter in accordance
with the FCC rules permitting the un-
attended operation of transmitters. Re-
mote operation up to several miles is
possible with only a tuned antenna.

Type 1181-BT Color Subcarrier Monitor
3.579545 Mc

The Color Subcarrier Monitor uses
circuits identical with those in the
standard broadcast model, but the
quartz crystal is operated at a very low
oscillation amplitude in order to achieve
maximum long-term stability.

In color-TV transmitters, the stand-
ard color-subcarrier-frequency signal of
3.579545 Mec is needed at any location
where a color program originates, whether
“live” or film. It is usually generated by
an oscillator at that location, generally
at or near a studio rather than at the
vourage Frow

TRANSMITTER
;um

FREQUENCY
R-F f2af
AMPLIFIER @
METER
MBER 1000~
saf
R-F A-F A-F
AMPLIFIER 1£1000~ AMPLIFIER AMPLIFIER
Itx 1000~ 1
STANDARD~ PEAK-
FREQUENCY CLIPPING Sﬁ)u;gw 'VZ‘VE
OSCHLLATOR AMPLIFIER

Figure 4. Block diagram of the Type 1181-B Frequency
Deviation Monitor.

transmitter. Although there is no spe-
cific FCC requirement that this fre-
quency be monitored, it must be held
within = 10.7 cps at all times. Good
operating practice, therefore, makes
continuous monitoring very desirable.
The Type 1181-BT Color Subcarrier
Monitor is ideally suited for this appli-
cation. It indicates frequency deviation
directly in cycles per second, and its

File Courtesy of GRWiki.org



stability of one cycle per month or five
cycles per year obviates the necessity of
frequency checks against an external
source, while its price is less than half that
of most counter-type frequency meters.

This monitor is intended for operation
at the single frequency of 3.579545 Mec
only and can be used only with an un-
modulated signal input.

Type 1181-BH Frequency Deviation
Monitor 1.6 to 15 Mc

Identical in its circuitry and general
arrangement to the Typr 1181-B, this
higher-frequency model operates in a
frequency range that includes such serv-
ices as aeronautical, maritime, marine,
public safety, and international broad-
cast. While the present FCC frequency-
stability requirements for these services
are 30 to 50 parts per million, the use of
highly selective narrow-band receivers
to minimize interference requires a con-
siderably higher degree of carrier-fre-
quency stability. The monitor is the
least expensive and most reliable means
of assuring the desired carrier accuracy.

APRIL, 1958

Figure 5. Panel view of the frequency deviation
monitor.

General Construction

All three models are identical in con-
struction: the Type 1181-B shown in
Figures 5, 6, and 7 is typical. Figure 5
shows the front panel, from which all
controls have been removed so that ac-
cidental misadjustment cannot
Only the indicators of frequency devia-
tion and crystal temperature are visible.

The front panel is easily removed by
means of the four fasteners shown in

oceur.

sweex
chvsT
R

B

S
nezo
- @
536N§>.
o
@
@
un
sontaoLs ! oie Figure 6. Monitor with dress
. Jon 1R
@ : e panel removed giving access to
4c=r adjustments and controls. Circles
o | = d ajustments are color cod-
’ 3 & oy 2 0 aroun i
} ing marks.
L :: o
4  —— ;
3!
&8 8 @ ©
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Figure 7. View of a portion of the chassis showing
signal flow lines.

the corners, giving access to the adjust-
ments and controls, as shown in Figure 6.

GENERAL RADIO EXPERIMENTER 6

The inside face of the removable front
panel carries a block diagram and con-
densed operating instructions, which,
together with the signal-flow lines on
the chassis, make frequent reference to
the instruction book unnecessary either
for operation or for maintenance. A por-
tion of this marking is shown in the
rear of Figure 7. All test points are
clearly labeled, and adjustments are
coded red, yellow, or green, according
to their degree of importance. Thus
RED means “STOP — do not change
this setting without first consulting in-
struction book.” YELLOW means
“CAUTION —some external equip-
ment (voltmeter, oscilloscope) is re-
quired to set.” GREEN means “GO —
can easily be set without the use of ex-
ternal test equipment.”

In addition to these features, the
ultimate in convenient accessibility is
provided by the pull-forward and tilt
feature shown in Figure 2.

SPECIFICATIONS, TYPE 1181-B

Deviation Range: + 30 cycles, readable to one
cycle.

Carrier Frequency Range: 500 to 1600 ke.

Accuracy: When received, within =4 5 parts per
million. An adjustment is provided to bring the
reading into agreement with monitoring station
measurements.

Stability: Better than one part in a million
under normal operating conditions for 6 months
after an initial aging period. Adjustments are
provided to correct the indicated frequency in
terms of standard-frequency transmissions
whenever necessary.

Quartz Crystal: Type 376-T.

Tube Complement:

3— 6837 1 —5V4-G
2.—BACT 1—6B4-G

2 — 6H6 1 — 0C3/VR105
2 — 6SQ7-GT 1— 2050

Coupling to Transmitter: A few inches of wire
serving as an antenna are usually sufficient.
A minimum of 50 millivolts is required into
a high-impedance grid circuit.

Accessories Supplied: Quartz crystal, 2 CAP-35
Power Cords, spare fuses, and plug for con-
necting an external meter.

Remote Indicator: External” meter for local or
remote deviation indication can be connected.
Maximum external loop resistance: 5 KQ.
Power Supply: 105 to 125 (or 210 to 250 volts),
50 to 60 cycles.

Power Input: 25 watts for heater circuits, 100
watts for monitor circuits.

Mounting: 19-inch relay-rack panel.

Panel Finish: Standard General Radio black
crackle. Certain standard finishes which can
be processed in quantity can also be supplied.
Dimensions: Panel (length) 19 x (height) 1534
inches. Depth behind panel, 13 inches.

Net Weight: 51 pounds.

SPECIFICATIONS, TYPE 1181-BT

Same as for Tyre 1181-B except as specified
below:

Input Frequency: 3.579545 megacycles; unmodu-
lated.

Frequency Stability: = one cycle per second for
30 days; =+ 5 cycles for one year.

Quartz Crystal: General Radio Tyre 376-R.

RF Sensitivity: .05 to 2.0 volts unmodulated r-f
input.

Coupling to Transmitter: Shiclded cable and plug
provided.
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SPECIFICATIONS, TYPE 1181-BH

Same as for 1181-B, except as noted below:
Frequency: 1.6 — 15 Mec.

Frequency Stability: &= 1 ppm for 30 days, or
better; & 5 ppm for 1 year.

R-F Input: 1.6 — 5 Me, 0.1 — 2.5 volts, modu-

lated or unmodulated.

5 — 15 Mec, 0.4 — 3.0 volts, modu-
lated or unmodulated.
Quartz Crystal: General Radio Tyee 376-R.
Coupling to Transmitter: Shiclded cable and plug
provided.

Type Code Word Price
1181-B Frequency Deviation Monitor .................. MALAY $1025.00
1181-BT Color Subcarrier Monitor ............ccciiveunnn MAJOR 1025.00
1181-BH Frequency Deviation Monitor .................. MADAM 1025.00

U.S. Patents 2,298,177 and 2,362,503, Licensed under patents of Radio Corporation of America and Dr. G. W. Pierce.

TYPE 1931-B AMPLITUDE

The Type 1931 Amplitude Modula-
tion Monitor, like the Type 1181 Fre-
quency Deviation Monitor, is a General
Radio development and has become an
industry standard. The principle of
operation is shown in Figure 8. Per-cent
modulation is indicated continuously on
a panel meter, and a warning lamp glows
whenever modulation percentage exceeds
a level set by means of a calibrated dial.

The audio-frequency envelope of the
modulation wave form is available at
a pair of terminals for operating the
Type 1932-A Distortion and Noise
Meter. A 600-ohm program-monitoring
output is also provided.

MODULATION MONITOR

The front panel is shown in Figure 9.
Only those controls necessary to normal
operation appear on this panel, which
is removable by means of the two
fasteners shown. Other controls and
indicators appear on the inner panel
shown in Figure 10. The chassis-top
view of Figure 11 shows the circuit-
flow markings and the color-coded
spots that identify the internal adjust-
ments.

Constructional features of the modu-
lation monitor are identical with those
of the frequency deviation monitor and
are clearly shown in Figures 1, 8, 9,
and 10.

SPECIFICATIONS

Range: Modulation percentage, 0 to 1109,
indicated by meter on positive peaks, 0 to 1009,
on negative peaks. The flashing lamp is ad-
justable to operate from 0 to 1009, on negative
peaks.

Carrier-Frequency Range: The monitor will oper-
ate at any carrier frequency from 0.5 to 60
megacycles. A single set of coils (either 0.5 to 8

megacycles or 3 to 60 megacycles) is supplied
with each instrument, unless both sets are
specifically ordered.

Carrier-Frequency Input Impedance: About 75 ohms
in the broadcast band, increasing slightly at
higher carrier frequencies and varying some-
what with input tuning.

Accuracy: The over-all accuracy of measure-

Figure 8. Functional schematic of the amplitude modulation monitor.

v2 REC¥I::-'IER MODULATION
‘_I‘l AMPH N TVM }——@ METER
RF 15
INPUT ET e o
CARRIER V5 veé OVER-
; B'Qa%DHTHYRATRON]——@ MODULATION
( LAMP
i TO EXTERNAL
53 AUDI D&N METER
OVER-MODULATION 4 OUTPUTS (100 KQ)
PEAK DAL [~
AMP —(©) TO_600-0HM
i 12 | MONITORING

LINE
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AMPLITUDE -MODULATION
MORITOR

10k S @ A iy
GENERAL omlo GO.
et wogkaz woree.

Figure 9. Panel view of the amplitude modulation monitor.

ment at 400 cycles is 2%, of full scale at 0%,
and 100%, and £49, of full scale at any other
modulation percentage.

Detector Linearity: The distortion in the diode
detector is very low for frequencies up to 7500
cycles. Above this frequency, a small amount
of negative-peak clipping occurs, reaching 5%
at the extreme high end of the audio range at
15,000 cyeles and 1009, modulation.

R-F Power: In the broadcast range the maxi-
mum r-f power requirement is about 0.5 watt.

Tube Complement: The following tubes are used:

2 — 6SN7-GT 1 — 2050

2 —68J7 2 —0D3

1 —6ALS 1 —6X5GT
Warning Lamp Circuit: The OVERMODULA-

TION lamp will flash whenever the negative
modulation peaks exceed the setting of the
MODULATION PEAKS dial by 29, or more
modulation, for audio frequencies between 30
and 7500 cycles. For higher audio frequencies,

the percentage overmodulation required to
flash the lamp increases slightly.

The accuracy of the dial calibration is 429,

of full scale.
Meter Circuit: The response of the PERCENT-
AGE MODULATION meter circuit is flat,
within #+0.25-db, between 50 and 15,000 cycles,
and within 40.1 db between 100 and 10,000
cycles.

Either positive or negative modulation peaks
may be read. Calibration in db below 1009
modulation is provided.

The meter dynamic characteristic meets
FCC specifications for modulation monitors.

Audio Monitoring Output: The audio output am-
plifier is flat, within 4-1.0 db, from 30 to 45,000
cycles. The internal impedance is 600 ohms.
Distortion is less than 0.29,. Open-circuit out-
put voltage is about 300 millivolts.

Fidelity-Measuring Output: Flat within =+1.0 db
between 30-30,000 cycles with Type 1392-A

Figure 10. View of monitor with outer panel removed showing adjustments and controls.

i

OVER MODULATION

PEAKS

TUNE FOR MAXIMUM

AUDIO DUTPUT
6000

°O Qo
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Figure 11. View of
chassis showing signal

flow lines.

Distortion and Noise Meter connected. Distor-
tion less than 0.19.

Output level varies inversely with setting of
MODULATION PEAKS dial, thus providing
reasonably uniform input to distortion meter
at all modulation levels. Average output level,
approximately 1.5 volts.

Residual noise and hum level will not exceed
—80 db.

Auxiliary Output: A multipoint connector at the
rear of the instrument provides a means of
connecting:

1. An external Percentage Modulation
Meter, either local, 800 © max., or
remote, 5000 ohms max. loop resistance.

2. To a 600-ohm output for audio monitor-

ing.
3. The Type 1932-A Distortion and Noise

=
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Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 eycles. Power input is approximately
50 watts.

Accessories Supplied: Multipoint connector Typr
ZCAP-5 Power Cord, spare fuses, and one set of
input tuning coils (specify frequency range de-
sired).

Mounting: The instrument is relay-rack mounted.
End frames are available for table mounting.
(See price list below.)

Panel Finishes: Standard General Radio black
crackle. Certain standard grays which can be
processed in quantity can also be supplied.

Dimensions: Panel (length) 19 x (height) 834
inches. Depth behind panel, 10 inches.

Meter. Net Weight: 3234 pounds.

Type Code Word Price
1931-B* |Modulation Monitor, 0.5to 8 Mc. .......ccuuunn. | TARRY $625.00
1931-B* |Modulation Monitor, 3to 60 Mc. ............... | TOPIC 625.00
1931-P5 Extra Tuning Coils, 0.5t0o 8 Mc. . ............... TABBY 23.00
1931-P6 ;Exh’u Toning Colls, 31000 MC. ....c0iovaovesssss TOTEM 23.00
FRI-510 IEnd EvOmes: . n R A 0 o et e a i e 8 s e a0y ENDFRAMEAT 13.00 pair

*U. S. Patent 2,298,177.

FCC TYPE APPROVAL FOR GENERAL RADIO
TELEVISION TRANSMITTER MONITORS

The Federal Communications Com-
mission has issued type approval under
Part 3 of the Commission’s rules for the
General Radio Type 1184-A-A Tele-
vision Transmitter Monitor. The ap-

proval covers operation on all VHF and
UHF channels, and the FCC type ap-
proval number is 3-105.

There are some TyprE 1184-A Monitors
now in service that differ from the ap-

File Courtesy of GRWiki.org
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proved Type 1184-A-A in two minor
respects, both easily changed in the field
without interrupting operation. A bake-
lite disc in the overmodulation-warning
lamp is to be removed, so as to make the
light brighter, and a “Af check’” push
button is to be installed in order to
allow a quick check of over-all operation.

The Commission has also issued type
approval for the older Typre 1183-T-A
Television Transmitter Monitor. The
approval covers operation on VHF and
UHF channels below 800 Me, which
covers all monitors now in service, and
the FCC type approval number is 3-104.

The existing Typrs 1183-T1, -T2, and
T3 Monitors now in service differ from
the approved Type 1183-T-A in the
same two respects described above for
the Typrr 1184.

We will supply, on request and at no
charge, instructions and all necessary
material for making the changes on all
Typre 1184-A and 1183-T1, -T2, and -T3

Panel view of the Type
1184-A-A Television Trans-
mitter Monitor.

Monitors now in service. Please write
to our Service Department, 22 Baker
Avenue, West Concord, Massachusetts,
giving type and serial number of your
monitor, shipping address, and name of
individual who will be responsible for
handling the matter.

These General Radio monitors are
the first complete, television frequency
and modulation monitors, and the first
UHF monitors of any type, to be
granted FCC type approval under the
current rules.

The older Type 1183-T Monitor was
designed before precision-offset opera-
tion, color transmission, and the current
FCC rules were in effect. The fact that
it has been granted approval under the
current rules illustrates one of the many
advantages of buying General Radio
equipment. The typical substantial mar-
gin of performance beyond current re-
quirements is the purchaser’s best avail-
able insurance against early obsolescence.
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The Type 1210 Unit
. 1
R-C Oscillator, one
of the electronics lab-
oratory’s most useful
general-purpose in-
struments, has several
noteworthy features: o=
1. Small dimensions
2. Sweepable, with
pensive drive
3. Sine- and square-wave
output
4. Low-impedance, low-
distortion output
5. High-impedance, high-
voltage output

inex-

This versatile oscil-
lator appears now in slightly different
external appearance, necessitated by a
change in internal construction.

The new model, Type 1210-C, re-
mains unchanged in its electrical char-
acteristics but has been redesigned to
use etched circuits, a development that
results in a greater uniformity of per-
formance and greater reliability than
:an be achieved by individual wiring.

The etched circuit, like many manu-
facturing developments, has been some
years in achieving maturity. Fluxing,
soldering, and cleaning problems have
been largely solved, and its use in equip-

APRIL, 1958

TYPE 1210-C UNIT R-C OSCILLATOR

ment where uniformity and reliability
are paramount considerations is steadily
growing. Ior some years, the General
Radio Company has been carrying on
a continuous development program in
etched circuit technology with the aims of
(1) eliminating the “bugs” thatinevitably
crop up in a new process and (2) building
a technique of manufacture and test.
The fruits of this program can already
be seen in a number of General Radio
instruments, the latest of which is the
new Type 1210-C.
1Bousquet. A. G., Peterson. A. P. G., and Sinclair, D. B.,

“Unit R-C Oscillator — 20 Cyecles to 500 Ke,"” General
Radio Experimenter, Vol. 29, No. 12, May, 1955, pp. 1-11.

CONDENSED SPECIFICATIONS

Frequency Range: 20-500,000 ¢ in 5 ranges.
Frequency Accuracy: & 3%.

Output Control: Logarithmice, calibrated 0-50 db.
Output System: 3-position switch for square-
wave, sine-wave low-impedance, or sine-wave
high-impedance output.

Low-Impedance Output: (For loads of 500 ohms
and higher) 0-7 v, & 1 db up to 200 ke.

High-Impedance Output: (For loads of 10,000 ohms
and higher) 0-45 v, & 1 db from 200 ¢ to 200
ke.

Square-Wave Output: 0-30 v peak to peak; rise
time approximately 14 usec.

Tube Complement: One each 6BQ7-A, OB2; two
12AU7’s.

Power Supply: 6.3 v ac or de at 1 amp.; 300 v de
at 50 ma. Type 1203-A Unit Power Supply for
operation from 115 v, 50-60 cycles.

Mountings: Black-crackle finish aluminum panel
and sides; aluminum cover finished in clear
lacquer.

Dimensions: 1014 (width) x 534 (height) x 7 inch-
es (depth) over-all. Weight: 614 Ib.

Type Code Word Price
1210-C* Unit R=C Osclllelor. ...u «.. i vo5a’e civismiminass s s sss ABAFT $180.00
1203-B Unit Power Supply ALIVE 40.00
480-P4U3 Relay-Rack Panel (for mounting both 1210-B and

1203-Ainonepanel).......cooovviinnnnn. UNIPANCART 10.85

*U. 8. Patent No, 2,173,427,
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HIGH-POWER VARIAC" AUTOTRANSFORMER ASSEMBLIES

View of the Type W50G6BB 6-gang Variac.

The new W30 and W50H Variacs”
are available in four-gang and six-gang
assemblies as well as the familiar two-
gang and three-gang assemblies avail-
able in most Variac® types. This al-

recommended

18

it that Tyee 50-P
(Chokes be used with these gangs. Order
chokes as follows:

Assembly Chokes Needed

lows double the load capacity for single 4-gang parallel............3 Tyrr 50-P1
assemblies. The table gives the kva 6-gang PRTAIBL S v s b :f '}‘:::: x'-?(())-[}:! and

ratings for 4 and 6-gang assemblies in dgangdelta............ 9 Typr 50-P1
common circuits. G-gang delty. . ol sl St 2 Tyree 50-P1 and

o » 2 Tyre 50-P%

All 4-, 5-, and G-gang models are 2 Type 50-P2

. . g et 6-gang wye............ 3 Tyee 50-P1

equipped with ball bearings.

Type Code Word Price
CHOKES = — —— —

. ’ ; 50-P1 PARALLCHOK $16.00

In order to avoid ('Il'«‘lll:llln}_' current, 50-P2 TRIPLECHOK 16.00

Load Ratings — KV A
Type Parallel  Delta Wye  Code Word Price

W50G4BB 4-Gang Variac 23.0 19.9 | GAraLGanka|  $540.00
W50G4BBM  4-Gang Variac with case 20.7 18.0 1 GATALBONKA 600.00
W50G5BB 5-Gang Variac GATALGANFO 670.00
W50G5BBM 5-Gang Variac with case | GATALBONFO 735.00
W50G6BB 6-Gang Variac 34.5 29.9 40.0 GATALGANSA 800.00
W50G6BBM 6-Gang Variac with case 31.2 27.0 36.0 | GATALBONSA 870.00
W50HG4BB 4-Gang Variac 29.9 25.9 1 NITALGANKA ‘ 540.00
W50HG4BBM = 4-Gang Variac with case 28.5 24.6 NITALBONKA 600.00
W50HG5BE 5-Gang Variac NITALGANFO 670.00
W50HG5BBM  5-Gang Variac with case NITALBONFO 735.00
W50HG6BB 6-Gang Variac 449 38.9 2.0 NITALGANSA 800.00
W50HG6BBM  6-Gang Variac with case 427 .| 889 | 4 | NITALBONSA 870.00

U, S. Patent applied for,
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THE MEASUREMENT OF DIELECTRIC PROPERTIES
IN THE 200-5000 MC RANGE

A simplified method and a new slotted
line have been developed for the meas-
urement of the dielectric constant and
loss of low-loss solid insulating materials
in the 200-5000 Mc frequency range. The
basic method is a modification of one
previously described by Robertson and
von Hippel,' and Dakin and Works.2
Method

If a section of open-circuited trans-
mission line is filled with dielectric as
shown in Figure 1, the dielectric constant
and dissipation factor can be determined
from measurements of the input imped-
ance to the section of line filled with the
dielectric and from a knowledge of the
frequency and the sample length. The
input impedance, Z;, can be calculated
from measurements of the standing-
wave pattern present on the air-filled
section of line shown in the figure. The
actual calculations are complicated by
the fact that the equation which has to
be solved is complex and transcendental,
and they become particularly involved
when a low-loss dielectric is being meas-
ured, in which case the resistive losses in
the line are usually large compared with
the dielectric losses in the sample. The
whole procedure can be greatly simpli-
fied if either the sample length or the
frequency is adjusted to make the elec-
iS. Robertson, A. von Hippel, Journal of Applied Physics,
24 S Dakin C. N. Works, Journal of Applied Physics,
18,780 (1947).

