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Holrje, M. c., H. P. Hall - A High-Precision
Impedance Comparator (April, 1956)

Lamson, H. W., I. G. Easton - A New Ap­
proach to Audio Frequency Impedance
Measurements (July, 1955)

Lewis, F. D., R. M. Frazier - A New Type of
Variable Delay Line (October, 1956)

Lewis, F. D., R. W. Frank - A High-Precision
Calibrator for Frequency and Time (June,
1956)

McElroy, P. K. - A Calibrator for Aircraft Fuel
Gages (September, 1955) - The Design of
Iron-Cored Chokes Carrying Direcr Current
(March, 1957)

O'Brien, B., R. A. Sodetman - A Low-Cost
Microwave Signal Source (March, 1956)

Olsen, S. A. - Phase Monitoring System
(September, 1955)

Peterson, A. P. G. - Response of Peak Volt­
meters to Random Noise (December, 1956)

Powers, P. W. - An Ingredient of Qualiry
(January, 1956)

Soderman, R. A. - New R-F Bridge Features
Small Size and Added Operaring Convenience



(June, 1955)
Soderman, R. A., B. O'Brien - A Low-Cost

Microwave Signal Source (March, 1956)
Smiley, G. - New "50' Size Variacs - Types

W50 and W50H (April, 1957) - Variac®Ratings
Vs. Duty Cycle (November, 1956)

Thurston, W. R. - The Measurement of Cable
Characteristics (May, 1957)

Tuttle, W. N. - New Models of the 'Stripped­
Down" Variac® Speed Controls (January,
1956) - New Variac®Speed Controls in 1 and
IX hp Ratings (October, 1955)

Unsigned -
A 120-Cycle Source fot Electrolytic Capaci­
tor Testing with the Capacitance Test Bridge
(August, 1956) ~

A 400- Cycle Variac""wirh 20-Ampere Rating
(J anuary, 1957)
A Convenient Test Fixture for Small Capaci­

tors (October, 1955)
A Regulated Power Supply For Unit Instru­
ments (July, 1955)
A Stability Record - Standard Inductors (May,

1957)
An Engineer's Company (May, 1957)
Automatic Data Displ,ay (December, 1956)
Capacitance Bridge Assembly for Measure­
ments at One Megacycle (February, 1957)
Correction - Type 1219-A Unit Pulse Ampli­
fier (September, 1955)
Decade Capacitors with Mica and Paper
Dielectrics (July, 1956)
H. B. Richmond, Chairman, Honored (May,
1956)
High Power with Low Distortion (January,
1956)
Improved Unit Crystal Oscillator Now Avail-
able (September, 1955)
More New Coaxial Parts (September, 1955)

More New Variacs (May, 1956)
Motor Drives for W-Series Variacs (August,
1956)
New Coaxial Elements (August, 1955)
New Coaxial Elements, Attenuators, Filters,
Line Stretchers, Detectors, Adaptors (April,
1956)
New Coaxial Parts (September, 1955)
New Decade Capacitors with Polystyrene
Dielectric (July, 1956)
New Distributor for Israel (July, 1955)
New GR Office at Los Altos for San Francis­
co Bay Area (February, 1957)
New Philadelphia Office (July, 1955)
Other Branch Office Changes (July, 1955)
Presidents - Old and New (May, 1956)
Recorder Coupling for the Beat Frequency
Audio Generator (July, 1956)
Regulated Power Supply for Unit Instruments
(July, 1955)
San Francisco Office (February, 1957)
Some Bullet! (November, 1955)
Sweep Drives - Automatic Data Display
(Decembet, 1956)
The Sound-Survey Meter as a Transfer Stan­
dard (April, 1957)
The Type W5 Variac® - A New and Bener
Variable Autotransformer (December, 1955)
Three-Wire Power Cord (February, 1957)
Variable Current Load Variac® as a Means of
Providing Constant-Power Factor (November,
1955)
Variacs in Three-Phase Delta Circuits (Octo­
ber, 1955)

Wilson, H. M. - Type 1420 Vatiable Air Capaci­
tor (July, 1956)

Woodward, C. A. Jr. - The New Type 1800-B
Vacuum-Tube Voltmeter - Stable and Accurate
(September, 1956)
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NEW MODELS OF THE "STRIPPED-DOWN"

VARIAC® SPEED CONTROLS

r/t.t6 I NTH I SIS SUE
Pa{Je

A TUNED FILTER FOR USE IN CA­

PACITAKCE :MEASUREi\IENTS AT 1
Me. 4

AN INGREDIENT' Oi<' QUALITY. . 6
HIGH POWER WITH Low DISTOR-

Enclosed models of the so-called
"stripped-down" VARIAC® Speed
Controls are nQ\V available in ~, :Y;1,
and YB-hp si7.es, TYPES 1702-BW, 1700­
CW and 1703-BW, respectively, in
addition to the 1 and I Y2-hp ratings,'
TYPES 1704-BW and 1705-BW, an­
noun~ed in October, 1955. Variac Speed
Controls operate from the a-c power
line to control shunt and compound
d-c motors.

Earlier models in these ratings were
supplied without cabinet or braking

TIO.1\" .

:YI:1SCELLANY.

i
i

resistor, primarily for machine manu­
facturers. Even when the unit was
incorporated in a machine cabinet,
however, a covering was often needed
to protect the equipment 01' the opera­
tor. The dynamic braking feature has
proved so generally desirable that the
necessary resistor is now included in
the standard chaBsis. As now supplied
these controls are complete except for
the switching necessary for starting,
stopping and reversing, and for the
fuses and line cutout switch. The latter
may frequently be the main switch
to the machine and may control other
circuits also.

The appearancc of the ncw controls
with covers in place is shown in Figure
1. A new hammertone gray finish is
employed throughout. The covers have
ventilating holes at the bottom and
louvres at the sides, and are removable
from the front. Since access to the

Figure 1. View of the three new models; at left, Type
1702-BW, % hp; center, Type 1700.CW, % hp; and right,

Type 1703-BW, 1ft,
hp.
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cabinets is required only for servicing,
they may be placed in any location
where there is adequate circulation of
air. The depth has been kept as shallow
as possible in all cases. The VARIAC
and control switches are usually
mounted by the user on a single panel.

Circuits

These controls are offered for users
who want switching arrangements dif­
ferent from those in the standard com­
plete controls or who do not have
room for the cabinet at the operator's
position and wish to separate it from
the 511'itches and VARIAC. Various
circuit arrangements to meet particular
requirements arc described in the op­
erating instructions for the different
models of the controls. Some of these
will be rcvicwed briefly here.

3-Position Switch

The availability of suitable switches
and relays in the various ratings de­
termines to some extent the choice
of circuit. For example, the ft9pliance-

type switch supplied in the TYPE
1700-B and TYPE 1702-A controls has
enough contacts to break the a-c and
d-c circuits simultaneously and also
to handle reversing and dynamic brak­
ing. An important safety feature is
that the lever can not be thrown di­
rectly from forward to reverse but
must be held momentarily in the inter­
mediate stop position. The standard
connections for this switch are shown
in Figure 2.

Drum Controller

The appliance-type switch is not
particularly suitable for machine-shop
production work, and the higher cost of
a drum controller, as used ,dth the
larger Variac Speed Controls, may be
justified for heavy duty of this kind.
'Ve have several installations of drum
controllers in our own plant. Connec­
tions are the same as those given in
Figure 2 for the appliance switch except
that extra series contacts are provided
in both the a-c and d-e portions of the
cin:uit.

F:gure 2. Connettions for
three-position oppliance­

ty~e swath.

115V.
60<

LINE
SWITCH

BRAKING

r-,-,,-..,---,7i./RESI STOR

ARMATURE

SERIES
FIELD

SHUNT
FIELD

115V
60<

II

SERIES
FIELD

S>UH
FIELD

Figure J. Connections for stort­
51ap switch, used when revers­

ing is not req~ired.
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Figure 4. Connections for
jogging button. ll!:i'/.

60,
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ARMATURE

SERIES
fiELD

SHUNT
FiELD

Start-Stop Switch

In some applications reversing IS

never rCf}uil'cd, and a DPDT toggle
switch can be used for starting and
stopping with dynamic braking. The
diagram is 8ho""11 in Figure 3. A jogging
button can be added as shown in Figure
4, the braking circuits of the s\yitch
and button being in series and the
power connections in parallel.