(For an excellent treatment of dielectric measurements,

see also A. von Hippel, Dielectric Materials and Appli-
cations, John Wiley and Sons, New York, 1954.)

Figure 1.

STANDING A

2o
f._z\ﬁ(__—'

- /
ZDIELECTRIC ZAIR,
CONSTANT, K DIELECTRIC

CONSTANT, 1

trical length of the sample an odd mul-
tiple of a quarter-wavelength, so that
the voltage minimum on the air-filled
section of the line will appear at the
front face of the sample. Under these
conditions the equations for the dielec-
tric constant and dissipation factor are
the following:

(2o

where

K is the dielectric constant

D is the dissipation factor

X is the wavelength in free space

1 is the physical length of the sample

N is an odd integer which is equal to the
number of quarter-wavelengths in the sample

A is a constant which corrects for the resis-
tive losses in the line conductors and

p is the VSWR on the air dielectric line.

-4 @
wlp

Since a voltage minimum will appear
at the dielectric face at frequencies at
which the electrical length of the sample

l
(equals \TE) is M, %4, %, etc., wave-

lengths, one measurement is not suffi-
cient to give a unique value of the con-
stant. Measurements at two frequencies
properly chosen will give a unique solu-
tion. In many instances the dielectric
constant is approximately known, and,
therefore, the proper integer for N can
be chosen by inspection.

In practice, however, it is not possible
to locate the voltage minimum accu-
rately and to measure the standing-
wave ratio when the minimum is directly
at the front face of the sample. It has

Figure 2.
Ao 2o
2K 2
k—l—x—-‘ ,——'x LR, DIELECTRIC
DIELECTRIC CONSTANT, 1

CONSTANT, K
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GENERAL RADIO EXPERIMENTER 4

been determined, however, that, with
small modifications of the simple expres-
sions previously presented, one can
measure the dielectric properties with
the voltage minimum in the vicinity of
the sample and yet far enough away to
make the selection of the frequency non-
critical and to permit the measurement of
VSWR by a width-of-minimum method.

Let us assume that the dielectric is
exactly an odd multiple of a quarter-
wavelength long and that the voltage
minimum is directly at the front face of
the sample as shown in Figure 2. Under
these conditions, K and D can be cal-
culated from Equations (1) and (2).
Now suppose that a small amount of the
dielectric near the voltage minimum is
removed as indicated by the cross-
hatched section in the figure, where the
length of sample removed is indicated by
z. If the sample has low loss, the voltage
appearing at the voltage minimum rela-
tive to the voltage at other points along
the line is very small and, therefore, the
effect of dielectric near this point in the
line is small compared to the effect at
other points along the line. Conse-
quently, the removal of the dielectric in
the area near the voltage minimum has
very little effect on the position of the
minimum on the line. The dielectric con-

: 0
E 10 \\k
o 5
= \
0.5 !
X = DISTANCE FROM DIELECTRIC \
FACE TO VOLTAGE MINIMUM
£ = LENGTH OF SAMPLE
02} \
ol
100 1000 10,000

FREQUENCY—Mec.

stant can, therefore, be measured with
the voltage minimum slightly ahead
of the dielectric face with a negligibly
small error. The modified equation for
dielectric constant is:

go
* = e+ 2)

The above equation is based on the fol-
lowing approximation:

(3)

1 =
——=tan (VK Br) =tanpfz (4)
VK
where 8 is the propagation constant in
free space. The error in the determina-
tion of K resulting from the use of this
approximation is:

=

The value of x which results in a 19
error is plotted in Figure 3. As indicated
in Equation (5), the error varies as the
cube of x.

The same condition holds for measure-
ments of the dissipation factor. Near
voltage minimum the dielectric loss is
low, because of the relatively low volt-
age and, therefore, the dielectric can be
removed near the minimum without a
significant change in the over-all dielec-
tric loss. The resistive loss in the con-
ductors in the area where the dielectric
is removed is practically unaffected since
the current distribution remains practi-
cally the same. The equation for dis-
sipation factor becomes:

Aqp
D=
3(l+z)

()

(6)

where A,y is the width of the voltage
minimum measured at points where the
voltage is 10 db greater than the voltage
at the voltage minimum. The value of 4,
which represents the losses in the air-

Figure 3. Distance x, from voltage minimum to
dielectric face, to produce 1%, error for various values
of dielectric constant.
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filled line, can be obtained from a meas-
urement of the VSWR on the line with
the sample removed. The equation for
A is:

_

A
3l

(@)

where the width of the voltage minimum

MAY, 1958 @

between 10-db points, Ay, is measured
with the sample removed, and where [’ is
the distance in centimeters between the
voltage minimum at which the VSWR is
measured and the open end of the line.
For maximum accuracy, the length of
line measured should be as long as pos-
sible.

THE TYPE 874-LM DIELECTRIC MEASURING LINE

As is obvious from the preceding de-
scription, in the proposed measurement
method the slotted line and the sample
holder must be one integral unit. The
instrument designed for this function
utilizes a coaxial transmission line which
consists of an accurately machined
bronze outer tube having an inside di-
ameter of 0.562"" (7/16) with a 0.002"
overlay of silver on its inner surface and
an inner conduector 0.250” in diameter
also with a similar overlay. The line is
sufficiently long toaccommodate samples
up to 45 centimeters in length. The
minimum frequency at which measure-
ments can be made by the simplified
method previously described depends
upon the dielectric constant of the ma-
terial being measured and is approxi-

200
mately f,.., = ——= Mec. Of course, meas-

VK

urements can be made at lower frequen-
cies by the more complicated method
previously referred to. The actual low-
frequency limitation is primarily de-
termined by the sensitivity of the de-
tector.

A movable carriage containing the
probe rides on the accurately ground
and lapped outer surface of the bronze
tube. The position of the probe, and
hence of the voltage minimum on the
line, can be determined by means of an
indicator on the centimeter scale to

Figure 4. Losses in the slotted line itself, as measured,
and as calculated for smooth silver surfaces.

within =4 0.01 centimeter. A microm-
eter vernier drive on the carriage is pro-
vided for width-of-minimum measure-
ments. The micrometer is capable of
measuring the width of a minimum to
within 0.0002 centimeter.

SOURCES OF ERROR
Line Losses

As previously mentioned, in measure-
ments on very low-loss materials the
line loss can be large compared to the
dielectric loss. The effective dissipation
of the line itself, 4, caused by resistive
losses 1s plotted in Figure 4 as a function
of frequency. For purely resistive losses,
the effective resistance per unit length
increases as the square root of frequency
as a result of skin effect and, hence, the
effective dissipation factor per unit
length decreases as the square root of
frequency. Also plotted on Figure 4 is
the calculated dissipation factor assum-
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GENERAL RADIO EXPERIMENTER 6

ing smooth, pure-silver, inner and outer
conductor surfaces. Note that the agree-
ment is quite good.

The ratio of the dielectric loss to the
resistive loss on the line varies with
both the dissipation factor of the sample
under test and the frequency. It is in-
dependent of the length of the sample
when the VSWR measurement is made
close to the dielectrie face. Figure 5 is
a plot of this ratio for a normalized dis-
sipation factor 0.0001. In other words,
at a frequency of 500 Me, the ratio for
a dielectric material having a dissipation
factor of 0.001 would be 1.4. It is obvi-
ous that at lower frequencies the ratio
becomes smaller, and, hence, an accurate
measurement of line losses is very im-
portant. Small errors in this measure-
ment can have a large effect on the
measured dissipation factor of low-loss
materials at low frequencies.

Fringing

In an open-ended transmission line,
fringing capacitance exists at the end of
the conductors. This capacitance makes
the transmission line appear longer elec-
trically than it is physically. Figure 6
shows the results of measurements made
on the fringing capacitance in the co-

w- DIELECTRIC LOSS
RESISTIVE LOSS

~

b |

M (MULTIPLY by Dxio%)

gt

0S
200

100 500 1000

FREQUEKCY- Mc

2000 5000

Figure 5. Ratio of loss in sample to loss in line
normalized for a D of 0.0001.

axial dielectric-measuring line with the
dielectric removed. The added electrical
length, resulting from the fringing ca-
pacitance of 0.15uuf, is approximately
0.23 centimeter. When dielectric samples
are present, the effective added length de-
creases approximately proportionally to
the dielectric constant of the insulating
material. The correction for fringing
capacitance can be included in the di-
electric-constant equation as indicated
below or, if a sufficiently long dielectric
sample is used, the error is negligible.

Nx T 046
i =[4(l+x)] o g

Air Gaps
Air gaps between the sample and the
dielectric conductors of the transmission

®)

03
MEASURED DIFFERENCE BETWEEN ELECTRICAL
AND PHYSICAL LENGTHS OF AIRLINE CAUSED BY
FRINGING CAPACITANCE AT OPEN END OF LINE
=+ } + & ol
[ B
x +
0.2

E
S
<
<

_.1 *——Al Figure 6. Effective in-

E crease in line length

=55Te A OR Yl caused by fringing.

| % EFF. C = 0.15 ppf
- I N [
L 50-0HM AIRLINE
0
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Figure 7. Error in K caused by air gaps between di-
electric sample and inner and outer conductors.

line cause errors in the measurements.
Figure 7 indicates how for a given gap
those errors vary with the dielectric con-
stant on the coaxial line described in this
article. The minimum practical gap is
one of the factors which set a limit on
the maximum dielectric constant which
can be measured to a given accuracy.

Probe Coupling

* As a probe approaches the dielectric
sample, its effective coupling to the
center conductor will increase as a result
of the dielectric effectively increasing
the capacitance between the probe and
line. The point at which the probe

Figure 8. Variation in probe coupling as a function of
distance between probe and dielectric face.

1 I T
INCREASE IN PROBE COUPLING NEAR
DIELECTRIC FACE

MAY, 1958

coupling is significantly affected is the
minimum distance which can be toler-
ated between the dielectric face and
probe. Figure 8 shows the variation in
probe coupling as a function of dis-
tance measured in the line described
later in this article. Note that, for rela-
tively low-loss dielectric materials with
dielectric constants even as large as
9,000, the increase in coupling is very
small at distances greater than a milli-
meter. Therefore, the probe should not
be allowed to approach closer than a
millimeter when either the position of
the minimum or the width of the mini-
mum is measured. When high-loss ma-
terials are measured, and the minimum
is very broad, an even larger minimum
spacing is necessary, because even a
slight variation in coupling will shift
the apparent center of the broad mini-
mum. Figure 9 shows the results of
measurements made on various samples
in order to determine the effect on the
position of the minimum as a result of
added probe coupling. In this figure
the position of the voltage minimum
with respect to the front face of the di-
electric is plotted as a function of wave-
length for samples having various dis-
sipation factors. If probe coupling were
constant, these curves would be straight
lines. Note that, for the two relatively
low-loss samples, the variation follows
the linear law until a spacing of less than

Figure 9. Effect of probe coupling of position of
minimum.
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GENERAL RADIO EXPERIMENTER 8

0.2505 LD. 0.5615 0D
0.2495 0.5605
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WITH O.D.
Figure 10. Dimensions of sample.

FACES MUST
BE L TO AXIS

one millimeter is reached. The sample
having a very high dissipation factor,
however, shows that the position of the
minimum is affected at spacings up to
0.3 centimeter.
The Sample

One limitation of the proposed method
is that the samples must be at least a
quarter-wavelength long, and at the
lower frequencies this length may not be
sasy to obtain in a single sample. How-
ever, the quarter-wavelength section can
be made up of a number of shorter
lengths, which can be easily machined.
Another limitation is that either the
frequency or the length of the sample
must be trimmed to obtain a voltage
minimum within the limits previously
described. If the measurements must be
made exactly at a specified frequency,
some cut-and-try work must be done on
the samples themselves. The dimensions
of the sample are shown in Figure 10.

The use of an open-ended line greatly
simplifies the mechanics of the insertion
of the samples and eliminates the need

Figure 11. Sample is easily installed by means of
tool furnished.

for and the complication of the quarter-
wavelength section of short-circuited air
line ordinarily used to produce open
circuit at the end of the sample in most
sarlier open-circuited methods, and the
need for a very low-loss short circuit
directly at the end of the sample re-
quired on earlier short-circuit methods.
Also the technique of shifting frequency
until the minimum appears near the
dielectric face results in a very great
simplification in the calculations required
to obtain dielectric constant and dissi-
pation factor. The techniques of inser-
tion and removal of the sample are shown
in Figures 11 and 12.
Detector

The detector which produces the best
results in this application is heterodyne
type in which the signal from the probe
and a signal from a local oscillator are
applied to a crystal diode mixer and the
difference frequency output is amplified
by means of a fixed tuned I-F amplifier.
The Type 1216-A Unit [-F Amplifier,
Type 874-MR Mixer Rectifier and
various Unit Oscillators are well suited
to this application. These are available
in complete combinations as the Type
DNT Detectors. The r-f mixer is ac-
curately linear over a voltage range from
about 80 db and, hence, the relative
level of the signal picked up by the probe
can be easily measured by means of a
calibrated step attenuator and calibrated

Figure 12. Tool for removing sample is also furnished.
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output meter in the Typre 1216-A I-F
Amplifier. With a heterodyne detector,
an unmodulated signal can be used to
excite the line, thus eliminating errors re-
sulting from incidental frequency modu-
lation produced when the oscillator is am-
plitude modulated. This type of detector
hashigh sensitivity, good linearity, and ex-
cellent discrimination against harmonics.
Oscillator

The requirements for the oscillator
used to excite the line are not exacting.
Simple, low-power, tunable, c-w oscil-
lators having good stability, such as the
GR line of Unit Oscillators, are recom-
mended. Signal generators are also sat-
isfactory sources. Since a high-sensitiv-
ity detector is used, the oscillator can
be directly coupled to the slotted line,
preferably through a resistive pad with-
out the use of tuning elements.

The complete setup, including gen-
erator and detector, is shown in the
block schematic of Figure 13.
Frequency Limitations

The maximum frequency at which re-
liable measurements can be made is
that at which the first higher-order
mode can be propagated in the dielectric
under test. In the air-filled line, the first
higher-order mode, which is a circum-
ferential mode, has a cutoff frequency of
about 9000 Mec. This cutoff frequency
decreases as the square root of the di-

MAY, 1958

CALIBRATED
L-P FILTER ATTENUATOR
Loca| ™ 1 e
e
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Sk IF
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DIELEGTRIC CENTER CONDUGTOR
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L-P FILTER
DIELECTRIC-MEASUREMENT SETUP

Figure 13. Block diagram of complete dielectric
measuring system.

electric constant and hence the upper
frequency limit is 9000/ VK.
Accuracy

With  this instrument, accurate
straightforward measurements on ma-
terials having dielectric constants be-
tween 1 and 10 and dissipation factors
between 0.0001 and 0.05 can be made
with an accuracy of about + 29, in di-
electric constant and =+ (59, + 0.0001)
in dissipation factor over a frequency
range from about 200 to 5000 Mc¢. The
dielectric-constant aceuracy is satisfac-
tory for most applications, and the dissi-
pation-factor resolving power makes pos-
siblereasonable measurementsoneven the
lowest loss materials presently available.
Applications

Figure 14 shows the results of meas-
urements made on Teflon over a wide
range of frequency. — R. A. SODERMAN

Figure 14. Dielectric tant and di factor of Teflon as measured on the
Type 874-LM Dielectric Measuring Line.
2.1
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GENERAL RADIO EXPERIMENTER 10

SPECIFICATIONS

200
Frequency Range: Minimum, ﬁ Me; Maximum

0
5000 Mc or 93—(;—( Me, whichever is the smaller.

Measurement Ranges and Accuracies: Diclectric
Constant (K) + 29, for values of K between
1 and 10; Dissipation Factor, x= (59, +
0.0001) for values of dissipation factor between
0 and 0.05.

Sample: Cylindrical; O.D., 0.561 inches; 1.D.,
0.250 inches; length depends upon dielectric
constant and frequency; long samples can be
made up of a number of short sections.

Type

Micrometer Scale: Can be read to 0.0002 cm.

Accessories Required: Generator and detector;
General Radio Unit Oscillators (with Type
1201-A Unit Regulated Power Supply) and
Type DNT Detectors, respectively, are recom-
mended. A complete listing of these will be
found in the March, 1958, issue of the Experi-
menter. Also required, one Typre 874-G6 6-db
Pad and one TypE 874-G3 3-db Pad. Appropri-
ate Type 874-F Filters are also recommended.

Dimensions: 26 x 414 x 314 inches, over-all.
Net Weight: 914 pounds.

Code Word Price

874-LM

| Dielectric Measuring Line. .. .............ceu.. | coaxracror |

$400.00

OPEN HOUSE AT NEW CONCORD PLANT

On Friday, June 6, 1958, from 1:00
p.M. until 4:00 p.m. the General Radio
Company will hold open house at its
newly enlarged plant in West Concord,
Mass., located between Massachusetts
highways Routes 2 and 62. We invite
all of our customers and friends who are
interested to attend. Ample parking fa-
cilities are located immediately adjacent
to the buildings.

Open for inspection:
¥ Many operating displays of the latest
~ GR instruments.

v The engineering development labora-
tories.

# The well-equipped model shop, in
which the first models of new items
are made.

¥¢ Standardizing laboratory, where all
GR instruments are calibrated,
checked and certified prior to ship-
ment.

¥ Instrument- and component-assem-
bly departments.

# Variac® winding, assembly and test-
ing department.

¥¢ Supporting departments, such as pro-
duction planning, purchasing and

File Courtesy of GRWiki.org
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IMPROVEMENTS IN DECADE INDUCTORS

The Type 1490 Decade Inductors and
the Type 940 Decade Inductance Units
have recently been redesigned to use
a newer type of switch. As a result, the
@Q’s of the low-inductance units have
been improved and the resonant fre-
quencies of the high-inductance units
have been raised. These two improve-
ments come about from the lower and
more stable contact resistance of the
new switch and from a change in the
switching method.

The new decade switch has high-
quality, ceramic stator-and-rotor mem-
bers and utilizes a well-defined ball-and-
socket detent. All contacts are made of
a solid-silver alloy and have a positive
wiping action. This switch is inherently
reliable in extensive use and should not
require bothersome cleaning or adjust-
ment in service.

The d-c¢ resistance at zero setting of
a four-decade Type 1490 Decade In-
ductor with the older switch is over 400
milliohms, while with the new switch it
is approximately 30 milliohms. The
former value is a substantial part of the
total resistance in the lowest-inductance
decade, where the improvement ranges
from 6.2:1 for the 1-mh step to 1.6:1 for
the 10-mh step. There is a correspond-
ing improvement in @ at low frequencies,
as shown for the 1-mh step in Figure 2.

A different method of switching has
lowered the stray capacitance across
the active inductors, with a consequent
increase in their resonant frequency.
This is most important on the high-in-
ductance decades but is also significant
for the lower decades of a Type 1490
Assembly. Originally, four inductors of
unit values 1-2-2-5 were connected in
series, and those inductors not required
for any setting were shorted out by
switches. This added the resistance of

Figure 1. View of the Type 1490-C Decade Inductor.

the closed switches in series with the
active inductors and placed the ground
capacitance of the unused inductors
across the active inductors below them
in the series circuit.

With the new switching sequence the
number of switch contacts in cireuit is
minimized, and unused inductors are

Figure 2. Plot of Q versus frequency for the 1-milli-
henry step in the old and new decade inductors.
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|
bt e,

Figure 3. View of the Type 940-H Decade
Inductance Unit,

12

completely disconnected. The resultant
increase in resonant frequency for the
low setting in each decade runs between
1.5 and 1.9, so that the correction
factors for inductance at the high fre-
quencies are reduced by these ratios.

The new switch requires somewhat
more space, which increases the length
of the Type 940 Decade in a direction
perpendicular to the switch shaft and
likewise the panel width of the Typr
1490 Cabinets. New type letters have
been assigned as follows:

New  Replaces

Type Old Inductance Code Word Price

940-E 940-A L | e P INDUCTOANT $100.00

940-F 940-B 10 millibenryS/sIop . v oo v v .o vsveascensvais INDUCTOBOY 100.00

940-G 940-C 00 ISRy S /S0 i w00 o oo snnisnsesissny INDUCTOCAT 100.00

940-H 940-D L e e I INDUCTODOG 110.00
1490-C 1490-A 1.11 henry max, 1 mh/step. .. .............. CLUMP 330.00
1490-D 1490-B 11.11 henry max, 1 mh/step. ................ COACH 440.00

EQUIPMENT LEASING

Some users have found it desirable
to lease test equipment rather than to
purchase it outright.

We do not have arrangements for
direct leasing, but there are a number

General

of concerns which make a business of
leasing. We should be glad to suggest to
those interested the names of several
firms which specialize in the leasing of
electronic equipment.