A limit switch of the manual-re­
setting, snap-acting type can be used
with a relay in the circuit of Figure 3 to
stop a machine at a predetermined
point. This switch will stay in thc off
position while the machine is set up for
the next operation, and the reset but.­
tOil can be used for restarting. If dy­
namic braking is not required, the relay
can be omitted and thc limit switch
inserted directly in the a-c input line.
An arrangement of this kind is used on
the machines that \\·ind General Radio
YARTACS. Controls of % hp and lower
ratings are controlled directly by the
limit switch, and the larger controls
through a relay.

Push Buttons

The use of standard reversing con­
tactol'S is straightforward where the
additional cost is justified. A less­
expensive circuit is available 2 for push­
button operation using two 4PDT re-

lays, but the rating is limited to controls
of Y6 hp and below.

The new "stripped-down" models
should greatly increase the flexibility
of application of Variac Speed Con­
trols, making the entire line from 715 hp
to lY2 hp available either with or
without s\\-itching. All types have been
in demand to meet the C\"CI'-gl'owing
list of applications. Characteristics
which have proved most important in
making the contl'ols sliccessful have
been the simple, long-life construction,
reduced maintenance requirements,
heavy overload capal'ity for fast and
repeated starting, low torque pulsation,
and the smoothly controlled torque
available for starting delicate opera­
tions.

A user of these controls commented
at the recent Chicago Exposition of
Power and 1\1echanical Engineering
that the Variac Speed Control is "a
masterpiece of simplicity and essenti­
ally service frec."

The appliance-type switch and the
drum controller mentioned in this arti­
cle are available from the General
Radio Company, as listed below.

- W. "\". T"'I'1'LE

I W. N. Tuttle... Ne...· Variae@ Speed Controls in I and
1j.S hp Ratingll:' Gtnn-al Radio E.rprrimen(" 30 5
October 195-4, pp. 1-4. ' , .
2 Described in Operating lIUllruction5 for THE: 1703-BW
Variac Speed Control.
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SPECIFICATIONS

Type 1703-BW Type 1700-CW Type 1702-BW

~IOl.Or Hon;epo....er Ran~: '.,D lO Ye Ii and }i ~aod~

Po"'et Supply Volta 115 115 "'Single-Phase Full-lood

I
Amperes 2.2 5 10

Line·Voltage At 00 Cyclell 105-125 105--125 105--125
Limits At.50 C~'cll'l! 105-125 Note 2

---InjJut Power FullI..oad 325 '00

I
1150

Watts Stll.nd-b~' 30 38 Il5
:\lotQr Armature AmllerfS 1.5 3 6.'
Coutrol Volta 0-115 0-115 0-115
Output DC

Amperes 0.2 0.4 0.4
"'ield Volta "' 66 .. "' I 75

115 75
Spet'a range 0'. 0,. 000 0'. 0,. 0<. 000

~,.. I." ~.... 1~ rated ~ .... 1.15 raled ~,.. 1.15 rated

D~'llamie
Brakiq Reaialor FurnishedBraking

Armature Onrload Protf'CtiQll Kone Furnished
Control Station Variac rurnished; Switching to be Provided by VlIer

Over-all Chassis nix IOU X3M 9~ x 12% X.5 IPi X 15U X 5}i
Dimcnsions in inches Variac 3I{X31\1sX4~ 4M X 41~ X 5)1 5~ X 6X: X 5}i
Net Weight Chassis 4)1

I
17 27)1

in Pounds Variac 3)1 6M ll!i
Code Word SABOT SALTY SATIN---

Prices, Net I to 4 ullits $72.00 eo. $135.00 eo. $195.00 ea.

F.O.B. Factor~' 15 to 19 units 68.50

I
122.00 177.50

120 ullits and

"' 65.50 116.00 170.00

MOTORS FOR USE WITH ABOVE SPEED CONTROLS (Note 1)
Motor ratings: open, drip-proof. re\"l'f'lIible. I C<lmpound ....ith
4O"'C rise continuous. horizontal. ril!:id base Com........ Compound inlerpo1es

General Radio Designation MOD-II :\100-3 :\IOD~

Horsepower Ji li Ii
Speed (RI':\I) li25 1725 1i25
l.earls (brought OlIt separa.lely, 6 6 ,
Bearings Sleevc Slcc\'c Slee\'e
Frame Sill' F-56 If-56 If-56
Net Weight POllllds " 30 00
Code Word (Note 3) MOTOR· :\1QTOR" MOTOR"
Price $52.50 $59.00 $100.00

• • T· -1\ote l. Ally motor Ithln control rallllg can be used. Compound molors ror use nh } lie 1,03 B\\ must ha\ e 5ellarate serIes field leads.
t'ote 2. 5O-eycle model available on special order.
:\otc 3. To order Illot.or with Variac Speed C<lntro!. add motor to the code "'ord oftheCOfresponding speed comrol; thus SATI~ MOTon

is the code word ror the TYPE 1'02-B\\' Variac Speed Control with MOD-6 motor. Motors llre IIOl 1IOid separately.