Radio Company
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Comparing time signals
with the Type 1100-AP
Primary Frequency Standard
in the General Radio labo-

ratories. The Comparison
Oscilloscope is at the top of
the rack directly in front of
the observer, who adjusts
the Microdial as he watches
the oscilloscope pattern.
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STANDARD TIME SIGNALS

Improving the Accuracy of Comparison Between Radio
and Local Time Standards

Many of the activities associated with
the International Geophysical Year re-
quire accurate time and frequency stand-
ardization. It is frequently desirable to
have a local time-and-frequency stand-
ard, for use when radio reception is poor
or when local timing equipment is to be
operated. Standardization can be ac-
complished by a comparison of the time
indicated by the local standard, such as
the Type 1100-AP Primary Frequency
Standard, with the standard radio time
signals transmitted by national agencies
in the United States and in other coun-
tries. These signals consist, in part, of
pulses, dots, or dashes at intervals of
one second. This article describes a
method of measurement of the time of
arrival of time signals with a precision
of 4= 1 millisecond.

The Local Standard

The Type 1100-AP Primary Fre-
quency Standard comprises a quartz
crystal oscillator operating at 100 ke
and a frequency divider chain with out-
put frequencies at 100 ke, 10 ke, 1 ke,
and 100 eycles per second. The 1-ke out-
put drives a precision clock (the TypE
1103-A Syncronometer), in which is in-
corporated a contactor that opens and

Figure 1. Panel

view of the Syn-

cronometer. The

Microdial is at the

right of the clock
face.

closes once per second. This contactor
is adjustable in phase, or time of opera-
tion with respect to the clock shaft, in
such a way that the closing time can be
set at any value with respect to an arbi-
trary zero, from 0 to 999 milliseconds
and on around, through zero, into the
next second. A calibrated control, called
the Microdial, is provided, which is
graduated in 10-millisecond increments
from 0 to 100 in 360°, or 0 to 1000 milli-
seconds.

Calibration

The calibration of a time or frequency
standard by reference to radio time sig-
nals requires a series of measurements of
the time of arrival of standard time sig-
nal pulses over an extended period of
days or weeks in order to reduce the
errors in time-signal reception times to
negligible proportions. In the measure-
ment the audio frequency dash or tick
in the radio receiver output is compared
with a timed reference signal from the
local source to be calibrated. For ex-
ample, let us assume that the standard
time signals are received at a setting of
26.3 on the first day, 26.4 on the second
—to 27.3 on the eleventh day. This
represents an increase of the Microdial

File Courtesy of GRWiki.org
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reading of 1 division in 10 days or 10
milliseconds, which is 1 millisecond per
day gain. Each day consists of a total of
86,400 seconds (mean solar time). This
figure is approximately 10° seconds, or
10® milliseconds, per day. Since the fre-
quency-standard clock is gaining at the
rate of 1 millisecond per day, the clock-
oscillator frequency (local frequency
standard) is running approximately
1 x 10-* too high in frequency, and is
constant in frequency. 1f the Microdial
setting had gained, or lost, time at a
rate proportional to the square of the
elapsed time, the frequency of the clock
oscillator would have been changing at a
constant rate of increase per day. Thus it
is possible to compare local frequency
standards with standard time signals for
calibration of both frequency and time
indications. In order to achieve the de-
sired precision in the use of this method
to calibrate the Type 1100-AP Primary
Frequency Standard, it is necessary to

use the Microdial contactor with an
oscilloscopic indication of the time
signal.

Use of the Microdial

As originally contemplated, the Mi-
crodial contactor was used as a phase-
able gate, which let a time signal through
when it was open and shorted it out
when closed. The operator determined
the time of arrival of the time signal by
finding the setting of the Microdial for
which the “ of the time signal was
just perceptible, in head tele-
phones or a loudspeaker. The precision

nose’’
barely

TIME SIGNAL
Y|ME === l ' ! i
o
b ol
_cmsnﬂ GLOSED CLOSED _I[ MICRODIAL CONTAGTOR
5 Loeen|
. i b
| ‘ 1 b TURNED  TOWARD
]| {ctosep ], {"eroseo ;T EARLIER TIME (LOWER
NUMBERS ON DIAL)
E E CONTACTOR SET SO ONLY
THE NOSE OF TIME DOT
1S HEARD.

Figure 2. Diagram of time comparison using the
Microdial.

of setting by this method is approxi-
mately & 5 milliseconds. A time diagram
of this operation is shown in Figure 2.
For greater precision in this comparison
method, a detector, or display device, is
needed for indicating more precisely the
relationship between the Microdial set-
ting and the time of arrival of the signal.
The aural method is subject to con-
fusion from interfering noises and sig-
nals, and it depends upon the hearing
of the operator for establishing a con-
stant interval in milliseconds between
the start of the time pulse and the clos-
ing of the Microdial contactor.

The Comparison Oscilloscope

A precision time-interval indicator is
readily available in the Type 1105-A
Frequency Measuring Equipment in the
form of the Typr 1109-A Comparison
Oscilloscope, shown in Figure 3. The
circular sweep of this cathode-ray indi-
cator can be driven by the frequency
standard at a sweep rate of 100 cycles
per second, which gives a time scale of
10 milliseconds per revolution, with no

Figure 3. Panel view

of the Type 1109-A

Comparison Oscillo-
scope.
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starting transient since it runs contin-
uously. This oscilloscope thus provides
the precision time scale required for ac-
curate determination of the time of
arrival of the time signals. All that is
required is a knowledge of the character-
istics of the time signals and of their
appearance as seen on the oscilloscope,
so that a suitable method may be chosen
for using the display to calibrate the
time of arrival of the time pulses.

Such a method has been in use here
at the General Radio Company for
several months with entirely satisfac-
tory results. This method requires the
following settings of the selector switches
of the Type 1109-A Comparison Os-
cilloscope:

(CIRCULAR SWEEP FREQUENCY)
to 100 cycles, and SELECTOR to DET.-
STD. CIRC. SW. The radio-frequency
time signal must then be received by a
detector unit, which may be a Typr
1106-A, -B, or -C Frequency Transfer
Unit or a radio receiver. The resulting
audio signal is supplied to the oscillo-
scope. In the Type 1105-A Frequency
Measuring Equipment Assembly, this
is accomplished by setting the switch on
the Type 1108-A Coupling Panel to
select the DETECTOR at L(ow),
M(edium), or H(igh) frequency, as re-
quired, or EXT. (external) for a separate
receiver. The audio signal will produce
a radial deflection of the scope pattern.
Adjustment of the Microdial setting
will then vary the closing time of the
gate so that, with the MICRODIAL
switched ON (on the Coupling Panel),

CLOSING TIME OF
MICRODIAL CONTACTOR
(SET BY OPERATOR)

Figure 4. Diagram of time-signal

display on Type 1109-A Com-

parison Oscilloscope with Micro-

dial contactor set to close 3 mil-

liseconds after start of time
signal.

ROTATION OF MICRODIAL
TOWARD LOWER TIME
SETTINGS MOVES CLOSING
TIME OF CONTACTOR IN
DIRECTION SHOWN

JUNE, 1958

the start of the time signal can be seen,
and the closing time of the contactor
can be set to a selected constant time
delay after the start of the time signal.
Although time signals from different
sources have slightly differing charac-
teristics, 1t is interesting to note that it
is possible to reduce many of them to a
completely standardized display, as
shown in Figure 4.

In this diagram, the constant time-
delay is 3 milliseconds and the audio
signal is 1000 cycles per second. These
are convenient values and are used in
the examples that follow. The choice of
1000 eycles for the audio tone is con-
venient because (1) it is the modulation
tone on the time signals from WWV, and
(2) it bears an integral relationship to
the 100-cycle circular sweep frequency,
thus assuring a stationary pattern. The
3-millisecond delay interval is chosen
because (1) the Microdial contactor
must short out at least a portion of the
time-signal pulse or there will be no way
to tell when it is set correctly, and (2)
the 3-cycle (or 3 millisecond) tick which
remains is long enough to give an audible
pulse, which can be distinguished aurally
from most impulse noise, and (3) it
provides a long enough period for the
signal to build up if filters are added to
reduce noise.

THE CALIBRATION METHOD IN USE

NSS Time Signals (U. S. Naval Observatory)

The time signals controlled by the U. S.
Naval Observatory are transmitted from sta-
tions NSS, NBA, and NPG on a variety of
frequencies (see current listing of frequencies
and. transmission schedules in U. S. Naval

START OF TIME

__~SIGNAL

DEFLECTION
~ELECTRODE

/100 CYCLE
CIRCULAR-SWEEP
BASELINE
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Figure 6. NSS, 9.425
Mc, 1456 EST.

Observatory bulletins). These transmissions
consist of a series of dashes at one-second inter-
vals, each dash being a keyed continuous-wave
signal, unmodulated. These time signals are
radiated during the five minutes preceding the
hour at the scheduled time.

For the display of this type of time signal
on the circular-sweep scope, a heterodyning
frequency must be added to provide an audio-
frequency beat tone. For ease of calibration,
this beat should be set as near to 1 ke as pos-
sible by reference to the pattern on the circular-
sweep scope with the Microdial contactor not
operating. Each cyele of the beat frequency is
then equal to one millisecond, but the exact
phasing of the various eycles is usually not
steady enough to be used as a direct time
calibration. The display presented by this
method appears identical to that of the modu-
lated signal from WWYV (see next section)
when the Microdial contactor is operating with
a 3-millisecond interval between ‘“nose’” and
closing time of the contactor. A photograph of
the oscilloscope display of the time signal from
NSS is shown in Figure 6. Note the apparently
exact duplication of the display of Figure 7
with the notable exception that the signal-to-
noise ratio is considerably better in the case
shown in Figure 6. The heterodyning frequency
was provided by the heterodyne frequency-
meter oscillator in the Tyer 1106-B Frequency
Transfer Unit. A Hammarlund SP-600-JX re-
ceiver was used as an external detector.

WWV  Time (National Bureau of
Standards)

The time pulses from WWYV comprise five
complete cycles of 1-ke modulatibn on the
carrier of the standard-frequency transmission,
as shown in Figure 5. During the last two
minutes of most of the five-minute intervals
in any given hour (except for the various inter-
ruptions scheduled — see the current bulletin
of National Bureau of Standards), the carrier
frequency and the time ticks are the only
signals transmitted. The Microdial contactor
remains open for approximately 50 milliseconds,
or 5 revolutions of the circular sweep. There-
fore, the baseline of the sweep is visible through-
out the entire circle even though the deflection
leaves no baseline during the pulse. If the con-
tactor is not set to short out part of the time
signal pulse, the display is similar with the
Microdial contactor in or out of operation,
except that there is more noise and a brighter
baseline display when the contactor is not in use.

When the phasing of the contactor is ad-
justed close to the desired value, the counter-
clockwise end of the 5-cycle pulse will be
shorted out first if the Microdial is rotated

Signals

Figure 7. WWV, 10
Mc, 1437 EST.
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Figure 5. Diagram of
time signal from WWV
with Microdial con-
tactor not operating.

from the higher numbers toward the lower num-
bers on the dial, as shown in Figure 2. If the
Microdial is set to an improper setting, the
contactor will always be closed when a time
pulse is received and no deflection will be
displayed.

One of the advantages of the use of this
method of time-signal reception-time calibra-
tion is that relatively accurate results can be
obtained in the presence of interference strong
enough to prevent use of the carrier frequency
of WWV as a standard frequency. A photo-
graph of the Typre 1109-A Comparison Oscillo-
scope display taken under such conditions is
shown in Figure 7. The interference was a com-
bination of several signals, at least one of which
was an experimental pulse-train generator in
an adjoining laboratory. The receiver was the
detector in the Type 1106-B Frequency Trans-
fer Unit.

CHU Time Signals
Ottawa, Canada)

Time signals are transmitted by the Domin-
ion Observatory, Ottawa, Canada, by the key-
ing of a 1000-cycle tone on the carrier of sta-
tion CHU. The signals are long dashes of
1000-cycle signals once each second, the time
being announced in voice after the fiftieth
second of each minute. The 1000-cycle modu-
lating frequency is a standard frequency, and
the keying device sclects a constant starting
phase for the modulating pulse. Hence each
modulation eyele represents one millisecond.
The display of this signal is again practically
identical with the preceding two examples, as
shown by the oscilloscope photograph of Fig-
ure 8. Some interference is apparent in this
photograph, the beat note shown arising from a
commercial communications transmitter on an
adjacent channel. This signal was received on
the Type 1106-B Frequency Transfer Unit, a
regenerative detector. A sketch of the oscillo-
scope display during the “on” period of the
CHU time signal is shown in Figure 9, the
Miecrodial contactor being switched off. Famili-
arity with this display enables easy recognition
and tuning-in of the time signal.

(Dominion Observatory,

Figure 8. CHU, 7.335
Mc, 1424 EST.

Photographs of time-signal displays
on Type 1109-A Comparison Oscillo-
scope, at Cambridge, Mass., Decem-
ber 19, 1957. Receiver was the Type
1106-B Frequency Transfer Unit ex-
cept for Figure 6 where Frequency
Transfer Unit supplied heterodyning
frequency for SP-600-JX receiver.
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Figure 9. Diagram of dis-
play during ""on" period
of time signal from CHU
(Dominion Observatory,
Ottawa,Canada),showing
10equally spacedintervals
of 1 millisecond each, cor-
responding to the modu-
lationfrequency of 1000~
(100~ scope sweep
frequency). Microdial
switched OFF.The phasing
shown here is arbitrary.

Calibrated Scale on Oscilloscope

A useful addition to the Typr 1109-A
Comparison Oscilloscope is a calibrated
scale engraved on a sheet of transparent
plastic material, which is placed next to
the face of the oscilloscope tube. This
scale, shown in Figure 10, has 10 equi-
angular divisions and a complete circle,
which is used as a target on which to
align the circular sweep.

Jach tenth of the circular sweep circle
represents one actual millisecond of
time as counted off by the frequency
standard, so that this scale can be used
directly as a millisecond vernier scale to
read between the 10-millisecond cali-
bration points on the Microdial. Since
the sweep voltage is not adjustable in
phase for synchronism with the cali-
brated divisions of the Microdial, an ar-
bitrary zero point must be established.
Use of Selective Filters

When electrical noise and interference
are heavy, the use of selective filters may
improve the signal-to-noise ratio. Filters
can also be used to select the time-signal
component of the WWV transmission
during transmission of the standard
audio tone signals. In each case, it is
essential to determine the time-delay
introduced by the use of the filter in
order to be able to remove the additional
error from this source. This problem is
important mainly in the establishment

Figure 10. Diagram of transparent scale used on Type
1109-A Comparison Oscilloscope.

JUNE, 1958

of accurate time for time-of-occurrence
measurements, since the time-delay of a
given filter would subtract out in a time-
interval measurement such as is used in
frequency standardization.

The circular-sweep oscilloscope dis-
play provides a simple means for check-
ing the filter time-delay. If the time sig-
nals can be received without the filter,
then a quick check of the display time
with and without the filter switched into
the circuit gives the desired delay-time
calibration directly.

For example, the crystal filter of the
SP-600-JX receiver in use in our fre-
quency standard room appears to in-
troduce approximately 0.5 millisecond
delay when the selectivity is switched
from 3 ke (xtal out) to 1.5 ke (xtal in).
This erystal filter can be used to sup-
press the single-sideband tone trans-
mission of WWYV | leaving the time sig-
nals in the clear during the entire five-
minute period.

The use of a selective audio filter
ahead of the Microdial contactor may
result in some noise-pulse-induced ring-
ing of the filter. This condition is im-
proved slightly by placemeént of the
audio filter in the circuit following the
Microdial contactor, since the number
of large noise pulses coming through the
open ‘“gate” is less than the total num-
ber of noise pulses ahead of the “gate.”
Discussion of Results of Use of This
Method of Calibration

The dial readings of the Microdial
can be estimated to 0.1 division of the
dial. The accuracy of the estimate de-

10 LINES EQUALLY
PACED (36° APART)

LINES AND CIRCLE—___

APPROX. | /64 WIDE

TRANSPARENT PLASTIC
SCALE. TO FIT 1109-A
COMPARISON
OSCILLOSCOPE

1/16" PLEXIGLAS
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pends upon the use of a standard direc-
tion of approach to the setting point and
the use of the vernier scale provided by
the oscilloscope as deseribed above. In
general, the dial readings made by this
method have exhibited a consistency of
better than + 1 millisecond. This degree
of reliability is adequate, since the time
signals show a propagation-caused vari-
ation sometimes as great as + 1 milli-
second. In general, the stability of the
arrival time of the time signals is better
than =+ 0.3 millisecond.

Over the past few months, calibration
of the General Radio working frequency
standard has been carried out by this
method with a precision entirely ade-
quate for precise frequency measurement
of & 1 x 10-* without correction for the
variations in the transmission time of
the time signals. By taking account of
the corrections provided by the U. S.
Naval Observatory, Washington, D. C.,
it is possible to improve this figure. In
any case, this calibration method pro-
vides a local time standard, independent
of radio propagation conditions, with a
simple, accurate, checking method for
use when radio propagation conditions
are favorable, to allow direct calibration
by comparison with externally available
standard time signals.

An “Emergency’ Method

The display method described above
assumes possession of a complete Typre
1100-AP Primary Frequency Standard
with Type 1105-A Frequency Measur-
ing Equipment Assembly. When only
the Type 1100-AP Primary Frequency
Standard is available, an oscilloscopie

5 CYCLES OF IKc
(TIME PULSE
FROM wwv)

{

W60~ CYCLE ELLIPSE

MICRODIAL CONTACTOR
CLOSING TIME

\

\SO-CVCLE ELLIPSE
Figure 11. Diagram of oscilloscope display on con-
tional oscill pe, showing 3-millisecond inter-
val of modulated pulse between ""nose’’ of pulse and
closing of contactor.

display can be made, independent of the
circular sweep, by a setting of the Mi-
crodial to chop off the required part of
the time signals as shown on a conven-
tional oscilloscope with, for example, a
60-cycle sine-wave sweep on the hori-
zontal plates and a small amount of
60-cycle sine wave added to the vertical
deflection signal along with the time-
signal input. The “nose” of the time
pulse will then be visible, as it is on the
circular sweep display with standard
sweep rate, the difference being that
there is no accurate vernier ‘“‘gain-or-
loss of time” scale on the scope. The
modulated time signals from WWYV and
CHU permit easier use of this display
than do the c-w pulse type of signals.
A sketeh of an oscilloscope display of
this “emergency” display method is
shown in Figure 11.
— Frank D. Lewis

General Radio Company
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Measuring typewriter
noise with the General
Radio Impact Noise Ana-
lyzer. See article on page
10.
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NEW STANDARD FREQUENCY MULTIPLIERS

The Type 1112 Standard Frequency
Multipliers provide sine-wave signals of
1, 10, 100, and 1000 megacycles when
driven from a 100-kilocycle source. Thus
they greatly extend the useful range of
conventional crystal-controlled fre-
quency standards, such as the General
Radio Type 1100-A, and facilitate ac-
curate measurement of microwave fre-
quencies. These multipliers are charac-
terized by low noise and by almost com-
plete freedom from submultiple-fre-
quency spurious signals. In addition,
the phase stability of the output signal
at each desired carrier frequency is
maintained at a high value instead of
being rapidly degraded as it may be in
some conventional multiplier circuits.

The multiplier chain consists of two
units, the first providing 20 milliwatts
at 1, 10, and 100 megacycles from three
phase-locked quartz-crystal oscillators;
the second, 50 milliwatts at 1000 mega-
cycles from a phase-locked klystron os-
cillator. The input to the first unit,
Type 1112-A, is normally 100 kilocycles,
but alternatively, 1, 2.5, or 5 mega-
cycles can be used. The second unit,
Type 1112-B, is driven from the 100-
megacycle output of the first unit. The

Figure 1. Panel view

of Type 1112-A Stand-

ard Frequency Mul-
tiplier.

input frequency can vary a few parts in
10° from the nominal value without loss
of control. The multiplier stages can be
manually detuned on either side of the
nominal standard frequency by an ad-
ditional few parts per million if de-
sired, provided that the operation of the
multiplier is carefully monitored to pre-
vent improper operation. Figures 1 and
2 are panel views of the two units.

Principle of Operation

The underlying principle on which
the phase-stability and noise-reduction
properties of these multipliers are based
is the use of a narrow-band filter to
select only the desired output harmonic
at each output frequency. The filters
used at the three lowest frequencies are
quartz crystals since they afford the
highest possible Q, and hence narrowest
bandwidth, in this frequency range. In
order to maintain these crystal filters
at the correct resonant frequency to
pass the desired harmonic, each crystal
is incorporated in an oscillator circuit
whose frequency is phase locked to the
desired harmonic frequency by an auto-
matic-phase-control loop

1When 2.5 Me or 5-Me input is used, the 1-Mec output
cannot be used.
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At the 1000-Mc output frequency, a
phase-locked klystron oscillator is used
as a selective filter to eliminate un-
wanted harmonics of the control fre-
quency, thus operating in much the
same manner as the locked crystal os-
cillators at lower frequencies. Since,
however, the Q of the klystron resonator
is not extraordinarily high, the phase
modulation noise inherent in klystrons
is reduced by means of negative feed-
back. The automatic-phase-control loop
for the 1000-Mec klystron feeds back
phase noise over a wide frequency band
to reduce phase instability, the reference
standard in this case being taken as the
multiplied harmonic of the erystal-con-
trolled 100-Me driving signal.

Block Diagrams of Multiplier Units

The operation of the multiplier chain
units can be understood easily with the
aid of the block diagrams of Figure 3
(Type 1112-A) and Figure 4 (Tyee
1112-B).