'l'ype CodeWord Price

1702·P2
1705-P1

Switch .•..............•...•....•...•..••
Drum Controller ..••...•..•••••••......•••

FLlI'O
I)RU~IO

$ 6.00
22.00

USE IN CAPACITANCE

ONE MEGACYCLE

A TUNED FILTER FOR

MEASUREMENTS AT

Figure 1. View of the Type 1212·P2 1.MegQcycie Filter.

The TYPE 716-CS I Capacitance
Bridge,! which operates at a frequency
of one megacycle per second, is well
suited to the measurement of small
capacitors, such as the disc-ceramic
type. and low-loss dielectrics. To realize
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Equipment for 1-mc capacitance measurements.
The generator is the Type 1330-A Bridge Oscilla­
tor, the bridge the Type 716-CS1 Capacitance
Bridge. The null detector (Type 1212-A) is shown
at the right. The filter shown is the experimental
model; the Type 1212-P2 plugs into the detector

in the same way.

The resonant frequency of the filter
is affected but slightly by the setting of
the bridge, and a single tuning adjust­
ment suffices for all bridge settings.
If the filter is tuned for the 100 MMf
bridge setting, the net sensitivity ac­
tually increases for higher capacitance
values, because the decreasing output
impedance of the bridge causes enough
increase of inherent sensitivity to more
than compensate for the slight de­
tuning of the filter.

The filter plugs directly into the
input terminals of the TYPE 1212-.'1.
unit Xull Detector through TYPE 874
Coaxial Connectors, which provide
complete shielding. - Jh:"RY P. HALL

-17 db

1000 J.lJ.lf
32 db

Unknown Capacitor. 100 Jl,Jl,f

I nsert.ion Gain 1 ::\lc. . 22 db
Reltltive 2nd Harmonic

Rejection. 39 db

5

the full precisIOn of which the bridge
is capable, however, the null detector
should be prO\·ided ,,·ith a filter to
reduce the magnitude of harmonies
and noise. An experimental filter was il­
lustrated in a previous article. 2

The commercial version of this filter
is now a\-ailabJe and is shown in Figure
I. This cOl1ycnient plug-in unit, the
TYPE 1212-P2 I-megacycle Filter, when
used with the Typ>; J212-A Unit C\Tull
Detector, results in high selectivity
against harmonics and noise and also
provides considerably increased sensi­
tivity. These features arc particularly
important for dissipation-factor meas­
urements on low-loss capacitors. "Then
this combination is used with the TYPE

710-C81 Capacitance Bridge and the
TYPE 1330-.'1. Bridge Oscillator,' the dis­
sipation factor balance can be set to a
precision of .00002, or y, of tbe smallest
dial division.

Figure 2 is a schematic diagram of
the filter. The LC ladder section pro­
vides insertion gain at 1 Me and at­
tenuation at higher frequencies. The
bridge output impedance is capacitive
(in the normnl oscillator-detector con­
nection) so that there are effectively
two R-C ladder sections for low fre­
quency rejection. Gain and reject.ion
figures for a typical filter are:
I Ivan C. Easton. ,. 0\ 1~:\I~cycle Schcring Bridge,"
Gmtrnl RadIo Ezpni~f1Ur. XXVI, 9, February, 1952,
pr..4-8.
, . A Convcnient Test Fixture for Smail Capacitors."
Gnu>ral Radio Ezpcn-m.enlrr. 30, 4. September, 1955,

PJf'h:-~:"PE 1211~ ..\ Unit Oscillator with the TnF; 1203-0\
Unit. Power Supply is C(Jually satisfactory.