The Type 1112-A Standard Frequency
Multiplier receives a driving signal from
the 100-ke frequency standard and mul-
tiplies it to 1000 ke. The signal from the
1000-ke crystal oscillator is then com-

Figure 2. Panel view

of Type 1112-B Stand-

ard Frequency Mul-
tiplier.

pared with the 1000-ke multiplied signal
in a tuned, balanced, phase detector.
The output signal from the phase de-
tector is a d-c¢ control voltage, which is
applied to the grid of a reactance tube
connected to the crystal-oscillator cir-
cuit. When the ecrystal-oscillator fre-
quency is adjusted close to the frequency
of the 1-Mc harmonic of the standard
frequency, the phase-detector signal
drives the reactance tube to the proper
value of reactance to synchronize the
crystal frequency exactly to that of the
standard-frequency harmonic.

A small residual phase error remains,
but, as long as the crystal-oscillator fre-
quency is within the lock-in range of
the system, the crystal oscillator stays
locked directly at the harmonic fre-
quency of the standard. The phase error
provides the controlling voltage which
holds the crystal oscillator in lock, or,
putting it in different terms, the servo
loop is closed with a small static error.
If the crystal tends to drift, the phase
error changes, and the change in the
controlling voltage readjusts the react-
ance tube to hold the phase error to a
minimum. Since the crystal has a high Q,
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the instantaneous phase stability of the
crystal oscillator is high, and the locked
oscillator then has good short-term
stability, while its long-term stability
is identical with that of the frequency
standard used as the driving source.

If the servo circuit, including the
reactance tube, phase detector, and ref-
erence harmonic generator, introduces
noise into the reactance-tube grid cir-
cuit, frequency- or phase-modulation
noise can be generated in the crystal-
oscillator signal. The bandwidth of the
feedback signal is kept narrow to mini-
mize this noise. Thus a clean, crystal-
controlled signal is available at the exact
harmonic frequency desired.

In Figure 3, the functional diagram
of the 10-Mec and 100-Me stages is essen-
tially identical with that of the 1-Me
stage. There are only minor differences
in the circuits to take care of the dif-
ferent operating conditions at the dif-
ferent frequencies. A balanced phase
detector is used at 10 Mec, but an unbal-
anced phase detector is used at 100 Mc
to simplify the circuit. The 100-Mc
crystal-oscillator circuit uses a fifth-
overtone-mode ecrystal, and requires
circuit refinements to insure stable op-
eration at the fifth overtone.

The Type 1112-B Standard Frequency
Multiplier provides output at 1000 Mec
from a locked klystron oscillator. In

T
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Figure 4. Block diagram of Type 1112-B Standard
Frequency Multiplier, 100 to 1000 Mc.

order to prevent unnecessary conversion
of amplitude-modulation noise to fre-
quency modulation, several departures
from the straightforward arrangement
of the lower frequency stages are in-
corporated.

The frequency multiplication is ob-
tained by multiplying 3 x 3 and adding 1
in order to obtain 10 times the input
frequency. This circuit arrangement
permits the use of small receiving-type
vacuum tubes up to the 1000-Me stages
and makes possible the introduction of
a limiter to insure a constant drive level
for the phase detector.

The reflex klystron has a built-in
“reactance tube” in its repeller, which
allows the operating frequency and
phase to be adjusted by variation of the
repeller voltage. A d-¢ amplifier is in-

corporated in the repeller
circuit to isolate the phase
detector from the repeller
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and to provide desirable stiffness in the
phase lock.

A pencil-triode, grounded-grid, buffer
amplifier is used to raise the output
power level and to protect the control
circuit from outside signal disturbances
originating in the external measuring
equipment to which the output signal
is being supplied. The use of a plug-in
external-resonator klystron and a pencil-
tube amplifier in the 1000-Mc stages
keeps tube replacement cost down. D-C
heater power is supplied by a rectifier
to the klystron to reduce hum modula-
tion, and regulated plate supplies are
used throughout.

Performance

Output power from each of the ampli-
fiers at 1, 10, and 100 Mec is a maximum
of 20 mw into a 50-ohm load. At 1000
Mec a maximum of 50 mw is available
into 50 ohms.

The spurious signals at harmoniecs of
the lower-frequency control signals are
all at least 100 db below the desired
output signal, except for higher har-
monies of the desired signal. This means
that a signal at 1000 Me, for example,
is not accompanied by a family of 100-ke
or 1-Mec sidebands, unless they are spe-
cifically added by external mixing. For
many measurements, such as marker
generation applications, this feature
alone is a great time saver and sometimes
makes the difference between a practical

measurement setup and an impractical
one. The power levels directly available
are adequate for a large percentage of
measurement applications. The phase
jitter, or phase-modulation noise, is low,
being equivalent to that of a free-run-
ning erystal oscillator at 1, 10, and 100
Me. The output signal at 1000 Mec ap-
pears to have the same stability as the
crystal-controlled harmonic of the 100-
Me control signal supplied at the input
connection. The amplitude modulation
of the output signals is likewise low, as
a result of the electronically regulated
power supplies and the use of high-Q
tuned circuits for the oscillator stages.
Design Features

The Type 1112-A Standard Frequency
Multiplier consists of three sections, each
of which receives a driving frequency
and emits an output signal at a harmonie
of this input frequency. A rear view of
this instrument, Figure 5, shows the
manner in which the circuits are con-
structed. The three multiplier sections
are arranged in three horizontal rows
of shielded compartments. The top row
receives the input signal at 100 ke and
supplies an output signal at 1000 ke.
The center row gives 10-Mec output, and
the bottom row 100 Mec. The input con-
nection is normally attached to the input
amplifier in the top row, at the upper
right-hand corner, but may be moved to
the input amplifier of the second row at
the left side for operation with input
signals of 1, 2.5, or 5 Mec. A test meter is
mounted on the rear of the instrument,
and a series of switches is provided for
energizing either the harmonic multiplier
or crystal oscillator, or both at once, in

Figure 5. Rear view of Type 1112-A Standard Fre-
quency Multiplier showing arrangement of stages in
three horizontal rows.
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Figure 6. View of Type
1112-A Standard Fre-
quency Multiplier with
chassis assembly
swung open for main-
fenance, covers re-
moved from 1 to 10-
Mc multiplier stages.

each row. These switches are visible at
the left side of the rear view. The entire
assembly swings out on hinges to allow
access to the components in each com-
partment (Figure 6). The meters on the
front panel are permanently connected
in one side of the balanced phase-detec-
tor circuits for monitoring operating
level and for indicating loss of lock.

The Type 1112-B Standard Frequency
Multiplier is constructed with vertical
chassis mounting of the power supply
components and control circuit elements,
the klystron and associated buffer ampli-
fier being mounted in a removable sub-
assembly or “r-f head.” A rear view of
this instrument, with the shielding par-
tially removed, is shown in Figure 7.
The r-f head in the center of the unit

Figure 7. Rear view of Type 1112-B Standard Fre-
quency Multiplier showing vertical chassis construc-
tion and r-f head (center).

is removable to facilitate replacement
of the r-f amplifier tube and to allow
easy replacement of other tubes in the
side-mounted chassis assemblies. A view
of the r-f head, with the cover plate
of the amplifier removed, shows the
grounded grid amplifier using a pencil
triode (Figure 8). This view also shows
the detuning “button” for introducing
a small deviation in the frequency of
the klystron resonator to check for lock-
ing of the oscillator. It is also possible to
mount this r-f head assembly on an ex-
ternal ‘“‘storage” resonator to improve
the effective Q) of the klystron resonator,
if such an application is ever considered
necessary.
Applications

Two separate and distinet applica-
tions have been kept in mind during the
development of this equipment. The
first, and most obvious, is the genera-
tion of stable, low-noise, microwave,
standard frequencies free from un-
wanted sideband frequencies, which are
often present in multiplier chains of
more conventional design. However, in
order to generate the desired marker
frequencies or microwave standard fre-
quencies for various measurement pur-
poses, it is sometimes necessary to mix
or add signals of different frequencies.
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Figure 8. R-F head of Type 1112-B Standard
Frequency Multiplier showing klystron in-
stalled in resonator (below) and grounded-
grid 1000-Mc amplifier with cover removed.

The output circuits of the 1-, 10-, and TYPE B = ———
100-Mec stages of the Tyepe 1112-A MILTPLER | AMeLIPER
Standard Frequency Multiplier contain F SRR } '
coupling networks that allow all three crvstac oioge (T i3
of these circuits to be connected in WAVEGUIDE

parallel without short circuiting each S T

other. This arrangement is indicated in RFC 2‘“‘ :
Figure 9, which also indicates a possible i v

method of adding the 1000-Mec signal a7 eals
from the Typre 1112-B Standard Fre-
quency Multiplier. Another, and per-
haps better, method of adding the 1000-
Me signal is indicated in Figure 10. In 100 M
this arrangement, the signal from the

s h o Figure 9. Schematic diagram showing parallel con- '
low-frequency unit is added to that from  pection of 1, 10, and 100-Mc output circuits for appli-
the high_fr(\(lu(\ncv unit’ in a tee the cation to generation of microwave harmonics. The

. e ot ¥ =X 100-Mc signal is fed in separately.

branches being isolated by mismatching.
A line stretcher in each branch allows
adjustment of the mismatch for maxi-
mum isolation. By use of these parallel-
ing schemes, it is possible to generate a

_-TYPE Il112A
F01- 100 Me
| MuLTIPLIER

lators for stability measurements. For
example, a pair of 100-ke oscillators may
be compared at 100 Me, the frequency
variations between them being then

rker frequency or harmonic series e ; :
T 1\9 if i ; a;? tcl oW of multiplied by 1000. A frequency differ-

rker frequencies at will in the mier A 8
e € MICrO= ance of one part in 108, for mstance,

vave system. For some applications, ad- .
wave system. F L ? would appear as a one-cycle difference

ditional power will be (.lf‘swal)le, h.ut‘for st 100 megacycles, which is easily meas-
many uses the output of the multipliers urablo

will be adequate directly.
The second application is in the inter-

o Iy = 100Ke

comparison of standard-frequency oscil- =

— Frank D. Lewis

| TveE m2-a |
1Mc 10Mc 100Me

T une stretouer
(TYPE B74-LA or LK)

]
Figure 10. Arrangement for paralleling output signals . ‘%UETE'E“E aan

|
|
l—.. TYPE 1112-8

of Type 1112-A and Type 1112-B Standard Frequency o
Muiltipliers using coaxial-line adding network. Bt e sTRETCRER, 0 40 0w
ﬁ"}’ (ALSO 1,10, 100)

P

SET L, TO ODD QUARTER WAVELENGTH @ |000Mc
SET L, 7O ODD QUARTER WAVELENGTH @ 100Mc
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SPECIFICATIONS

TYPE 1112-A STANDARD FREQUENCY MULTIPLIER

Input: 1 volt, 100-ke sine wave from standard-
frequency oscillator. Can also be driven at in-
put frequencies of 1, 2.5, and 5 Me. Will run
free with no input signal, but absolute fre-
quency will be in error by several parts per
million unless standardized.

Output: Four channels; one each of 1 Mec and
10 Me, and two of 100 Me; all sine wave; all 50
ohms; 20 milliwatts, max., into 50 ohms.
Terminals: Typre 874 Coaxial Connectors; adap-
tors are available to fit all commonly used con-
nector types. See Experimenter for March, 1958.
Power Supply: 105 to 125 (or 210 to 250) volts 50
to 60 cycles, 100 watts. Power input reccpmcle

3-wire (Type CAP-15) power cord. Type CAP-
35 2-wire cord is furnished. Type CAP-15 3-
wire cord can be pure ha,sed separately at $2.25.
Mounting and Di elay-rack panel,
19 x 1214 inches; over-all (lvpLh 1115 inches.
Net Weight: 25 pounds.

TYPE 1112-B STANDARD FREQUENCY MULTIPLIER
Input: 20 milliwatts, 100 Me, sine wave from
Type 1112-A Standard-Frequency Multiplier;
50-ohm input impedance.
Output: 1000-Me sine wave; 50 mw into 50-ohm
load; 50-ohm output impedance.
Net Weight: 35 pounds.

Other specifications are identical with those

will accept either 2-wire (Type CAP-35) or for Tyee 1112-A, above.
Type Code Word Price
1112-A l Standard Frequency Multiplier. ... ............. EPOCH $1450.00
1112-B Standard Frequency Multiplier. .. .............. ‘ EPODE | 1360.00

TYPE 1214-D UNIT OSCILLATOR

The Type 1214-AS2 Unit Oscillator,
which has been supplied for use with
the Type 1611-B Capacitance Test
Bridge! in the measurement of elec-
trolytic capacitors at 120 cycles, has
now been given the type number 1214-D.
Specifications, which were originally
published in the August, 1956, issue of
the Experimenter, remain unchanged,
and are reprinted below.

1*“Capacitance Test Bridge.” General Radio Experimenter,

32, 9, February, 1958, pp. 6-8.

SPECIFICATIONS

Frequency: 120 cycles =29.

Output Impedance: Four impedances to match
the impedance of the Typre 1611-B Capaci-
tance Test Bridge at four multiplier positions.
Output: At least 2000 mw into matched load.
Distortion: Less than 39 into a matched load.
Terminals: The ()utput tormmah are jack-top
binding posts with standard ?4-inch spacing; a
ground terminal is provided, adjacent to one of
the output terminals. Jack is provided for con-
necting external oscillator.

Power Supply: Unlike most instruments of the
Unit line, the power supply is built into the
instrument; 115 volts, 40-60 cycles; power con-
sumption is about 16 watts.

Type

Accessories Supplied: Spare fuses; the power cord
is integral with the unit.

Tube: One 117N7-GT, which is supplied with
the instrument.

Mountiag: Aluminum panel and sides finished in

black-crackle lacquer. Aluminum dust cover
finished in clear lacquer. Relay-rack adaptor
panel available.

Dimensions: (Height) 534 x (width) 5 x (depth)
614 inches, over-all, not including power-line
connector cord. Net Weight: 415 pounds.

Code Word Price

1214-D V

T O e S e

ABBOT | $100.00
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SHORT DECAY-TIME IMPACT-NOISE
MEASUREMENT

Perhaps the greatest causes of noise in
offices (other than people) are typewrit-
ers, calculators, and other business ma-
chines. Aware of this, Underwood Cor-
poration’s General Research Laboratory
in Hartford, Connecticut, has, for over
twenty years, carried on a program of
measurement and interpretation of busi-
ness-machine noises.

Noise from a typewriter is made up
of a series of short-duration bursts of
sound. Continuous spectrum and band-
spectrum analyzers are not suited to the
measurement of these extremely short
impact noises. The General Radio Typg
1556-A Noise Analyzer, however, has
been designed specifically to measure
this type of noise.

The decay times of the impact noises
from typewriters are very short, and,
consequently, the Underwood Corpora-
tion found it convenient to modify the
Impact-Noise Analyzer to have lower
time constants for the time-averaging
circuit.

The modification for short decay-time

measurement is easily accomplished.

The time constant of the analyzer is
determined by an R-C circuit whose
series resistance is set with the analyzer’s

TIME CONSTANT switch. Any one

Figure 1. Setup used by Underwood for noise anal-

yses of their ‘“Golden Touch” typewriters. The

transients are picked up by the suspended micro-

phone, amplified by the Type 1551-A Sound-Level

Meter, and then fed into the Type 1556-A Impact-
Noise Analyzer.

of seven different resistances can be se-
lected to provide charging times from
2 milliseconds to 0.2 second. The recom-
mended modification procedure is to
change the capacitive element to a lower
value. For example, if this capacitance
is halved, all the time constants of the
circuit are divided by 2, or if the value
is reduced by a factor of 5, the time con-
stants are then divided by 5.

Figure 1 shows an over-all view of the
measuring setup used at the General
Research Laboratories of the Under-
wood Corporation. The ease and rapid-
ity of measurement possible with the
Type 1556-A Impact-Noise Analyzer
permitted extensive investigation into
the nature of impact noises. Measure-

Figure 2. Oscillogram of typical typewriter noise.
First impact occurs when bor strikes the platen —
peak value is approximately 115 db and lasts about
3 milliseconds. A second peak occurs some 50 msec
later when type bar returns to its rest position.
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ments could be made quickly and con-
veniently to ascertain the effects of vari-
ous typewriter modifications. No elabo-
rate test equipment other than the
Impact-Noise Analyzer and the Sound-
Level Meter were required for prelimi-
nary measurements. Oscilloscopes, tape
recorders, and other test equipment were

JuLY, 1958

necessary only when detailed investiga-
tions were required ,(Figure 2).

Underwood Corporation found the
Impact-Noise Analyzer well suited to
their measurement needs and, with its
help, were able to make their “Golden
Touch” typewriter the quietest that
they have ever built.

VARIAC" USED IN THE JETCAL ANALYZER
AND TESTER

In jet aircraft, exhaust-gas tempera-
ture and engine speed are vital to best
engine life, efficiency, and safe operation.
Engime temperature and engine speed
must be maintained within close limits
and be indicated accurately on the pilot’s
cockpit instruments during flight. To
test and to calibrate the systems that
measure and indicate these quantities,
the B & H Instrument Company of
Fort Worth have developed the Jetcal
Analyzer and Tester.

The Jeteal is a rugged, portable in-
strument, which contains various check
circuits, potentiometer, temperature
regulator, meters, switches, and the
necessary probes, cables, and adaptors
for performing all tests. For convenient
movement from one aireraft to another
along a flight line, the Jetcal has wheels,
adjustable handle, and support post.

Unique features of the Jeteal are:
(1) It is a precision instrument of labora-
tory accuracy that is taken to the air-
craft, performing its functions anywhere

Figure 1. View of the Jetcal Analyzer and Tester.
Wheels and handle permit the instrument to be moved
conveniently to the aircraft to be tested.

the aireraft is parked; (2) the Jeteal
test system is isolated from the aircraft’s
system and thus provides means for
checking and ecalibrating engines and
cockpit instruments free of errors or
limitations in the aircraft systems.

The Jetcal is used to determine the
accuracy of the aireraft exhaust gas
temperature system without the engine
running and to read engine speed accu-
rately during engine run-up. In checking
the EGT the Jetcal heater
probes apply precisely measured heat
to thermocouples in the engine tail pipe.

The Type V-20 Variac® Autotrans-
former is an important component of
every Jetcal Analyzer and Tester —
the Variac is the Jetcal’s temperature
regulator. It controls the temperature of

system,
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resistance heaters in the heater probes,
which apply accurately measured heat
to jet engine thermocouples (or to other
thermal systems).

Depending upon line voltage avail-
able, the Variac will vary the tempera-
ture of the Jetcal’'s wire-wound resist-
ance heaters from 0 to approximately
900 degrees centigrade.

The Jetcal operates on any 95-to-135
volt, 50-400 cycle, AC power supply, in
temperatures of -54° C. (-65° F.) to
71° C. (160° F.).

Since the aireraft exhaust gas tem-
perature system is functionally checked
without the engine running, the Jetcal
achieves important savings — savings
of fuel, savings of maintenance man-
hours, savings of engine operating life.
Here’s just one example of savings:
Prior to Jetcal, one major aireraft manu-
facturer had to make an average of
three flights — at an average $752.57
per hour — to check a jet plane’s cock-
pit indicator of tail pipe temperature.
With the Jeteal, the EGT system is
-alibrated to within £ 4° C.; without
flight or engine running.

If test by Jetcal shows that an en-
gine’s EGT system is not functioning
within allowed tolerance, the Jetcal will

Figure 2. View of interior of Jetcal, showing the
Type V-20 Variac ™ Autotransformer in position.

trouble-shoot and isolate errors in the
system — still without the engine run-
ning.

The Variac was selected for the Jeteal
by B & H design engineers because it
fully meets B & H standards to assure
reliability and durability in sustained
field use.

Jeteals, with Variacs and other high-
est quality have been
proved in world-wide operational use.
More than 3600 Jetcals are being used
by the United States Air Force, Army
and Navy, the NATO forces, jet engine
and aireraft manufacturers, and airlines.

('()mp()m‘nfs,

The August and September numbers of the Experimenter will be combined in
a single issue, to be published about September 1.

General Radio Company

oRINTE
I~ L

usa

File Courtesy of GRWiki.org



Exp erimenter

VOLUME 32 Nos. 15&16 AUGUST-SEPTEMBER, 1958

Photo courtesy The Foxboro Company




COVER

The Type 1603-A Z-Y
Bridge will balance for any
impedance, real or imag-
inary, positive or negative,
over the entire audio-fre-
quency range. This photo-
graph shows the bridge in
use in the Electronic Design
Department of The Foxboro
Company, makers of Dyna-
log self-balancing recorders,
to measure impedance char-
acteristics of a "Dyna-
poise Drive,” self-balanc-
ing recorder element.

t}ég GENERAL RADIO
Xperimenter

Published Monthly by the General Radio Company
VOLUME 32 + NUMBERS 15& 16 AUGUST-SEPTEMBER, 1958

CONTENTS
Page
The Type W20—A New 20-Ampere Variac® Autotrans-

BORIOT w5 s koot Midvin & AiwiA(S S AR 6% 4 a B # AR aTots
Type 1201-B Unit Variable Power Supply...........
Equipment Leasing. . ......
Exhibit Caloneats . .« &« viov 5o oinieinis inisisiensis o/ia sis ss o

ONOW

The General Radio EXPERIMENTER is mailed without charge
each month to engineers, scientists, technicians, and others
interested in electronic techniques in measurement. When
sending requests for subscriptions and address-change
notices, please supply the following information: name,
company address, type of business company is engaged in,
and title or position of individual.

GENERAL RADIO COMPANY

275 Massachusetts Avenue, Cambridge 39, Mass.
Telephone: TRowbridge 6-4400

NEW YORK: Broad Avenue at Linden, Ridgefield, New Jersey

Telephone — N. Y., WOrth 4-2722
N. J., WHitney 3-3140

CHICAGO: 6605 West North Avenue, Oak Park, lllinois
Telephone — Vlllage 8-9400

PHILADELPHIA: 1150 York Road, Abington, Pennsylvania
Telephone — HAncock 4-7 419

WASHINGTON: 8055 13th St., Silver Spring, Maryland

Telephone — JUniper 5-1088

1000 North Seward St., Los Angeles 38, Calif.

Telephone — HOllywood 9-6201

SAN FRANCISCO: 1182 Los Altos Ave., Los Altos, Calif.
Telephone — WHitecliff 8-8233

LOS ANGELES:

CANADA: 99 Floral Parkway, Toronto 15, Ontario
Telephone — CHerry 6-2171
REPAIR SERVICES
EAST COAST: General Radio Co., Service Dept., 22 Baker Avenue,
West Concord, Mass.
Telephone — Concord, EMerson 9-4400
Lincoln, Clearwater 9-8900
MIDWEST: General Radio Co., Service Dept., 6605 West North
Ave., Oak Park, lllinois
Telephone — Vlllage 8-9400
WEST COAST: Western Instrument Co., 826 North Victory Boule-
vard, Burbank, Calif.
Telephone — Vlctoria 9-3013
CANADA: Bayly Engineering, Ltd., First St., Ajax, Ontario

Telephone — Toronto EMpire 8-6866

File Courtesy of GRWiki.org




AUGUST-SEPTEMBER, 1958

THE TYPE W20— A NEW
20-AMPERE VARIAC® AUTOTRANSFORMER

Variacs, unlike automobiles, are not
restyled each year to meet the whims,
real or fancied, of hypothetical pur-
chasers. Their design is the result of

long-term, frequently reviewed plan-
ning, the purpose of which is to supply
the best possible continuously adjust-
able autotransformers for today’s dollar.
Barring radical improvements in eco-
nomically justifiable core material or
a competitively priced superconductor,
Variacs closely approach the optimum
design criteria.

The design features of W-model Vari-
acs, already proved in the W2, W5, and
W50 sizes, have now been incorporated

in the new Type W20 series. These
features, which were discussed in a

m . 1 7
previous article, make the W-model
Variac” a more rugged, more adaptable,
and more durable device than its prede-
Cessors.

You will find wrought metallic parts
substituted for castings in the interest of
1"The Type W5 Variac® — A New and Better Variable

Autotransformer,"” General Radio Ezxperimenter, 30, 7,
December, 1955.

Figure 2. Type W20M, with case.

Figure 1. Uncased, 115-volt model, Type W20.

improved mechanical properties. Heat
transfer between coil and base, brush
and radiator has been improved. Ball-
bearing models for motor-drive and
other demanding applications are stock
items. Totally enclosed and portable
models are included in the new line.

All W20 models have Duratrak con-
tact surface, developed by General
Radio, which minimizes brush-track de-
terioration under adverse environmental
or load conditions and assures long and
trouble-free life.

Basic Uncased Models — Types W20,
W20H

The two uncased models, Tyre W20
for 115-volt service and Type W20H for
230-volt service, are normally used for
back-of-panel mounting on switchboards
or built into electrical equipment, as
shown in Figure 1, but, when the shaft

B b A
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is extended on the winding side rather
than the base plate side and the dial
attached to the knob, they can also be
used on a bench or table. This arrange-
ment, however, affords no protection
against electric shock or against ac-
cidental damage to the Variac from
abrasion.

Cased Models — Types W20M,
W20MH

These models, each consisting of a
basic Type W20 or W20H Variac®
mounted in an aluminum case, are fin-
ished in attractive gray enamel. For
conduit or armored cable, cases are pro-
vided with four knockouts, two on the
and one on each side. There is
ample space inside the case for wiring.
The front half of the case is easily re-
movable for access to terminals, mount-
ing holes, and brush. These models are
easy to install —on wall, on bench, or
behind panel.

end

Portable Models — Types W20MT3,
W20HMT3

The portable models include, in ad-
dition to the case, a 3-wire output re-
ceptacle, an on-off switch and an over-

Figure 3. Portable model, Type W20MT3, with case,
overload breaker, 3-wire output receptacle, and
heavy-duty cord and plug.

load circuit breaker, which trips on
either excessive current or excessively-
high prolonged operating temperature.
Heavy-duty, 3-wire cord and plug are
permanently attached.

GENERAL SPECIFICATIONS

Frequency: Specifications are for 50- to 60-
cycle service. Variacs can be operated at rated
current and voltage at line frequencies from 50
to 400 cycles.

Rated Current can be drawn from the Variac at
any dial position. When the overvoltage con-
nection is used, the load should not take more
than rated current at maximum output voltage.
Maximum Current can be drawn at the input
line voltage when the line-voltage connection
is used. At any lower setting the Variac will
control a constant-impedance load drawing no
more than the maximum current at line voltage.
Output Voltage is the range of voltage available
at the output terminals with rated input voltage.
Dials: Portable models (MT3, HMT3) are
wired for overvoltage connections and have cor-
responding dial scales but can be supplied on
special order with line-voltage connections and

dials.

Dial plates for all other models are reversible,

with line-voltage scale on one face and over-
voltage on the other. Angle of rotation is
approximately 320 degrees.
Line-Voltage or Overvoltage Output Connections:
“Line-Voltage Connection’ refers to the con-
nection for output voltage range of zero to line
voltage. “Overvoltage Connection” refers to
the connection for output voltage range of zero
to 179, above line voltage.

KVA Rating is the maximum current multiplied
by normal input line voltage. A Variac can
handle, at any lower setting, a constant-im-
pedance load that draws at rated input volt-
age a current no greater than the maximum
current.

Temperature Rise: Variac ratings are based on
operation at ordinary room temperatures, with
an average temperature rise of not more than
50°C. When ambient temperature exceeds
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50°C., kva ratings should be decreased as
shown in the chart, Figure 6.

No-Load Loss: 27 watts at 60 cycles with rated
input voltage. Losses are guaranteed not to
exceed this value.

Driving Torque is the torque required to turn
the Variac shaft: 55 to 110 ounce inches for
single units.

AUGUST-SEPTEMBER, 1958

Panel Thickness is the maximum thickness of
the panel on which the Variac can be mounted,
with the shaft normally supplied: 15/32 inch.
Dimensions: Uncased model, base 7Y% x 7Y%
inches, depth behind panel 434 inches; case
dimensions, (width) 834 x (height) 113{¢ x
(depth) 53% inches.

Weight: See individual specifications.

Line-Voltage Overvoltage
Connection Connection
%L §. = b~
- ~§ "é 5
§ Q: ‘ - 9 (=] . - = - 1 Ks _g S
g § 32|38 35 s& E= |2z mEE R 9 3
SRS S8 |3F 33 SF 3> | 5% 33E( 38 K y -
5N S |8< S8 S< SN | SE &Sw|i=a S &
w20 115 | 20 [0-115| 26 | 3.0 [0-135| 20 | 2134 FEDAL $45.00
Uncased
W20M 115 20 |(0-115| 26 3.0 |0-135 ‘ 20 | 2415 FEDER 58.00
With case
W20MT3 115 0-135| 20 | 2815 FEDOM 87.00
Portable
W20H 230 8 [0-230( 10.4 | 2.4 |0-270 8 | 204 MEPAL 47.00
Unecased 115 4 0-270 4
W20HM 230 8 |0-230| 10.4 | 2.4 |0-270 8 l 23%% MEPER 60.00
With case | 115 4 0-270 4
W20HMT3 230 0-270 | 8 l 27 MEPOM 85.00
Portable

BALL BEARINGS

All W20-model Variacs can be sup-
plied with ball bearings. When order-
ing, add the suffix BB to the type
number and add to the price the

amount shown in the following table:

Model Surcharge for Ball Bearings

Single $8.00
2-gang 10.00
3-gang 12.00

Type W20 and Type W20H Variacs are approved by the Underwriters’ Laboratories

GANGED MODELS

2- and 3-gang assemblies of W20-model Variacs are available either uncased or with cases.

np
Load Rating KV A I,fi’;;'
Type Parallel Series Delta 'Y  Volts Code Word Price
W20G2  |2-gang Type W20...... | 6 | | 115 |FEDALGANDU|  $100.00
\ [ ‘
L6 ’ 230 |
| 5:2 | 115 |
W20G2M  |2-gang W20 with case. Same as Tyre W20G2 FEDALBONDU 125.00
W20G3  3-gang Type W20...... 9 ‘ | 115 |FEDALGANTY 147.00
‘ | 10.4 | 230
W20G3M  3-gang W20 with case. Same as Tyre W20G3 FEDALBONTY 175.00
W20HG2 2-gang Type W20H.... 4.8 | | 230 |MEPALGANDU 104.00
4.8 | | 460
| 4.2 | 230
W20HG2M 2-gang W20HM....... Same as Tyre W20HG2 MEPALBONDU 129.00
W20HG3  3-gang Type W20H.... 7.2 | J | 230 |MEPALGANTY 153.00
8.3 | 460 |
W20HG3M |3-gang W20H with case Same as Tyre W20HG3 ‘MEPALBONTYE 181.00
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Figure 4. Uncased three-gang assembly,
Type W20G3.

MOTOR DRIVE

As with other W-model
motor-driven units and assemblies can
be supplied. These simple, relatively in-
expensive drives are available for both
servo and remote positioning applica-
those used on

Variacs,

tions. Cases similar to
ganged assemblies (Figure 2) can be
supplied for applications where com-
plete enclosure is desired.

The price for motor drive varies with
the quantity ordered. We shall be glad
to quote prices and to recommend the
model best suited to your requirements.

Figure 5. Three-gang assembly with case,
Type W20G3M.

Figure 6. For ambient temperatures above 50°C.,
Variacs should be derated according to this curve.

T

AMBIENT TEMPERATURE

TYPE 1201-B UNIT REGULATED POWER SUPPLY

The Unit Regulated Power Supply
has been redesigned for reduced ripple
voltage and more nearly constant out-

’ UNIT REGULATED
POWER SU
o

put voltage. The new model number is
Type 1201-B. The d-¢ output voltage of
the new instrument is constant within
+149 for all values of load current and
line voltage, and the ripple voltage is
less than 1 millivolt (120 eps) at full
load. The Type 1201-B Unit Regulated
Power Supply is recommended for use
with General Radio Unit Instruments
as well as with other equipment in ap-
plications where line-voltage fluctua-
tions are serious.

SPECIFICATIONS

Output: 300 v de (£1%) at 70 ma.
6.3 v ac at 4 amp. (unregulated).

|
| File Courtesy of GRWiki.org
|



Regulation: D-¢ output voltage is constant
within 4149, for all values of load current
and line voltage.

Ripple: Less than 1 mv (120 cps) at full load.
Internal Impedance: 0.4Q -+ 10 xh (max).

Input: 105-125 volts, 50-60 cps, 87 w, full load
at 115 v.

Connectors: Line cord permanently attached
to instrument. Standard 4-point connector

Type

AUGUST-SEPTEMBER, 1958

mounted on cabinet side for other Unit Instru-
ments.

Accessories Supplied: Line cord; mating plug for
equipment other than Unit Instruments.
Mounting: Black-crackle-finish aluminum panel
and sides. Aluminum cover finished in clear
lacquer.

Dimensions: Width 5 in., height 534 in., depth
614 in. over-all, not including power cord.
Weight: 6 pounds.

Code Word Price

1201-B

] Unit Regulated PowerSupply. ..........oooovunn i ASSET i

$85.00

EQUIPMENT LEASING

In our dynamic economy, capital
equipment users often face the problem
of acquiring large quantities of equip-
ment for modernization, expansion, re-
placement, and for Government con-
tracts. This demand for capital equip-
ment can tie up substantial amounts of
working ecapital that might be more
profitably used otherwise. Because of
this, there is a strong trend towards
leasing, which has been sparked by the
growing realization that it may be better
to pay for the use of equipment out of
current income than to pay for owner-
ship out of past profits, debt, or equity
financing. The following benefits may
be realized by leasing test equipment:

(1) Liquid capital can be most prof-
itably employed.

(2) Equipment costs can be pin-
pointed to specific projects or contracts.

(3) Government contracts can be par-
tially financed on a lease basis.

(4) Monthly payments can be handled
as an operating expense.

(5) The normal credit pool is not
dried up, leaving cash and borrowing
facilities intact for other purposes.

(6) New instruments are acquired on
a pay-its-way basis.

(7) Because equipment can be leased
long before funds can be made available

through inflexible capital budgets, ex-
pensive delays can be avoided.

(8) By not making heavy demands on
liquid cash, leasing encourages manage-
ment to provide their valuable engi-
neering talent with the most efficient
up-to-date instrumentation. The result
is an inerease in output per man-hour.

To meet this need for leased instru-
ments, a number of reputable concerns
provide leasing services for credit-
worthy companies in the electronic in-
dustry. It is important to note that these
companies lease equipment and do not
rent equipment. The difference is that
leased equipment is purchased by a
leasing company on specific orders from
the user and placed in the user’s plant
under leasing arrangements, whereas
rented equipment implies that an in-
ventory of instruments is available for
short-term sporadic demands. Because
of the extreme diversity of modern
electronic instrumentation, the capital
demands for maintaining an instrument
inventory are so great that rental-service
companies have not evolved. As far as
we know, no leasing company stocks
equipment for rent.

How does one go about leasing an
instrument? The first step is to deter-
mine what instrument you need and

File Courtesy of GRWiki.org
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who manufactures it. This step is no
different than the making of a regular
capital purchase. You look over the field
and select the instrument and manufac-
turer who has the desired instrument.
You then get in touch with his Sales
Department to discuss the technical
details and inquire about delivery and
cost. Do not go to a leasing company for
technical details or specifications of the
instrument. Once you have established,
in cooperation with the equipment man-
ufacturer, the particular instrument de-
sired, then go to the leasing company.
The leasing company will furnish you
with a quotation for the leasing of the
specific instrument that you have se-
lected. If the leasing terms are accept-
able to you, a lease will be drawn, and
upon execution the leasing company will
place a purchase order with the equip-
ment manufacturer directing shipment
to the user. All equipment warranties
offered by the manufacturer are ex-
tended to the user. With General Radio
Company, all instruments carry a two-
year warranty. Should you have a

service problem after purchasing the
instrument, all negotiations would be
directly between you and the manufac-
turer. Most electronic equipment is
leased on a 36-month basis. Thereafter,
annual renewals are made available at
nominal rates.

A typical example is the purchase of
a General Radio Type 1100-AP Primary
Frequency Standard. The catalog price
for this instrument is $2440. The cost
per month for the Frequency Standard
will be approximately $80.50 for 36
months. If at the end of the 36-month
period you wish to renew the lease, it
can be done for $146.50 per annum.
When a larger-dollar-volume is involved,
the rate may be reduced somewhat, de-
pending upon the complexity of the
order.

It may be seen from these rates that
it is possible through leasing to keep
yvour laboratory and production test
equipment completely modernized at
a nominal cost and still have capital
available for other investments.

— Roserr B. Ricamonn

EXHIBIT CALENDAR

During the months of September and
October, many of the newest General
Radio instruments will be on display
at the technical meetings and conven-
tions listed below. A cordial invitation

IRE CONFERENCE ON COMMUNICATIONS
Booths 111 and 112

September 12 and 13, 1958

IRE CANADIAN CONVENTION
October 8-9-10, 1958

October 13-14-15, 1958

Booth 450

NATIONAL ELECTRONICS CONFERENCE
Booths 172, 173, 174

is extended to all Experimenter readers
who attend these conventions to visit
the General Radio booths and to talk
over your measurement problems with
our engineers.

CEDAR RAPIDS, IOWA

Sheraton Montrose Hotel

TORONTO, CANADA
Exhibition Park

CHICAGO, ILLINOIS

Hotel Sherman

General Radio Company

MINTE,
Ligodl
usa
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The new Type 1551-B
Sound-Level Meter de-
scribed in this issue sets a
new high in both accuracy
and convenience. Photo-
graph shows instrument in
carrying case, supported by
shoulder strap, and ready
for use.

ﬂ(ée GENERAL RADIO
xXperimenter

Published Monthly by the General Radio Company
VOLUME 32 + NUMBER 17 OCTOBER, 1958

CONTENTS
Page

Improved Performance Plus a New Look for the Sound-
Level Meter....... e, o et AW B R 8 Al AT

A Three-Terminal Precision Capacitor......... e O
ComaERNIBI o vy 605« Setsigne sp s v s oninsinne e

The General Radio EXPERIMENTER is mailed without charge
each month to engineers, scientists, technicians, and others
interested in electronic techniques in measurement. When
sending requests for subscriptions and address-change
notices, please supply the following information: name,
company address, type of business company is engaged in,
and title or position of individual.

GENERAL RADIO COMPANY

275 Massachusetts Avenue, Cambridge 39, Mass.
Telephone: TRowbridge 6-4400

NEW YORK: Broad Avenue at Linden, Ridgefield, New Jersey

Telephone — N. Y., WOrth 4-2722
N. J., WHitney 3-3140

CHICAGO: 6605 West North Avenue, Oak Park, lllinois
Telephone — Vlllage 8-9400

PHILADELPHIA: 1150 York Road, Abington, Pennsylvania
Telephone — HAncock 4-7 419

WASHINGTON: 8055 13th St., Silver Spring, Maryland
Telephone — JUniper 5-1088

LOS ANGELES: 1000 North Seward St., Los Angeles 38, Calif,
Telephone — HOllywood 9-6201

SAN FRANCISCO: 1182 Los Altos Ave., Los Altos, Calif.
Telephone — WHiiecliff 8-8233

CANADA: 99 Floral Parkway, Toronto 15, Ontario
Telephone — CHerry 6-2171

REPAIR SERVICES
EAST COAST: General Radio Co., Service Dep!t., 22 Baker Avenue,
West Concord, Mass.
Telephone — Concord, EMerson 9-4400
Lincoln, Clearwater 9-8900
MIDWEST: General Radio Co., Service Dept., 6605 West North
Ave., Oak Park, lllinois
Telephone — Vlllage 8-9400
WEST COAST: Western Instrument Co., 826 North Victory Boule-
vard, Burbank, Calif.
Telephone — Vlctoria 9-3013
CANADA: Bayly Engineering, Lid., First 5t., Ajax, Ontario
Telephone — Toronto EMpire 8-6866

File Courtesy of GRWiki.org




The primary function of the General
Radio Sound-Level Meter is noise meas-
urement — noise generated by machines
and appliances, environmental noise,
and the propagation of noise by materials
and structures. With its many accesso-
ries, however, it also comprises a com-
plete sound-measuring system, capable
of accurate sound-pressure measure-
ments, sound-spectrum analysis, and
other acoustic measurements.

The latest model of this versatile in-
strument, Type 1551-B, is smaller,
lighter, and easier to hold than its pred-
ecessor'* and, in addition, has many
worthwhile new technical features and
improvements. Among these are:

1. A new microphone, for better all-
round performance.

2. A new meter circuit, which more
closely approximates rms response.

3. A new calibration circuit for ampli-
fier gain standardization, which does not
require a power line connection.

1E. E. Gross, "'Type 1551-A Sound-Level Meter,"” General
Radio Experimenter, Vol. 26, No. 10, March, 1952,

2E. E. Gross, ''The Sound-Level Meter as an Audio Fre-
quency Voltmeter and Amplifier,”” General Radio Experi-
menter, Vol. 31, No. 8, January, 1957.
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IMPROVED
PERFORMANCE
PLUS
A NEW LOOK
FOR THE
SOUND-LEVEL METER

Figure 1. Panel view of the Sound-Level Meter, with

microphone folded down in OFF position. In operat-

ing position, microphone can be either erect, as

shown on front cover, or extending outward from
case.

4. A new adjustment for microphone
sensitivity, which facilitates the use of
special-purpose microphones.

5. Improved signal-to-noise ratio and
dynamic range. These make possible the
use of spectrum analyzers over a greater
amplitude range so that noises with a
steeper spectrum slope can be analyzed.

6. Improved frequency response,
which permits increased accuracy of
measurement.

7. Improved performance at high
sound levels; the upper limit of measure-
ment has been raised and microphon-
ics have been reduced.

8. Improved stability, requiring less
frequent calibration adjustments.

These improvements, which are dis-
cussed in detail below, result from Gen-
eral Radio’s continuous program of de-
velopment in the field of acoustic meas-
urements and also from the many con-
structive suggestions received from users
of the Type 1551-A Sound-Level Meter.