SPECIFICAliONS
Dimensions: 2" diameter, 5" long.Net Weight:

'l'fJ]J(, Code Word Price

1212-P2 One-Megacycle Filter .. , "" 4.NNUL $30.00

OOTPUT CAPACITANCE OF
TYPE 7l6-CSl

CAPACITANCE BRIDGE

figure 2. Schematic
diagram of the filter

circuit.

,r+1 •
INPUT OF

TYPE 1212·A
UNIT NULL
DETECTOR
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DIELECTRIC MEASUREMENTS

This filter is particularly useful in
the measurement of dissipation factor

of low-loss dielectrics at one mega­
cycle. Complete equipment for the
measurement comprises:

Type CodeWord Price

716-CMS1
1330-A
1212-A
1203-A
1212-P2
1690-A

Copocitonce Bridge*.........•....•.......
Bridge Oscillotor........•.•••..•.•..•....
Unit Null Detector .......•.•......•...•...
Unit Power Supply ............•.•.•.••••••
One-Megocyde Filter .............•...••..
Dielectric Sample Holder .........••..••..•

BOGEY
ACORN

ALACK
ALIVE
AN""UI.,
l.OYAl.

$640.00
525.00
145.00
40.00
30.00

435.00

the Type 1691-A Capacitance Test Fix­
ture should be substituted for the
Dielectric Sample Holder.

*A relay-rack model is also available.

CAPACITOR MEASUREMENTS

When small capacitors with closely
spaced parallel leads are to be measured,

Type

1691-A I Copacitonce Test Fixture ...........•••....

Code Word

EDJC'I'

Price

$22.50

AN INGREDIENT OF QUALITY

To the manufacturer of precision
instruments, the search for improve­
ment in product quality is never ended.
K ot only in engineering development
and design, but also in manufacturing
methods and material, a constant at­
tention to detail has proved over the
years to be a basic ingredient of qual­
ity.

To illustrate the point, it was back
in the early part of 1947 that growing
dissatisfaction at General lladio with
instrument cables culminated in a
specific project to develop methods for
improving the appearance of this com­
ponent. For many years, the trunk and
subsidiary cables, which carry the
major wiring of an instrument, had
been hand laced with armature twine.
Though functionally these cablcs werc
perfectly acceptahle, esthetically they
seemed to add little to thc appearance
of an instrument.

At this time, on multiple-stralld,
straight-through cables, braided cover­
ings of various materials were quite
common. But unfortunately, to braid
a cable with many diverging arms of
various lengths, different diameters,
and of any configuration needed, and
to do it uniformly, repetitively, and
economically all called fol' quite a
different application of existing braid­
ing machinery and methods.

.:Jevcrtheless, late in 1947, for experi­
mental purposes, a conventional braid­
ing machine was purchased. ~![odiGca­

tions proceeded, and during the months
which followed, trial and error gradually
accumulated into a practicable method.
The machine, and, of course, subsequent
units, were suitably mounted, equipped
with Variac® Speed Controls, and modi­
fied with special movable stops on the
main drive wheel. Cotton, rayon, and
nylon thread were in turn tested, with
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nylon 111 the end proving the superior
material, not only for its ability to
wrap tightly and uniformly around any
diameter, but also for its non-hygro­
scopic quality, which insures against
trapping moisture within the cable.

Since mid-1948 when production of
nylon-braided cables was first begun
for a few new instruments, nearly all
G R equipment has now incorporated
this improved component. And, too,
with the increasing quantities and
further refinements in methods and

JANUARY, 195. ~

equipment, it is interesting to note
that, although the initial desire was
for enhanced appearance and quality,
a parallel and unexpected result has
been a welcome 40% reduction in labor
cost in the improved braided cahle.

Of course, a cable is only one com­
ponent, one detail, among hundreds or
even thousands in an instrument. But
constant attention to these details, both
in engineering and manufacturing, helps
to build quality into General Radio in­
struments. - P. W. POWEllS

HIGH POWER WITH LOW DISTORTION

The General Radio TYPE 942-A Out­
put Transformer 1 is designed to meet
the exacting requirements of high­
power, low-distortion audio amplifiers.
A typical application is the Model
PFB-150WD Power Amplifier manu­
factured by Gotham Audio Develop­
ment Corporation, and shown in the
accompanying photographs. Manufac­
turers' specifications for this amplifier
indicate a continuous rating of 150
watts output at less than 0.7"{, har­
monic distortion and less than 1%
intermodulation distortion. Complete
specifications can be obtained from
the manufacturer at 2 West 46 Street,
New York 36.

, H. W. Lamson, .. A High-Power Toroidal Output Trans-­
former," Gf'ncal Radio E::perime1l1er, XXVI, 6, Novern­
bf'r. 1951, pp. 5-8.

Front and rear views of the Gotham PFB-l SO WD.
The Type 942-A Output Transformer is shown at

the top center of the rear view.

MISCELLANY

During the past few months we have
welcomed visits from many friends
from overseas.
Among these are:

\V. :IVI. Ferris, Director, Ferris Bros.
Pty. Ltd., Sydney, Australia.

Tan Chan, Dean and Acting Presi­
dent, and Liau-'I'sung Lin, Instructor,
Taiwan College of Engineering, Tai­
wan, Formosa-China.

Knud Blendstrup, Instructor, Elek­
troteknisk Laboratory, Polyteknisk
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Laerar:.2talt, Copenhagen, Denmark.

S. W. Gough, Manager, Physical
Research Division, Dunlop Research
Center, Birmingham; Dr. George L.
Grisdalc, Chief of Communication Re­
search Group, and R. E. Burnett,
~1arconi's \-\Tireless Telegraph Com­
pany, Ltd., London; and E. R. Pons­
ford, Production lVlanager and Engi­
neer, Solartron Electronic Group, Ltd.,
Surrey, England.

L. Bignon, Regul-Francc, Paris.
V. Balasubramanyam, Research En­

gineer, All India Radio, Bombay.

MID-WINTER EXHIBITS

General Badio products will be on
display at two mid-winter meetings. If
you are attending either of these, we
extend to you a cordial invitation to
visit the GR booth. General H.adio engi­
neers will be in attendance to discuss
your measurement problems.

NeJIo Meoni, President, and lng. :IVL
Federici, Consultant, LESA Company,
IVlilan; and lng. A. Beltrami, Professor,
Head of Institute, Instituto Radiotec­
niea, Milan, Italy.

Tomizo Ariska, Th1idoriya Electric
Company, Tokyo; Y. "\Tozaka, Chief of
Automatic Control and Special Instru­
ments, Yawata Iron & Steel Company,
Ltd, Fukuoka, Japan.

M. Gruenberg, Business Manager,
Etabilissement Mehmet Vasfi, Istan­
bul, distributors of General Radio pro­
ducts in Turkey.

American Institute of Physics
25th Anniversary Meeting and Exhibit

Hotel New Yorker, New York, N. Y.
January 30 to February 4

Booth 22

Eighth Annual Southwestern Regional IRE Con­
ference and Electronics Show

Municipal Auditorium
Oklahoma City, Oklahoma

February 9 to 11
Booths 84 and 85

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YOJtK

90 WEST STREET

TEL.-WOrth 4.2722

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820

LOS ANGELES 38. CALIFORNIA
1000 NOR,TH SEWARD STREET

TEL.-HOllywoad 9.6201

SILVER SPRING, MARYLAND
8055 13th STREET

TEL.-JUniper 5-1088

PHILADELPHIA OFFICE

1150 YORK ROAD
ABINGTON, PENNSYLVANIA

TEL.-HAncack 4.7419

REPAIR SERVICES
WEST COAST

WESTERN INSTRUMENT CO.
826 NORTH VICTORY BOULEVARD

BURBANK, CALIFORNIA
TEL.-Vlctoria 9-3013

CANADA

BAYLY ENGINEERING, LTD
FIRST STREET

AJAX, ONTARIO
TEL._Toronto EMpire 8-6866



PRICE CORRECTION

Prices for Variac Speed Controls are
incorrectly listed in the January, 1956 issue of the
General Radio Experimenter.