MICROPHONE

Choice of the proper microphone to
serve as the acoustic pickup for a high-
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RELATIVE RESPONSE —DECIBELS
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Figure 2. Free-field, perpendicular incidence (O degrees) frequency response of Type 1560-P1 (98B99) and
Type 759-310 (9898) Microphone.

quality but moderately priced sound-
level meter is no easy task. Many months
of testing and evaluating the many
types of “hi-fidelity’”’ microphones avail-
able must go into the process. After
taking all of the factors into account,
we feel that the Shure Brothers Typr
98B99 microphone’ is a “Best Buy’’ for
this use. This microphone, which we list
as the Type 1560-P1, is a small Rochelle-
salt-crystal type of modern design. It
has the same sensitivity as the older
Tyre 9898, which was used on the Typrr
1551-A Sound-Level Meter. Its new de-
sign and small size contribute to a re-
sponse that is smoother and more nearly
nondirectional at high frequencies than
that of the older microphone and retains
the same flat response to low frequen-
cies. Figure 2 illustrates the improve-
ment in high-frequency response that
has been obtained. The solid curve is the
free-field frequency response for one of
the new microphones to sounds arriving
along its axis or perpendicular to the
plane of its diaphraghm. The dotted

Figure 3. Free-field frequency response of Type 1551-B Sound-Level Meter to

curve is a similar frequency response for
one of the older microphones. The new
microphone response extends fairly
smoothly out to 8 ke, with no major
peaks or valleys. Measurements on pro-
duction quantities of these microphones
confirm the uniformity exhibited by the
eighteen microphones that gave the re-
sults pictured in Figure 3. The solid
curve starting at 0 decibel shows the
C weighting, or flat, response of the
Type 1551-B with the average micro-
phone. The shaded area within the dotted
lines shows the measured variatien in
response. The upper and lower solid
curves are the current ASA* limits for
the C weighting response of a sound-
level meter.

METER CIRCUIT
For many years American sound-level
meters built to conform to the standard

3John Meddill, ‘A Miniature Piezo Electric Microphone,””
Transactions of the IRE Professional Group on Audio, Vol.
AU 1, No. 6, November-December, 1953.

4American Standards Association, American Standard for
Sound-Level Meters for Measurement of Noise and Other
Sounds, Z24.3-1944.

d o Tty

of r

(C weighting). Average and extreme values for 18 microphones are shown, together with ASA tolerances.

ASA Z24.3,1944
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referred to before have used, as indi-
cators, full-wave rectifier meters, with
rectifiers operating in the low-density
region to approximate square-law opera-
tion. These meters were basically aver-
age-reading indicators and, although
they met the two-tone test for rms re-
sponse, their indications were much closer
to average than rms on most other tests.

The new meter circuit developed for
use in this sound-level meter, while it is
not a true rms indicator, indicates much
more closely to the rms value than did
the previous meter. Simply stated, the
new meter circuit shown in Figure 4
combines an average-reading circuit
with a peak-reading ecircuit to create
what we have called the “quasi-rms”
indicating circuit. Since the rms value
of most waveforms falls above the aver-
age value but below the peak value, it
was reasoned that a portion of the peak
indication added to the average value of
a given waveform should result in an
rms indication.™ * This is true, but differ-
ent waveforms require different amounts
of peak indication to give the rms value.
In the circuit shown in Figure 4, the
ratio of R-2 to R-1 determines the
amount of the peak contribution, and
one set of values will give an indication
on many signals that is very close to
rms. Table I below shows the decibel
difference between the indication of a
true rms meter and the new meter cir-
cuit, an average meter, and the meter in
the older Type 1551-A for several test
signals.

OCTOBER,

1958
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Figure 4. Quasi-rms meter circuit used in Type

1551-B, and response of meter circuits in both =B

and -A dels to pul of amplitude and
varying duration.

In Column 2, the signal consisted of
two tones, one at 1000 cps set to give a
convenient indication on the meter. The
other tone differs from 3000 cps by a
few cycles and has 309, the amplitude
of the first. A true rms meter will show
no fluctuation with this type signal.
Column 3 refers to the two-signal test
outlined in the Sound-Level Meter
Standard.*

The solid curves shown in Figure 4
show the response of the new meter and
its predecessor to pulses of constant
height but varying length. It can be
seen that the new meter indicates the
rms value (upper dotted curve) within
=+ 1 db until the pulse duration becomes
as short as *sth that of a square wave.

5R. L. Frank, ‘“‘Harmonic Insensitive Rectifiers for AC
Measurements,' Proceedings National Electronics Con-
ference, Vol. 8, 1952, pp. 495-505.
6Arnold P. G. Peterson, ‘‘Response of Peak Voltmeters to
Random Noise,” General Radio Experimenter, Vol. 31,
No. 7, December, 1956, pp. 3-8.

TABLE |
Difference in M. eter Indication and RMS
Decibels
Type db Fluctuation with Phase Changes For For For
Meter at 309, 3rd Harmonic Two-Signal Square Noise
Addition Waves
1551-B 0.45 +.05 +0:1 —0.25
AVE. 1.8 —-1.0 +1.0 —-1.0
1551-A 1.7 —0.4 +0.6 —1.0
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This is well into the impact-type wave-
forms, which should be measured using
the Type 1556-A Impact-Noise An-
alyzer. The Type 1551-A Meter and
other sound-level meters do not approach
closely either the rms or the average re-
sponse for this type of signal.

CALIBRATION CIRCUIT

All  General Radio Sound-Level
Meters have had built-in calibration
cireuits for checking amplifier gain.” The
method used in previous models re-
quired a 115-volt, 60-cycle line, which
often was not convenient and some-
times not possible. The new method,
like the old, equates the amplifier gain
to a stable, resistive attenuator, but the
method of comparison is simplified. The
output of the amplifier with its internal
attenuators is connected back to the
input through a frequency-determining
network and a preset calibrated attenu-
ator. When the net loop gain is unity
(i.e., when gain equals attenuation), the
system starts to oscillate.

One might expect that the sudden
start of oscillation when the ecritical,
unity-gain condition was reached would
cause the meter to slam from off down-
scale to off up-scale. This is prevented
by an amplitude limiter in the feedback
loop, which controls the build-up of
oscillation level as gain is increased. The
slope of the build-up is purposely left
fairly steep, however, to magnify the

2
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Figure 6. Location of microphone sensitivity
adjustment.

precision of setting. As illustrated in
Figure 5, adjustment of oscillation am-
plitude within the 4-db span AOA’ on
the meter sets the amplifier gain to its
proper value within + 0.2 db as indi-
cated by the small triangle BOB’.

MICROPHONE SENSITIVITY
ADJUSTMENT

The versatility of the sound-level
meter is increased greatly by the use of
different types of microphones for differ-
ent applications. The Rochelle-salt type
supplied with the instrument is the best
all-round microphone for general use;
but dynamic types are useful when long
cables are required, and condenser types
are better when extended frequency re-
sponse is required or very high sound
levels are encountered.

The attenuator in the new calibration
circuit is calibrated directly in terms of
microphone sensitivity from —49 to
—61 db re 1 volt per ubar. This attenu-
ator is normally preset in our laboratory
to match the microphone supplied. The
usual setting is in the region of —58 db.
m P. G. Peterson, ‘“The Measurement of Impact
Noise,” General Radio Experimenter, Vol. 30, No. 9, Feb-
ruary, 1956.
8W. R. Thurston, **The Basis for Field Checking Sound

Meter Calibration,”” General Radio Experimenter, Vol. 27,
No. 6, November, 1952.

Figure 5. Showing the magnifying action of the
calibration check circuit.
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To use a microphone with a —55 db
sensitivity, one merely sets the micro-
phone sensitivity adjustment (see Figure
6) to —55 and readjusts the amplifier
gain until the meter needle falls in the
area AOA’ of Figure 5; the sound-level
meter is then direct reading with that
microphone.

SIGNAL-TO-NOISE RATIO AND
DYNAMIC RANGE

One of the operating characteristics
of a sound-level meter which becomes
important when an analyzer® is used is
the internal noise level with respect to
the desired signal. This is particularly
true when the noise being analyzed has
a sloping spectrum. This signal-to-noise
ratio has been substantially improved
in the new instrument. The attenuator
controlled by the panel peciBELS switch
has been distributed throughout the
amplifier to keep all tubes operating at
as high a signal level as possible and
hence to increase the signal-to-noise
ratio. The improvement in signal-to-
noise ratio and, hence, in dynamic range
is apparent from the figures in Table IT
below.

The signal-to-noise ratio is slightly
better at all higher attenuator settings
than those shown below. The amplifiers
will handle signal levels 10 db above full
scale on the meter, so that one can say
that the total dynamic range of the in-

9As, forinstance, the General Radio TypE 1550-A Octave-
Band Analyzer and the Type 760-B Sound Analyzer.
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strument for all attenuator settings
above 60 db is greater than 70 db in the
octave bands and of the order of 68 db
over the frequency range of 20 to 10,000
cps.

FREQUENCY RESPONSE

Five design improvements contribute
to a better over-all frequency-response
characteristic:

A. The new microphone has a smooth-
er high-frequency response. Manufac-
turer’s tolerances on the allowable vari-
ation in the response of the microphone
have been appreciably reduced.

B. The frequency responses of the
range attenuators have been improved
and these characteristics are more
closely controlled.

C. Modifications in the amplifier de-
sign have resulted in a greater band-
width. Figure 7 shows the response of
the new amplifier over the frequency
range of 10 cps to 50 ke.

D. New weighting networks have been
designed to give A, B, and C responses
that conform more closely to the ASA
design centers. The improved frequency
characteristics of the new microphone
justify this effort.

E. The new indicating meter in the
Type 1551-B has no observable fre-
quency error in the usable range.

PERFORMANCE AT
HIGH SOUND LEVELS

The maximum attenuator setting has

TABLE 1l

OCTAVE-BAND NOISE LEVELS DB BELOW FULL SCALE
ATTENUATOR SETTING = 70 DB (C Weighting)

BAND -CPS 20— 20— 75— 150— 300~ 600— 1200- | 2400- 4800—
10,000 76 150 300 600 1200 2400 4800 10,000
Type 1551-B 58 66 71 72 71 69.5 67 65 62
Type 1551-A 37 56 56 55 52 49.5 46.5 44 40
Improvement 21 10 15 : i 19 20 20.5 21 22
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RESPONSE IN DECIBELS

been increased from 130 to 140 db, mak-
ing the direct-reading range of the in-
strument 24 to 150 db above the refer-
ence pressure level of .0002 ubar. The
numerous factors that contribute to the
improved signal-to-noise ratio also im-
prove the operation of the instrument
in high sound fields. Much attention has
been given to the problem of keeping
the microphonic signals at a minimum
in this new instrument. Microphonics
due to vibrations and airborne sound are
reduced by the use of low-noise cable
throughout the instrument, by improve-
ment in the shock and vibration mount-
ing of the amplifier compartment, and
by the mounting of all tubes between
soft rubber pads. Measurements made
in high sound fields, however, should be
carried out with great care, and one
should exercise the usual precautionary
measures to determine that microphon-
ics are at a safe level.

STABILITY

Increased stability of the amplifier
was an important objective in the rede-
sign of the sound-level meter. The
change effecting the greatest part of
the improved stability is the addition
of a voltagereference diode, which
maintains constant plate voltage on the
first two amplifier stages over the full
operating range of the B+plate battery.
Other contributing factors are increased
negative feedback around the main am-
plifier, made possible by an increase in
the gain of the second amplifier stage,
and conversion of the output amplifier
from a vacuum tube to a transistor con-
nected as an emitter follower.
Figure 7. Frequency response of amplifier in Type

1551-B Sound-Level Meter (weighting switch set
at 20 ke).

S0 100 200 500 1000 2000 5000 10000 20000
FREQUENCY IN CYCLES PER SECOND

50000
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Figure 8. View of Sound-Level Meter with A-C Power
Supply attached.

A-C POWER SUPPLY

Batteries are the normal power sup-
ply of the sound-level meter, as listed
in the specifications. A-C power is more
convenient for laboratory use, however,
and the Type 1262-B A-C Power
Supply is available for such applications.
This small power unit mounts directly
on the end of the Type 1551-B and
connections are made between the two
by means of a 6-terminal connector
when the supply is so mounted. The
supply can be operated from either a
105-125-volt, 50-60 cycle line or a 210-
250-volt, 50-60-cycle line. Two well-
filtered filament supplies and a plate
supply are provided. Stability of the
amplifiers in the Typre 1551-B is such
that normal line voltage variation causes
negligible change in meter reading.

CARRYING CASE
The shielded aluminum cabinet, fin-
ished in dark-gray crackle, is a rugged
and durable carrying case which affords
adequate protection to the interior ele-

File Courtesy of GRWiki.org



ments. To make field use of the new
meter as convenient as possible, how-
ever, an ever-ready type leather carrying
case is now available. This case, the
Type 1551-P2; is illustrated on the cover,
protects the sound-level meter in transit,
and provides a handy carrying handle.
With the long strap placed over the
shoulder, the instrument can easily be
carried and can be operated without
removal from the case.

ACCESSORIES
The full line of accessories for the
A-model sound-level meter can be used
equally well with the new model. These
include acoustic calibrator, dynamic and
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condenser microphones, vibration pick-
up, and spectrum analyzers. The new
sound-level meter uses a different type
of plug-in connector for the micro-
phone, and an adaptor is furnished
with each accessory instrument that
requires it.

Much thought and effort have gone
into the design of the Tyre 1551-B
Sound-Level Meter. A new look and
improved performance have resulted.
Mechanical design and handling ease
have been carefully considered as well
as electrical and acoustical performance.
The Type 1551-B is a big step forward
in sound-level-meter design.

—E. E. Gross

SPECIFICATIONS

Sound-level Range: From 24 db to 150 db (re
0.0002 microbar).

Frequency Characteristics: Any one of four re-
sponse characteristics, A, B, C, and 20 ke, can
be selected by a panel switch.

The A and B weighting positions approxi-
mate the response of the ear to pure tones
referred to a 40-db level and a 70-db level,
respectively, at 1000 eps.

The C weighting provides uniform response
to all frequencies within the range of the micro-
phone. This characteristic is used for measuring
high sound levels, for measuring sound-pressure
levels, or when the instrument is used with an
analyzer.

The 20 ke position allows the use of the com-

plete frequency response of the sound-level
meter’s amplifier, which is flat from 20 ¢ to
20 ke, so that complete use can be made of
wide-range microphones such as the General
Radio Type 1551-P1 Condenser Microphone
Systems.
Microphone: The microphone is a high-quality
Rochelle-salt-crystal diaphragm type. Con-
denser and dynamic microphones are available
as accessories.

Sound-Level Indication: The sound level is indi-
cated by the sum of the readings of the meter
and attenuator switch. The clearly marked,
open-scale meter covers a span of 16 db with
calibration from —6 to 10 db. The attenuator
is calibrated in 10-db steps from 30 to 140 db
above the standard reference level.

Output: An output of 1 volt across 20,000 ohms
(when the panel meter is at full scale) is avail-
able at an output jack. The output can be used
to drive frequency analyzers, recorders, and
oscillographs.

Meter Damping: The panel meter is provided
with two different damping characteristics,
selected by a switch. In the rast position, the
meter ballistics agree with the current ASA
standards. In the sLow position, the meter is
heavily damped and indicates, for easy read-
ing, the average level of rapidly fluctuating
sounds.

Calibration: Internal means are provided for
standardizing the sensitivity of the electrical
circuits in the sound-level meter.- After stand-
ardization, the accuracy of sound-level meas-
urements, as specified in ASA standards, is
within &= 1 db for average machinery noise.
The Type 1552-B Sound-Level Calibrator is
available for making periodic acoustic checks
on the over-all calibration, including micro-
phone.

Temperature and Humidity Effects: Readings are
independent (within 1 db) of temperature and
humidity over normal ranges of room condi-
tions.

Power Supply: Two 114-volt size D flashlight
cells (Rayovac 2LP or equivalent) and one
67 LV5-volt Burgess XX45 battery or equivalent
are supplied. The Type 1262-B Power Supply
for a-c operation is available.

Tube Complement: Four Raytheon CK-512-AX
and two Raytheon CK 6418 tubes; one RCA
2N105 transistor.

Accessories Supplied: Telephone plug.

Cabinet: Shielded aluminum cabinet, finished in
gray crackle, which serves as a convenient and
rugged carrying case. A leather carrying case
is available, which permits operation of the
instrument without removal from the case.
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Dimensions: Sound-level meter only, (depth)
614 x (length) 914 x (width) 714 inches, over-
all; with a-c power supply attached, 614 x
1234 x 714 inches.

GENERAL RADIO EXPERIMENTER 10

Net Weight: 7 pounds, 10 ounces with batteries;
9 pounds, with a-¢ power supply; a-c power
supply only, 2 pounds, 8 ounces; leather case,
2 pounds.

Type Code Word Price
1551-B SOUnt-Lovel MOIET 5. o' o« . o vuis fve s esaions MIMIC $395.00
Set of Replacement Batteries. . ................. MIMICADBAT 3.90
1262-B POWSE SUPPIY - <o vic svvsisine s oiv s o shismvs s MANLY 70.00
1551-P2 Kenthar Conyig Lot 2 500 i .o ia et s CALYX 20.00

*Licensed under patents of the American Telephone and Telegraph Company.

A THREE-TERMINAL PRECISION CAPACITOR

The normal construction of the Typr
722 Precision Capacitor is with the rotor
grounded to the frame and panel. Such
construction gives what is normally
referred to as a two-terminal capacitor,
with one terminal connected to the
ground of the unit and, in turn, to the
ground of the measuring circuit.

In some measuring circuits it is neces-
sary or desirable to have both terminals
of the variable capacitor at other than
ground potential. This is the so-called
three-terminal construction, ground be-
ing the third terminal. We have built a
great many capacitors of this type on
special order in the past, and in recent
years the interest in this type of con-
struction has been increasing. The TyprE
722-CB, a three-terminal capacitor hav-
ing a 1050-uuf range, is now offered as
a stock item.

For capacitance measurement, three-
terminal standards have certain definite
advantages, the most obvious of which
is the relative freedom from the prob-
lem of lead capacitance. In the three-
terminal construction, the capacitance
of leads to ground does not affect the
direct capacitance between rotor and
stator. The capacitance between leads
can be eliminated by shielding of at least
one terminal and lead. When this is
done, complete freedom from lead capac-

itance problems is insured. Theoreti-
cally only one terminal and lead need be
shielded, but in certain instances it may
be advantageous to shield the low
terminal as well as the high terminal.
For example, in a circuit where the im-
pedance of both terminals to ground is
relatively high, electrostatic shielding to
guard against pickup will be necessary
on both leads. For this reason coaxial
terminals (Type 874) are provided for
both rotor and stator connections in the
Type 722-CB.

A second equally important advan-
tage of a three-terminal capacitor is that
losses are definitely lower than in a two-
terminal capacitor of similar construc-
tion. The losses in the dielectric sup-
porting structure, which in the two-
terminal construction are in parallel
with the desired capacitance, appear in
the terminal-to-ground capacitances in
the three-terminal construction. In the-
ory all the dielectric losses can be placed
in terminal capacitance, but actually in
typical construction there may be some
residual fringing field between rotor and
stator which passes through solid dielec-
tric material. In the Type 722-CB the
rotor insulation is completely shielded
and the stator insulation is sufficiently
removed from the main field so that
residual losses from this cause are ex-
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Panel view of the Type 722-CB Precision Capacitor.

tremely small. In addition to these
extremely low losses from dielectric
supports, there may be some losses at
the surface of the capacitor plates, and
there are even detectable losses in air,
both of which depend greatly upon rela-
tive humidity.

In the two-terminal construction, the
Type 722 Precision Capacitor has a
D,C, product of 0.03 uuf, corresponding
to a dissipation factor of 30 x 10" at
1000 wuf and 300 x 107° at 100 uuf.
Ideally, such a capacitor in the three-
terminal construction should have losses
at all settings smaller than the loss at
the 1000-uuf setting in the two-terminal
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construction. Measurements show that
there is actually a slight tendency for
the dissipation factor to rise at low
capacitance setting. The increased losses,
which result when the edges of the
rotor and stator plates are in close
proximity, are presumably caused by
the localized high voltage gradients
at the relatively sharp edges of the
plates.

The measurement of dissipation fac-
tors in the order of a few tens of micro-
radians is fairly difficult, and most con-
ventional measuring techniques have
uncertainties of the same general order
of magnitude. We believe, however, that
under favorable conditions our measure-
ment of dissipation factor, using a
substitution technique with the Tyre
716 Bridge, has an absolute accuracy of
the order of 10 microradians. Allowing
for this uncertainty of measurement,
the Typre 722-CB is rated as having a
dissipation factor less than 50 micro-
radians at all settings in the linear
capacitance range.

Since, in the three-terminal construe-
tion, the stator-to-ground capacitance is
eliminated from the calibrated value,
a lower minimum value of

capaci-
tance results, and linear calibration

to a lower value is possible. The useful

direct-reading linear range of the Typr

722-CB is from 50 uuf to 1100 upuf.
—Ivan G. Easton

SPECIFICATIONS

Capacitance Range: Direct reading on drum and
dial, 50 puf to 1100 wuf.

Accuracy: 1 puf or +0.19,, whichever is the
greater.

Correction Chart: A correction chart is supplied,
giving corrections at multiples of 100 uuf. The
accuracy obtained through the use of this chart
is +0.19, or +0.4 uuf, whichever is the greater,
for direct measurements. For capacitance dif-
ferences, the accuracy is 40.1% or £0.8 uuf,
whichever is the greater.

Worm Correction Calibration: A correction for the
slight residual eccentricity of the worm drive

can be supplied at extra charge. The accuracy
after worm correction is applied is £0.19, or
+0.1 puf for total capacitance and +0.19; or
+0.2 ppf for capacitance differences.

Dissipation Factor: Less than 50 x 106,

Maximum Voltage: 1000 volts peak.

Residual Inductance: Effective series inductance
is approximately 0.06 uh.

Series Resistance: Approximately 0.02 ohm at
1 Me.

Temperature Coefficient of Capacitance: Approxi-
mately 0.0029, per degree Centigrade for small
temperature changes.
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Accessories Supplied: Two Type 874-C58 Cable
Connectors.