Correct prices are as follows:

Type

1703-BW

1700-CW

1702-BW

Quantity Unit Price

1-4 units $85.00
5-19 82.50

20 and up 80.00

1-4 units $145.00
5-19 141.50

20 and up 138.00

1-4 units $205.00
5-19 196.00

20 and up 187.00

GENERAL RADIO COMPANY
CAMBRIDGE. MASSACHUSETTS. U.S.A.
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THE MEASUREMENT OF IMPACT NOISE

l\1any of the everyday noises that ,YC

heal' arc impq,ct noises. They range in
intensity from the Htick-tock" of a
wateh to the tremendous crash of a huge
drop hammer. In the industrial plant
impact noises are produced by ham­
mers, ri,-cters, chippers, and punch
presses; and in the office, by type­
writers and business machines of vari­
ous sorts. A related class of noise is
explosive noise as in gun fire or even the
repeated explosions of gasoline engines
in autos and trucks. 'fa industry, somo
of these noises can be a serious problem,
part,irularly t.hose produced by large
drop hammel's, because of the possible
hearing Joss that can result from COI1-

tinued exposure to the noise.' This
problem has led to considerable re­
search in the fields of hearing damage
from noise, of noise reduction

J
and of

noise measurement.
Xoise measurements with sound­

Im'el meters and spectrum analyzers
arc inadequate for evaluating impact
noise. A cathode-ray oscillograph can
be used to study this type of noise, but
the measuremcnt is so complicated that
it is performed mainly in the research
laboratory.

A new instrument, the TYPE 155G-A

I Subcommittee Z24-X-2... The Helatioll of lIearinlt 1..<ll!3
W :\'oise ExJ}OSurc," American Standanb AllSOCiation,
New York, HISI, I), 49,

Figure 1 (Ieh'. Oscillogram of noise from a single strike of a punch press doing a simple forming opera­
tion. The time scale along the horizontal axis is 10 milliseconds per division. The instCintaneous sound

pressure is displayed on the vertical axis, and the peak level recorded is 120 db re 0.002 microbar.

Figure 2 (cettler}. Oscillograms of noise from two separate handclaps. The time scale along the hori­
zontal axis is 2 milliseconds per division.

Figure 3 (right'. Oscillogram of noise from a small drop hammer. The time scale alon,3 the horizontal
axis is 10 milliseconds per scale division.
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Impact K oise Analyzer, shown in Fig­
ure 4, has been recently developed to
simplify these measurements. This in­
strument is an accessory for a sound­
level meter, and it can be used to meas­
ure certain signifieant eharacteristics
of an impact noise. It is also useful as
an accessory for spectrum analyzers,
such as the TYPE 1550-A Octave Band
Koise Analy~er, for magnetic tape re­
corders and for the TYPE 761-A Vibra­
tion n.1eter.

'The considerations underlying the
design, operation, and application of
this new instrument will be better
understood if we consider first some of
the characteristics of impact noises.

Characteristics of Impact Noise

Figures 1, 2, and 3 are oscillo­
graphic records of instantaneous sound
pressure (the vertical ordinate) versus
time (horizontal axis). Figure 1 is the
oscillogram of the electrical output of a
condenser microphone placed 4 feet
from a punch press doing a simple form­
ing operation. The time scale along the
horizontal axis is 10 milliseconds per
division, that is, 0.1 second for the full
sweep. The instantaneous peak level
shollil in the oscillogram is 120 db (re
0.0002 microbar) and occurs about 5
milliseconds after the first sound from
tho impact. At 1 millisecond, a level of
about ] 19 db is reached. After this
initial rapid rise, the level decays, so
that after about 30 milliseconds it is
apprel'iably below its maximum. One
interesting feature of this impact sound
is the random nature of the individual
peak amplitudes. That is, although
thero is the general trend of a rapid rise
to a maximum value and a slower but
still rapid decay, successive peak ampli­
tudes vary appreciably. This behavior

is shown more clearly in succeeding
oseillograms. The sound-pressure wave
is also dissymmetrical, with the pos­
itive, or excess, pressure wave having
the highest instantaneolls peak level.

The oscillograms in Figure 2 corres­
pond to the sound pressure waves of
two separate handclaps about 18 inches
from the condenser microphone. Here
the time scale has been spread out, each
division being 2 milliseconds. The in­
stantaneous peak positive levels, at­
tained in a fraction of a millisecond, are
J17 db and 115 db, and the negative
levels are 118 db and 117 db. The decay
is appreciably longer, being several
milliseconds. The dissymmetry here is
not marked, but the randomness of the
individual amplitudes of the oscilla­
tions is clearly shown.

The oscillogram* of Figure 3 is a

* Courtesy of Liberty J'.Illtllullnsuruncc COill!>(l,ny, Doston,
l\Iassachllsctts.