Terminals: Tyre 874 Coaxial Panel Connectors.
In addition, a jack-top binding post is provided
as an alternate ground connection.

Mounting: Capacitor is mounted on an alumi-
num panel finished in black crackle lacquer and

Type

12

enclosed in a shielded hardwood cabinet. A
wooden storage case with carrying handle is
supplied.

Dimensions: Panel, 8 x 91% inches; depth, 814
inches.

Net Weight: 9 pounds, 10 ounces; 17 pounds with
carrying case.

Code Word Price

722-CB

| Precision Capacitor. . . .....o0u0e

CAROM I $205.00

COMING

EXHIBITS

PATENT OFFICE SPONSORS EXHIBIT

To promote the role played by inven-
tion and the patent system in the de-
velopment of the electrical and the
electronics industries, the U. S. Patent
Office has invited sixteen companies to
participate in an exhibit to be held in
the Main Lobby of the Department
of Commerce Building, Washington,
D. C., October 13 through November 7,
1958.

Among those exhibiting will be the

General Radio Company. Our display
emphasizes the invention, patenting,
development and improvement, by Gen-
eral Radio, of the variable autotrans-
former, which this Company manufac-
tures and markets under the trade name
VARIAC.®

We cordially invite EXPERI-
MENTER readers to visit this and the
many other interesting displays at this
exhibit.

NEREM — THE NEW ENGLAND RADIO ELECTRONICS MEETING

NEREM — New England’s annual
electronics convention and show, spon-
sored by the Boston and Connecticut
Valley Section of the IRE, will be held
at Mechanics Building, Boston, Novem-
ber 19 and 20, 1958. An outstanding
technical program has been arranged,
and more than 100 exhibitors will show

their products. You will find it worth
while to attend this outstanding meet-
ing.

General Radio, in Booths 153 and
154, will have on display the new instru-
ments that you have read about in the
pages of the EXPERIMENTER this
vear. We hope you will drop in to see us.

General Radio Company

PRINTE,
N

waa
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Testing of coaxial devices
can be speeded up greatly
through the use of the Gen-
eral Radio Motor-Driven
Slotted Line. The photo-
graph shows this line in
use in the General Radio
laboratories to test coaxial
i % for ding
ratio,
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COMPLETE ASSEMBLY FOR
CAPACITANCE MEASUREMENTS
AT ONE MEGACYCLE

Both commercial and military specifi-
cations for capacitors of 1000 wuf and
less call for measurement of capacitance
and dissipation factor at a frequency of
one megacycle. The Type 1610-AH
Capacitance Measuring Assembly is
a complete set of equipment for making
these as well as other 2-terminal meas-
urements.

Accessories are available which en-
hance the usefulness and convenience
of the assembly for specific measure-
ments. For the measurement of small
capacitors, particularly disc-ceramic
types, the Type 1691-A Capacitor Test
Fixture is recommended. With the
Type 1690-A Dielectric Sample Holder,
specimens of dielectric materials in the
form of ASTM 2-inch or smaller discs
can be measured.

The Typre 1610-AH Capacitance Meas-
uring Assembly consists of :

Type 716-CS1 Capacitance Bridge

Type 1214-M 1-Mec Unit Oscillator

Type 1212-A Unit Null Detector

Type 1212-P1 1-Mec Filter

Type 1203-B Unit Power Supply

Typr 480-P5UC1 and Typrr 480-P4U3

Adaptor Panels and 5 megacycles. A variable-frequency
Relay Rack Cabinet oscillator such as the Typre 1211-B and
Connection Cables and Power Cord a tunable selective detector (or radio

Although calibrated for a frequency receiver) are then required. If correc-
of one megacycle, the bridge itself can tions are applied, rated accuracy can be
be used at any frequency between 0.1 attained.

SPECIFICATIONS
Capacitance Range: Direct Method, 100 to 1150 €’ e, e .
uuf; Substitution Method, 0.1 to 1050 uuf. s to 0.56 x . where C’ is the capacitance

Dissipation Factor Range: Direct Method, 0.00002 of the internal standard capacitor at initial
to 0.56; Substitution Method, 0.00002 x balance and Cx that of the unknown.
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Accuracy (at one megacycle):

Direct Reading: Capacitance, +0.19, 1 puf
when the dissipation factor of the unknown is
less than 0.01; Dissipation Factor, =40.0005
or 29, of dial reading, whichever is larger,
for values of D below 0.1.

Substitution Method: Capacitance, +0.2%, or
+2 puf, whichever is larger; Dissipation Factor,
+0.00005 or 429, of the change in D observed,
when the change is less than 0.06.

When the dissipation factor of the unknown
exceeds the limits given above, additional
errors occur in both capacitance and dissipa-
tion-factor readings. Correction formulae are
supplied, by means of which the accuracy given
above can be maintained.

A correction chart for the precision capacitor
is supplied, giving scale corrections to 0.1 uuf
at multiples of 100 uuf. By using these data,
substitution measurements can be made to
+0.19% or +0.8 uuf, whichever is the larger.
For capacitances less than 25 wuf, the error
will decrease linearly to =40.1 puf. It is also

possible to obtain, at an extra charge, a worm-
correction calibration with which substitution
measurements can be made to an accuracy of
0.1% or =+0.2 uuf, whichever is the larger.

This same accuracy can be obtained with
the bridge at other frequencies between 0.1 Mc
and 3 Me, if corrections are made for the effects
of residual impedance, and if adequate selec-
tw1ty is provided for the null detector.

ies Available: Type 1690-A Dielectric
Sample Holder and Type 1691-A Capacitor
Test Fixture.
Power Supply: 105 to 125 volts, 50 to 60 cycles,
100 watts input at 115 v line. Instrument will
operate satisfactorily on power-supply fre-
quencies up to 400 cycles, provided that the
supply voltage is at least 115 volts.

Power input receptacle will accept either
2-wire (Type CAP-35) or 3-wire (Type CAP-15)
power cord. Two-wire cord is supplied.
Dimensions: (Height) 43 x (width) 2214 x
(depth) 20 inches, over-all.

Net Weight: 150 pounds, approximately.

Type Code Word Price
1610-AH Capacitance Measuring Assembly............ ‘ SIREN $995.00
Worm-Correction Calibration for Internal Preci-
SO CHRBEHEN (s v oo eicwss ma e imnh 6 5 0 woies WORMY 50.00
1690-A Dielectric Sample Holder. . . LOYAL 435.00
1691-A Capocitor Tost FIXtOre . . < cvvvsvsvaseviasose EDICT 22.50

A NEW, 1-MC UNIT OSCILLATOR

The Type 1214-M Unit Oscillator is
another of General Radio’s line of com-
pact, inexpensive Unit Instruments.
This oscillator generates a frequency

of 1 megacycle per second and is a
useful power source for bridge measure-
ments at that frequency. The Typrr
1214-M is the oscillator supplied with
the Type 1610-AH Capacitance Meas-
uring Assembly.

This oscillator uses a Hartley circuit
and is designed for low distortion and
high output level. The output can be
isolated from ground. A continuous
rotary control on the panel of the in-
strument varies the frequency over
a range of = 19, while a second control
varies the output from zero to maximum.

The built-in transformerless power
supply operates from a 115-volt, 40- to
60-cycle ac line.

SPECIFICATIONS

Frequency: 1 Mec.
Frequency Accuracy: 419,

Maximum Output: 300 mw into 50 ohms,
Open Circuit Output Voltage: 7 volts.
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Distortion: 3.59, with 50-ohm load.
Power Input: 115 v, 40-60 cps.
Power Consumption: 12 watts.

Type
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Dimensions: (Height) 534 x (width) 5 x (depth)
614 inches.

Weight: 234 pounds.

Code Word

1214-M Unit Oscillator, 1 Mc...... ves

ATONE |

TYPE 1421 VARIABLE AIR CAPACITORS

The Type 1421-J and Tyre 1421-K
Variable Air Capacitors are new units in
the General Radio line of instrument-
type, parallel-plate air capacitors. These
capacitors are machined from solid
metal, in the same manner as the Typr
1420 Capacitors." This unique method
of construction has many advantages,
both electrical and mechanical, over
conventional construction methods.Some
of these added features are:

Better control of thickness and straight-
ness of plates, since machining is a more
precise operation than rolling.

Elimination of cumulative
errors by gang milling.

Betler concentricity insured by turning
and boring a single piece.

Sturdier structure with high mechani-
cal stability, resulting from the integral-
plate construction.

spacing

1 H. M. Wilson, “Type 1420 Variable Air Capacitor,”
General Radio Experimenter, Vol. 31, No. 2, July, 1956,
pp. 7-10.

Good linearity and control of capaci-
tance magnitude, insured by precise ma-
chining.

Lower metallic resistance and induct-
ance and low thermal drift, because all
the conducting material is homogeneous.

Minimum microphonic tendencies, due
to the ruggedness of the plates.

Elimination of irregularities in the
capacitance-vs.-rotation curve, because
the stator plates are completely joined
on their outer peripheries.

Elimination of crazing or other struc-
tural failure of the polystyrene dielec-
tric, because the insulators are machined
from a cast bar of cross-linked polysty-
rene for thermal adequacy and are
stressed entirely in compression over
a wide area.

Insured concentricity of the rotor, since
the plates are milled and turned on
a centered arbor held by the setscrews
exactly as the shaft is secured in as-
sembly.
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SPECIFICATIONS
Capacitance Range: Temperature Coefficient of Capacitance: Approxi-
Nominal Range for mately 4.0039% per degree C.
Maz. Min. Linear variation £
J 575 22 540 420 puf Maximum Voltage: 700 volts peak.
K 1120 29 1025 =25 puf

The rotor-to-ground capacitance is about
2.5 uuf, and the stator-to-ground capacitance is
about 4 puf, for all sizes. The data in the above
table are for the capacitor used as a two-
terminal device, with rotor grounded. If stator
is grounded, maximum and minimum capaci-
tance values will be decreased by about 4 puf.
Independent Linearity: The variation of capaci-
tance with angle of rotation does not exceed
+0.39% of full scale. The angular range of
linear variation is 160°.

Typical linearity is better than +0.159%.
Dielectric Losses: For the grounded-rotor con-
nection, the dielectric losses correspond to a
D_C, product of less than .01 x 10-12. The rotor-
to-ground capacitance has a D,C, product of
0.1 x 10-12. This loss component is in parallel
with the main capacitance only for the
grounded-stator connection.

Insulation Resistance: Greater than 10! ohms
under standard ASTM laboratory conditions
(23°C, 50% RH).

Type
1421-J [ STE Bl aXi Lk s somesanvve s
1421-K A0 Rt BNEWws o/51n 1140w wsamias

Torque: 2 ounce-inches, maximum, with shaft
vertical.

Net Weight: Tyre 1421-J, 1 pound, 8 ounces;
Tyre 1421-K, 1 pound, 14 ounces.

Dimensions: See sketch.

*0-32 4P
3 MTG HOLES

DEPTH BEHIND PANEL
J 3} inches

K 45 inches LY
SHAFT DIA. 35 inches

Code Word Price
............. | NABIR | $46.50
............. NABOB 50.00

AN AUTOMATIC-BALANCING
CAPACITANCE BRIDGE

The Automatic Capacitance Indicator
(Figure 2) produced by Barnes Develop-
ment Company is a self-balancing unit,
which automatically indicates capaci-

CAPACITANCE 1N ak¥

tance and dissipation factor in an aver-
age time of 7 seconds. This instrument
will measure capacitance from 100 puf
to 1.1 uf in four ranges, and dissipation

Figure 1. Panel view

of the Barnes Auto-

matic-Balancing Ca-
pacitance Bridge.

DISSIPATION FACTOR (%)

(B
&

File Courtesy of GRWiki.org




ki

Figure 2. View of the P g y-

lote hrid.

factor from 0 to 169, in three ranges.

The basic bridge of the indicator is
a General Radio Type 716-C Capaci-
tance Bridge. Servo motors operating
through gears accomplish the automatic

NOVEMBER, 1958

balancing. The accuracy of the auto-
matic unit is equal to that of the capaci-
tance bridge (capacitance, =+ 0.19, +
1 ppf X capacitance multiplier setting)
when the dissipation factor of the un-
known is less than 0.01; dissipation
factor, 4 0.0005 or & 29, of dial read-
ing, whichever is the larger, for values
of D below 0.1.

The block diagram of the Barnes
Automatic Capacitance Bridge is shown
in Figure 3. The error signal from the
detector terminals is separated to feed
the two channels for “C” and “D”
balances. The “C’” channel is driven
through an attenuator; the “D”’ channel
is fed directly.

After passing through voltage ampli-
fiers the signals are fed to phase de-
tectors. Phase diserimination is achieved
by determination of the phase reference
voltage fed to the phase detectors. The
“C” detector receives an in-phase refer-
ence while the “D” detector receives
a quadrature voltage.

The outputs of the phase detectors
are filtered and then inverted into phase-
reversible 60-cycle voltages by
chronous choppers. After power-am-
plification, these signals are impressed
on the control winding of the two-phase
servo motors controlling the “C” and
“D” channels.

syn-

1

1 ATTENUATOR 1000 ~ GENERATOR

PREAMPLIFIER

L) 13
TYPE 716-C SAMPLE
ATTENUATOR el
CAPACITANCE BRIDGE ol P

“c” awpLiFiER | [ 0" AMPLIFIER |

PHASE [
DETECTOR
Figure 3. Block diagram of the

automatic capacitance bridge. r '"VE’“ER[

POWER
AMPLIFIER

o o
(=]
PHASE Q g@\)
ECTOR i
DETECTO PHASE I 3
SPLITTER v i
! 1
1 1
[ | Cee ]
GEAR TRAIN GEAR TRAIN
] [ mnverrer T T
[ 2-¢ MOTOR 2-$ MOTOR |
POWER
AMPLIFIER

l
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The balance point is indicated by
pilot lights, and the reading is presented
directly as a row of figures, with auto-
matically placed decimal points. The
Automatic Capacitance Indicator is
available with digital readout for use
with any punched card or tape data
system, or with servo (voltage) readout
for producing a graphic record of values

with recorders. The bridge is available
with either manual or automatic range
switching of the capacitance and dissi-
pation-factor ranges.

Inquiries about this bridge should be
directed to the Barnes Development
Company, 213 West Baltimore Pike,
Lansdowne, Pennsylvania.

e

SMITHSONIAN INSTITUTION TO COLLECT
EARLY COMMUNICATIONS EQUIPMENT

As many of our readers know, the
famed Smithsonian Institution in Wash-
ington has begun an interesting collec-
tion of early communications equipment.
A good start has already been made.

The Institution is now especially in-
terested in considering for permanent
display donations of early wireless equip-
ment dating from the World War 1
period or earlier and limited to an arc
transmitter, an induction coil spark
transmitter and all kinds of measuring
equipment. In the latter category, we

are planning to make several contribu-
tions from our own collection. Any of
our readers who own or know of the
existence of any of these types of pioneer
apparatus are urged to communicate
with the Editor or directly with the
Curator, Division of Electricity, Smith-
sonian Institution, Washington 25, D. C.

The exhibit will eventually be housed
in a new building under construction in
Washington.

Early catalogs of old radio equipment
are also desired for the historical library.

Norway and by ourselves.

Messrs. Braenne and Myrseth.

It is with deep regret that we report the death of Mr. G. Hammerik
who, in his association with Maskin-Aktieselakapet Zeta of Oslo, was in
charge of General Radio’s representation in Norway.

His expert knowledge of the scientific instrumentation field and his
helpful cooperation with all will be missed both by his many friends in

Zeta will carry on our representation under the capable direction of

General Radio Company

sinre
eRinTEY
usa
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HOW TO KILL TIME— ACCURATELY!

A Generator of Precise Time Delays

The immediate acceptance accorded
the Type 1391-A Pulse, Sweep, and
Time-Delay Generator' upon its intro-
duction in 1955 made it apparent that
there was a general desire for precise,
versatile, and accurate time-domain in-
strumentation. The Type 1392-A Time-
Delay Generator to be described in this
article uses portions of the Typr 1391-A
as a point of departure and extends its
original eircuitry to produce a new de-
gree of precision and adaptability in a
time-delay system.

The development of circuits for am-
plitude comparison by Holtje" and of
highly stable and precise distributed-
parameter variable delay lines by Lewis
and Frazier’ came about almost simul-
taneously with the availability of an

1R, W. Frank,
Measurements,"”
May, 1956

2\ C. Holtje, “*A New Circuit for Amplitude Compar-
ison, Y General Radio E rperimenter, 30, 6, November, 1955,
3F. D. Lewis and R. M. Frazier, ‘' Distributed-Parameter
Variable Delay Lines Using Skewed Turns for Delay
Equalization," Proc. IRE, Feb., 1957.

“A Versatile Generator for Time-Domain
General Radio Experimenter, 30, 12,

abundance of application information
resulting from the introduction of the

Type 1391-A Pulse, Sweep, and Time-
Delay Generator. This combination of

new circuits, new components, and field
experience has resulted in the develop-
ment of an instrument that will, we are
certain, become a standard for accuracy
and reliability in the field of analog time
measurements. It is an excellent range

calibrator for radar, sonar, and radio
navigation systems.

The Type 1392-A Time-Delay Gen-
erator produces an accurately
time delay, continuously adjustable, and
with 195 or 10-musec accuracy over the
range from 0 to 1 second.

known

It contains a
second, slightly less accurate, delay cir-
cuit adjustable over the time range from
0.5 psec to 0.5 second. This circuit, com-
pletely independent of the first delay
circuit and capable of being calibrated
by it, can be used:
As a second
cuit.

“parallel” delay cir-

Figure 1. Panel view of the Time-Delay Generator.

rDE\JY LINE

—DELAY NO2 OR

f INCIDENCE GATE——

05 SEC

T o WERATOR
e DAY S s

sade sert
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COINC.

2. As a second delay cascaded after
the first delay in time.

3. As a coincidence “and” circuit en-
abling-gate started by the first delay.
Since the gate can be reduced in dura-
tion to 0.5 psec, timing marks of PRF in
excess of 1 Me can be selected.

We believe that this is the first com-
mercially available coincidence system
capable of delay steps below 1 usec in
an analog system.

The fact that this instrument is an
analog generator capable of producing
precise delays should be emphasized, be-
cause only in an analog system can the
delay be produced from a start command
pulse without some sort of gating tran-
sient or quantizationerror. With this new
delay generator, it is also possible to es-
tablish delays with quartz-crystal-oscil-
lator-controlled precision in any time
unit, as in range (yards or miles). The
advantage of this system should be im-
mediately obvious to those working with
radar, with rocks, with water, or with
bats.

Another advantage accruing to the
analog delay-circuit system is that the
delay can be varied by an external con-

ot =——
INPUT TRIGGER] 7§~ [DIRECT SYNC
GENERATOR PULSE SIBECT
GENERATOR e I\

2
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trol voltage. The amplitude comparator
developed for this instrument (and de-
scribed below) has a very high input im-
pedance for the reference voltage and
permits one to inject an external signal
to control the magnitude of the delay
over a decade. This makes the unit a
linear time modulator for the production
of pulse duration modulation, pulse po-
sition modulation, or plain jitter of
known and controlled magnitude over
modulating frequencies ranging from 3 ¢
to 100 ke.

DELAY LINE

Figure 2 shows the circuit system re-
duced to its simplest form. The delay
line is shown connected in one of its four
possible positions in the system. Here it
acts as a 0 to 1-usec vernier on the elec-
tronic portion of the Delay 1 circuit. It
can also be switched to:

1. Act as a first (0 to 1-usec) range to
produce a delay between the direct sync
pulse and the Delay No. 1 sync pulse.

2. Delay by 0 to 1 usec the Delay No.
2 syne pulse (see page 7).

3. Delay directly any waveform ap-
plied to the PRF drive terminals.

__________ ~———— ——————0DELAY LINE FUNCTION
/

DELAY {
SYNC

t»0) DELAY 1
PULSE GEN, SYNC «_k

= ouT

/7
/ /
ps=<Yy—0 DELAY { /
CIRCUITS
| ps - 1sec.

0-jus DELAY LINE

DELAY 1
GATE
OUTPUT

|0 I <=
0=~

Figure 2. Simplified

block diagram.

2 il

o=

I. DELAY 2 PULSE AFTER DIRECT SYNC
2 DELAY 2 PULSE AFTER DELAY { SYNC
3. COINC. PULSE

-

»—0) DELAY
LINE OUTPUT

DELAY 2 DELAY 2
CIRCUITS OR -
O.5ps - 0.5sec. COINC.GATE

DELAY 2
DELAY & <} orcomc
OR COINC. o eons
SYNC PULSE | —L
GENERATOR | =

COINC. DRIVE __T
DRIVE AMP—INV.

GATE
io f=aiOUT,
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(o)
Delay No. 2 SYNC and
SYNC GATE; 10usec/cm;
GATE Delay No. 1 set for
25u

sec

(b)
SYNC Delay No. 1 SYNC and
GATE GATE; 10usec/cm

(c)
Direct and Delay No. 1 SYNC;
0.5/zs delay; 0.1usec/cm

Figure 3. Typical waveforms.

INPUT CIRCUIT

The input circuits comprise a trigger
generator, which will accept almost any
waveform having a peak amplitude of
about 0.3 volt at frequencies ranging
from de to over 300 ke. This circuit pro-
duces a pretrigger, which is fed to the
two independent delay circuits and an
output syne pulse of standard shape,
having a base duration of approximately
0.1 usec, an amplitude of 20 to 25 volts,
positive or negative, and a source im-
pedance of 93 ohms (Figure 3c). The
syne pulses produced by the Delay No. 1
and Delay No. 2 circuits are similar.

DELAY NO. 1 CIRCUIT
Electronic circuits which will produce
accurate, linear, and precisely controlled
delays of less than 1 usec are difficult to
build and even if realizable are very ex-
pensive and complex. The first range, up
to 1 usec, is timed by a Type 1477-J1000

DECEMBER, 1958

delay line. This line has an accurate,
individually calibrated, four-inch dial
graduated in 0.01-usec intervals and pro-
duces a delay between the direct syne
pulse and the Delay No. 1 sync pulse of
0 to 1 usec with an accuracy of =4 0.01
usec.

To produce delays over 1 usec, the
electronic circuits are switched in cas-
cade with the line as shown in Figure 2.
These circuits are shown in some detail
in Figure 4. They comprise a high-speed
bistable gate, a precise linear sweep gen-
erator, an amplitude comparator, and a
reset trigger generator followed by the
Delay No. 1 sync-pulse generating cir-
cuit. When opened by the trigger from
the delay line, the bistable gate starts
the sweep and causes the associated
buffer to produce an output pulse (posi-
tive 5 volts and negative 60 volts),
which marks the delay interval. The
sweep circuit, a highly linear “boot-
strap,” produces a saw tooth whose
slope is determined by the decade range
switch. This sweep of predetermined
slope rises from a minimum of 10 volts
to a maximum of 110 volts. The sweep is
fed to one grid of the amplitude com-
parator, while the reference voltage from
the 10-turn range potentiometer is fed
to the other. When the sweep and refer-
ence voltages are equal, the comparator
triggers and produces a reset pulse for

Sv
| & o/ =t= POS.GATE

GATE
AMPLIFIER | (REAR) 60v TIME
————0 1_=f~ NEG. GATE " )
Y 110
BISTABLE | |_-f= sweer | A CF AND A i REE:
GATE TUBE AND 1 POT.
RESET COMPARATOR
START  STOP CLAMP 10
FROM LINE [ e—— Ty K
Figure 4. Functional ORINFUT ? "
diagram of Delay No. AUTOMATIC RESET LINE =
1 circuits. = et
PULSE AMP
nsfn 1 3
SYNC. DELAY 1
PULSE Gl - SYNC.
MONITOR 3) MONITOR
CIRCUIT LAMP
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the gating bistable multivibrator and at
the same time produces the Delay No. 1
synchronizing pulse. Thus, the loop con-
sisting of the bistable gate, sweep gener-
ator, amplitude comparison circuit, and
resetting circuits assumes a monostable
characteristic.

Stability

Both long-term and short-term sta-
bility of delay has been assured by the
use of precision resistance-capacitance
components to establish the sweep slope;
by the use of highly regulated and filtered
de voltages for the comparison reference
voltage, plate supply, and heater voltage
in the sweep generator and amplitude
comparator; and by careful circuit de-
sign, which minimizes the effects of tube
changes and tube aging on the accuracy
of the circuit (Table I).

Convenience Features

Both sweep and reference grids of the
amplitude comparator are at high im-
pedance, and provision has been made
to permit the superposition of a modu-
lating voltage on the reference voltage.
A jack on the rear panel of the instru-
ment provides for the injection of this
voltage. The low-frequency cutoff of
this coupling network is 3 cycles, while

GENERAL RADIO EXPERIMENTER

the high-frequency performance will, of
course, be determined only by the slope
of the sweep voltage.

Several other features have been pro-
vided to increase the convenience of the
Delay No. 1 circuit group in applica-
tion. A 5-volt positive-gate waveform,
corresponding to the delay interval set,
is available at low impedance from a
coaxial connector on the front panel, so
that the delay interval can be observed
on an oscilloscope over the entire range
of delays where the 0.1-usec sync pulse
may not be visible because of its brief
duration (Figure 3b). This waveform,
with a negative polarity and a 60-volt
magnitude, is provided on the rear panel
to drive auxiliary pulse-generating equip-
ment such as the General Radio Typr
1219-A Pulse Amplifier. In addition to
this gate waveform a neon indicator
lamp monitors the presence of the De-
lay No. 1 syne pulse.

DELAY NO. 2 CIRCUITS
The second group of delay circuits is
identical in principle with the first
(Figure 5). It lacks only the features of
high accuracy and resolution. The delay
reference voltage is provided by a 4"
single-turn potentiometer with a resolu-

5.5
1 BISTABLE SWEEP TUBE / I: AMPLITUDE
— AND COMPARATOR | Ref
START CLAMP
srom
0.50
RESET TRIGGER |~ RESET AMP
i Figure 5. Functional
= diagram of Delay No.
GA";ENDC- F L 3 OR ik ® 2 circuits.
COINC COINC.SYNC SYNC
COINC.STAGE | TRIGGER > §3 PULSE GEN. ° | L our
11 POS.
+ I NO.2
Leb =catE
COINC. DRIVE 0-3v
AMP AND INV.
DELAY
LINE
OUTPUT
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(o)

1002s Timing pulses (to PRF
drive)

Timing pulses (to
COINC drive)

10u:s

(b)
10:sec and 100.:sec timing
pulses

Delay No. 1 GATE, =~ 48usec

§ (c)
Combined time markers

COINC GATE, showing se-
lected pulse. Delay No. 1,
45usec; Delay No.2,~ 10usec
(d)

Timing markers with COINC
pulse ot 50.sec

(e)
Delay No. 2 GATE, =~ 30usec
(Note selected pulses showing.)

(f)

Delay No. 2 SYNC pulses at
Ml 50/:sec, 60usec, 70usec

Figure 6. Coincidence circuit used for multiple pulses.

tion of 1 part in 2,000, and the accuracy
is 39, everywhere over the six decade
ranges from 0.5 usec to 0.5 second.

The action of this circuit can be in-
itiated either by the direct sync pulse or
by the syne pulse of the first delay cir-
cuit, so that the delay is either concur-
rent with the first delay or is initiated
after the first delay interval. It should be
pointed out here that, since the delay
circuits can always be started concur-
rently, the first, more accurate delay
can be used to calibrate the second.

Outputs from the second delay circuit
are similar to those of the first: A 5-volt
positive gate and, marking the end of
the delay interval, a 20-volt 0.1-usec
pulse at 93-ohm impedance level.

When the function switch for the
second delay circuit is in “coincidence”
position,

1. The delay gating -circuits are
started after the Delay No. 1 sync pulse.

2. The Delay No. 2 sync-generating
circuits are connected to be triggered by

DECEMBER, 1958

the action of an “and” circuit.

The “and” circuit requires the simul-
taneous existence of the Delay No. 2
gate and an externally applied pulse to
provide a trigger for the sync circuits.
Photographs of the gate and output sync
pulses are in Figure 6. An over-all photo
of a precision delay-generating system
involving the Type 1392 Time-Delay
Generator and the Tektronix 180-A
Time-Mark Generator, as a source of
crystal-controlled time-coherent syn-
chronizing pulses, is shown in Figure 7.

Since the shortest duration of the De-
lay No. 2 gate has been set at 0.5 usec,
it 1s possible to select a single pulse from
a timing pulse train whose frequency
may be as high as 1.7 Me. Precise 1-usec
steps of delay are easily obtainable using
the Tektronix 180-A as a crystal-con-
trolled time-mark generator. If the gate
produced by the Delay No. 2 circuits is
made longer than the interval between
the timing pulses from the marker gen-
erator, a group of pulses will be produced
at the Delay No. 2 synchronizing-pulse
terminal (Figure 6, (e) and (f)). The
maximum rate at which pulses can be
produced in the burst is to somé extent
determined by the amplitude and rise
time of the trigger pulses provided by
the timing source. The pulses produced
by the Tektronix 180-A, for example,
will typically produce a 200-ke burst.

DELAY LINE CONNECTION

In addition to the delay-line connec-
tion deseribed under Delay No. 1, the
connection shown in Figure 5 makes it
possible to delay the No. 2 syne pulse
produced by coincidence. Thus, with the
combination of a precise coincidence cir-
cuit and the passive line, it is possible to
generate delays up to several hundred
microseconds, accurate to 0.01 usec.
Here, we should inject one word of cau-
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Figure 7. Precision time-generating system, consisting
of the Type 1392-A Time-Delay Generator and the
Tektronix 180-A Time-Mark Generator

tion. Timing generators like the Tek-
tronix 180-A derive their lower fre-
quency outputs by feeding each pulse-
divider circuit from the next higher
order divider. Since the trigger pulse has
a finite and somewhat variable rise time
(depending upon the bandwidth of the
divider involved), there is an accumula-
tion of delay between pulses within the
timing chain. (One possible use for the
coincidence circuit in the Type 1392-A
Time-Delay Generator is, of course, the
removal of this delay.) In order to make
the steps of delay produced by the co-
incidence system exactly correct, some
delay must be inserted in the path of the
high-frequency pulses,” or the error must
"Ule—(.emnl Radio Type 314-S86 0.5 Msec Variable
Delay Line is useful in equalizing these residual delays
%1::\1?:)8;:;3 nl“? I\?f Iﬁ?(x‘ﬂ:l-rl m;xnrfr]:‘r '\f\'l(l.nB(): t]t‘:): )V‘\}:l.ﬂ!?e

B)L_IC:) Line,"” General Radio Experimenter, 31, 7, October,
Yoo,

File Courtesy

be measured and subtracted from the
delay readings.

The delay line connection shown in
Figure 2, in which the 0 to 1-usec line is
connected directly from the input termi-
nal to the line output terminal, is also
useful in many ways. In this case, the
line will pass whatever waveform is
available at the input terminals. This
will, of course, make the input imped-
ance of the instrument equal to the im-
pedance of the line at about the 250-
ohm level. Although the simplified
switching of Figure 2 does not so indi-
cate, the electronic portions of the Typre
1392 are still operative. One use for the
delay line in this connection is to permit
a check on the delay generated in the
input circuits. This delay is nominally
about 0.12 usec between a fast driving
pulse and a direct sync pulse.

THE DELAY NO. 1
AMPLITUDE COMPARATOR

The amplitude comparator used in the
Delay No. 1 circuit is new’ and certainly
useful elsewhere, so it will be deseribed
in some detail. This circuit was designed
primarily for operation at repetition
rates higher than those at which the
comparator described by Holtje® will
operate and for as great a dynamic
range.

In the Type 1392-A, the amplitude
comparator will operate at rates as high
as 300 ke and over a range from 0 to
120 volts. It has the additional advan-
tage of a very high input impedance at
both signal and reference terminals. The
complete circuit is shown in Figure 8. It
is convenient to view the circuit as a
bistable multivibrator (V-1), in which a
differential amplifier (V-2) replaces the
usual shunt-arm resistors of the cross-
coupling network. Tube V-3 is a current
source for V-2 and is only necessary

5Patent applied for.
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when the maximum dynamic range at a
given supply voltage is desired.

The circuit operates in the following
manner: Suppose initially that the signal
voltage is more negative than the refer-
ence voltage, then the current through
the left-hand side of V-2 will be less than
that in the right, and the grid voltage on
V-1, left, will be more positive than V-1,
right. V-1, left, will be on. This situation
will persist until the reference and signal
voltages are equal. At that point, the
grid voltages of V-1 would be equal if it
were not for the fact that V-1 is a bi-
stable using Rq-Rco and the plate re-
sistance, R, of V-2 as cross-coupling
resistors. Hence, at equal grid voltages
on V-2, V-1 will remain stable as in-
itially. Now, as the grid of V-2 is raised
above the reference voltage, V-2, left,
conducts more heavily and, by the differ-
ential connection of V-2, V-2, right, con-
ducts less heavily. At low frequencies
the gain to the bistable grids is’:

R,

R i e
. Tpr_) + Rc

and only a sufficient voltage needs to ap-
pear on the bistable grids to cause the
bistable circuit to switch. The increase
in grid voltage on V-1, right, reduces the
amount by which this tube is below cut-
off while the decreasing voltage on the
left-hand grid of V-1 increases its plate
voltage by the gain of this side of the
flip-flop tube. It is therefore the left-
hand side of the bistable going off which
primarily contributes to the switching
action.

The hysteresis which the circuit ex-
hibits at the grid of the differential sec-
tion is controlled by the magnitude of
the excess grid voltage of the off flip-flop
tube. This quantity is determined by

5\7‘3119}' and Wallman, *‘‘Vacuum-Tube Amplifiers,”
Radiation Laboratory Series, Number 18, McGraw-Hill
Book Co., 1948.
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the current in the differential amplifier
and, since this current is set by V-3, a
well-stabilized stage, only very small
excess voltages need be tolerated. Typi-
cal values of hysteresis for the circuit
shown in Figure 8 are 10 to 100 mv.

An additional advantage of this cir-
cuit over a single-ended design is ap-
parent at this point. The circuit is bal-
anced with respect to changes in plate
current caused by heater voltage fluctua-
tions. Drift of the trigger voltage with
line-voltage changes is reduced by about
an order of magnitude over more con-
ventional single-ended designs.

The action of the circuit at high fre-
quencies is more complex than that de-
scribed above. Space will not permit a
detailed analysis here, but the limits on
performance are clear. The cross-cou-
pling capacitors will cause the loading
of the differential amplifier to increase
until, at very high frequencies, the
load will be the plate load resistors, R,
and the stray capacitances. Comparators
for the megacycle range must be built
with a differential amplifier capable of
attaining high ¢, and will, of course,
have lessened sensitivity.

Figure 8. Functional schematic diagram of the ampli-
tude comparator.
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For high-frequency operation, over-

shoots of the grid waveform due to the
flip-flop switching action should be
eliminated both by reduction of the
cross-coupling capacitors and by the
application of positive and negative grid
clamps. In the unit designed for the
Type 1392-A, the flip-flop does not draw
grid current, so only a negative clamp is
used and, since the input waveform is
unidirectional, only one clamp is neces-
sary to improve recovery time.

Some characteristics of the compara-
tor used in the Time-Delay Generator
are shown in Table I. The hysteresis of
this unit is of the order of 0.1 volt.
The differential amplifier is heated with
regulated de both to minimize drift with
changing line voltage and to reduce the
hum-jitter in the delayed signal. The
presence of the de reduces the effects of
209, of variation in line voltage to an
error in delay of 1 part in 10,000 and aids
in attaining the specified jitter figure of
1 part in 30,000 at the worst. (Jitters
lower than 1 part in 100,000 have been
observed.) On the 1 to 11 msec range,
the Type 1392-A has exhibited an ab-
solute accuracy of delay of better than
0.19, over periods in excess of a week in
continuous operation.
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APPLICATIONS

The Typre 1392-A can be applied any-
where that accurate delays are desired,
either for the precise measurement of
delay or for its generation. Its range of
available delay plus the fact that it can
be triggered by almost any sort of signal
should make it an acceptable range cali-
brator for radar, sonar, and radio navi-
gation systems. The ease with which the
time of occurrence of the Delay No. 1
sync can be modulated renders it an
ideal device for the simulation of a
“noisy”’ target. The longer ranges of
delay and the presence of the second de-
lay with its associated gate signal should
make the Typre 1392-A a very useful tool
for physiological nerve-transmission
studies.

The use of the coincidence circuitry
has been described in detail in connec-
tion with the processing of coherent sig-
nals. This system has another entire
field of application in processing signals
which are not coherent. Counting, time-
vernier measurements, and the produc-
tion of partial coherence between other-
wise incoherent signals are examples of
these applications. In the latter applica-
tion, for example, coherent tone bursts
in the megacycle range have been timed

TABLE |

TEST CONDITIONS

'\ ERROR AT 5 msec DELAY

(1) Temperature transient.

005%/° C.

(2) Changing sweep generating and
clamping tube, two tubes selected
for average deviation among 25 lot.

0.159, (worst tube .45%,)

(3) Changing amplitude comparator bi-
stable tube. Average deviation in 10
tubes selected at random.

.24, (worst tube 0.3%)

(4) Changing amplitude comparator
tube. Average deviation among 10
tubes selected at random.

A79, (worst tube 0.9%,)

i | File Courtesy of GRWiki.org
| |
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by feeding the high frequency desired
within the burst to the coincidence drive
terminals and the burst recurrence rate
signal to the PRF drive terminals.
Specific uses are:

1. Calibration and precision sweep
delay for oscilloscopes.

2. Radar target simulator.
Sonar target simulator.
Loran received pulse simulator.
Geophysical echo simulator.
). Precision pulse timer — used with
GR Type 1219-A Pulse Amplifier.

7. Delay and gate simulator for use
with electronic computing systems —
used with Tektronix 180-A Time-Mark

00

~

DECEMBER, 1958

Generator to produce jitter-free pulses
of crystal-controlled accuracy for any of
above applications.
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SPECIFICATIONS

INPUT SYSTEM
Input Signal:
Sine Wave, 0.1 volt rms.
Square Wave, 0.3 volt, peak-to-peak.
Pulse (negative or positive), 1 volt peak.
Ac or de, input trigger threshold control
provided.
Frequency: dc to over 300 ke.
Time Delay (Input to direct sync): 0.12 +0.02 usec.
Direct Sync Pulse:
Amplitude, 15 volts or more, positive or
negative.
Duration, 0.13 &4 .02 usec.
Impedance, 93 ohms or less.
DELAY NO. 1
Delay Range: 0-1.1 sec in seven ranges.
Accuracy: 1 psec-1.1 sec range, =419, of dial
reading; 0-1 wpsec range, £0.01 psec.
Stablity: Jitter, 1:30,000 at worst

Drift, 1:10,000 with 209 line varia-
tions
Resolution: 0-1 usec, 0.004 usec
1 psee, 1 see 1:8800
Duty Ratio Effects: Less than dial accuracy to
60 %

59, at duty ratio of 809,
Delay One Sync:
Duration, 0.1 40.2 usec
Amplitude, 25 volts or more, positive or
negative

Impedance, 93-ohm output impedance
Monitor L.unp
Max. PRF, 0-1 usec range, 300 kc;

1 psec-1.1 sec range, 250 ke (at

DELAY NO. 2 OR COINCIDENCE CIRCUIT

Range: 0.5 usec to 0.5 see (six decade ranges).
Accuracy: +39; of dial reading.
Stability: Jitter, 1:20,000
Line Drift, 1:5000 for 209,
change
Resolution: 1:2,000
Delay Two Sync:
0.13 usec £0.02 usec
20 volts or more, positive or negative
93 ohms
Monitor Lamp

line

Duty Ratio Effects: [ull scale, less than dial
aceuracy at 609 duty ratio; bottom of scale,
less than dial accuracy at 209, duty ratio.
Maximum PRF, 300 ke.

Coincidence:

Input, positive or negative pulse, 5 volts or
over

Input frequency, 1 cps to 1.7 Me (for single
pulse selection)

Input pulse rise time, .1 psec or less at 5v.
Power Supply: 105 to 125 (or 210 to 250) volts,
50-60 cycles, 180 watts at 115 volts. Power re-
ceptacle will accept either 2-wire (Type CAP-
35) or 3-wire (Type CAP-15) Power Cord.
Two-wire cord supplied.

Dimensions: 9 x 19 x 12 inches (rack mount).

Accessories Supplied: l‘vp(* CAP-35 Power Cord;
spare fuses; test lead; 4 Type 874-C58 Cable
Connectors.

1 psec). Net Weight: 35 pounds.
Type Code Word Price
1392-AM Bench Model. ....ccveseossncnsccsscassasee ENTRY $985.00
1392-AR Relay-Rack Model........covvvvvnnnnninnnnn EXTOL 985.00

U. S. Patent No. 2,548,457.
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2-WEEK DELIVERY ON ALL GENERAL RADIO MONITORS
FCC Type Approved

The Type 1184-A Television Station Monitor.

With the continuing trend to higher
technical standards in broadcasting, a
monitor that barely meets today's re-
quirements is likely to become obsolete
too soon to give good value. General
Radio Monitors are designed beyond
mere legal minimum requirements for

today’s use. Thus protected against
arly obsolescence, these new instru-
ments promise long-term value that far
outweighs initial cost consideration.

Now is an excellent time for stations
which have moved or anticipate moving
or modernizing to purchase monitoring
equipment.

General Radio Monitors express a
wholly new concept in mechanical de-
sign that gives convenience never before
attained in an instrument of this type.
Every operation in the installation, use,
and maintenance of these new monitors
:an be handled from the front. You
never need to go behind the instrument
rack. The monitor slides out and tilts
forward and access to
and adjustments. Chassis pin
jacks permit a rapid check of current
and voltage at critical points in the
circuit. The unique chassis marking is
so comprehensive that most mainte-
nance can be performed without need for
an instruction book or a circuit diagram.

back for easy
tubes

FCC Type

Approval Code
Type Number Word Price
1184-A-A | Television Transmitter Monitor — Channels 2-13......... | 3-105 GIANT | $3200.00
1184-A-A | Television Transmitter Monitor = Channels 14-83......... 3-105 GIANT 3450.00
1181-BT TV Color-Subcarrier Monitor. . .......covivviniiiirnnanne not required, MAJOR 1025.00
1181-B AM Frequency Deviation Monitor. .. .......oovvnveennnnn 3-106 MALAY 1025.00
1931-B Amplitude-Modulation Monitor. . ....covvuuvieiiriiienns 3-107 \ TARRY 625.00

CHOICE OF PANEL FINISH

General Radio Black Crackle is standard. Qther standard finishes to mateh transmitter equipment can also be sup-

plied.

General Radio Company
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