Figure 4. View of Impact Noise Analyzer attached
to a sound~level meter.
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display of the sound wave from a small
1S00-lb drop hammer in an open field.
The microphone was 24 feet from the
hammer, and the maximum level ob­
served is 119 db. (This is the very faint
peak S.5 small divisions above the ref­
erence line.) The time scale along the
horizontal axis is 10 milliseconds per
small di vision. The usual very rapid
rise and fast decay is very clearly
shown here. But in addition there is a
low-frequency variation having a period
of about 25 milliseconds (40 cps), which
is a ringing of the hammer. This type
of oscillation is not so apparent in the
oscillograms taken close to the hammer.
At a distance of 3 feet, for example, the
osciJlograms arc very similar to those of
Figul'es 1 and 2. A typical peak level
for this small hammer at a distance of
3 feet is 127 db. The difference in shape
of the oscillograms at these distances
is a result of the appreciable attenua­
tion of high-frequency components and
relati vely small attenuation of the low­
frequency component.

Need for a New Instrument

'Vhen a standard sound-level meter
is used to measure such noises, the mo­
mentary reading obtained at each im­
pact seems to have little significance.
The sound level meter is inadequate be­
cause an impact sound does not remain
at any particular level for a time that is
comparable to the time constants of the
meter, which arc of the order of two­
tenths of a seeond. The meter reading
does show a momentary rise and decay,
but the maximum reading obtained is
commonly 15 to 30 db below the peak
level of the ·wave.

A cathode-ray oscillograph does not
have this limitation. Its moving element
is an electron beam, which has so little
mass that it can easily be made to move
in accordance with the instantaneous

FEBRUARY, 1956

sound pressure. By photographing the
displayed osciHograph pattern, one ob­
tains a record of a noise of the type
shown in Figures 1, 2, and 3.

The equipment required to obtain
such a record is complicated, expensive,
and bulky. A cathode-ray oscillograph,
alone, has many controls, and display­
ing transient sounds on this device is a
complicated operation. As a result, only
a few, well-equipped, research labora­
tories have undertaken a serious study
of impact sounds. To set up useful cri­
teria for judging the significance of
these sounds, a great deal of experi­
mental data must be accumulated. The
collection of these data has been seri­
ously hampered by the lack of simple
means of measurement.

The variability of some impact
sounds provides further evidence of the
need for simple measuring equipment.
For example, tools using explosive car­
tridges fol' setting fastening devices in
concrete produce sounds that vary con­
siderably in level from one shot to the
next. Therefore, a number of samples
of such sounds should be measured to
determine this variability; and a simple
measuring instrument makes such a
study practical.

The response of the heari ng mecha­
nism to impact sounds is appreciably
different from that to steady sounds.
This difference is due in part at least to
certain delays inherent in the action of
the hearing mechanism. These delays
are comparable to the time constants of
impact sounds. The delay in the action
of the middle ear muscles, for example,
is probably of the order of ten milli­
seconds or more. 2 Thus, on some impact
sounds no appreciable action of these
musdes will occur until after the sound

~ \Y. A. Roscnblith." Electrical Responses from the Audi­
tory Nervous System," A nllu18 of OtolQUy, Rhinology and
Laryngology, September. 1%4, Vol. 63, No.3, Pi>. 83!)­
860.
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is essentially completed. Because of this
delay, onc ,,-ould expect the character
of an impact noise in the first few milli­
seconds to be of greater significance
than the beha"ior aftcr longer periods.

The measurement of impact sounds
by eathodc-ray oscillographs can yield
a large amount of information. But
oscillograms cannot be used directly in
rating a noise. ,Yo need to hu\'c a few
numbers that ,,-ill characterize the sound
wa\'c, so that \\"0 can usc the numbers in
plotting graphs and in setting up tenta­
tive criteria for impact noises. A study
of the patterns of impact noise oscillo­
grams leads to the conclusion that two
obvious numbers to use arc the maximum
instantaneolls level and some measure
of the time duration of the wave.

Description of Impact Noise Analyzer

'I'hese two \'alues arc readily meas­
ured by the ncw TYPE 1556-A Impact
:\oise Analyzer, shmn) in Figure 4 at­
tached to a sound-Ie"cl meter. Both
thc peak b'cl and the duration of a
single impact can be measul'cd. The
instrument contains a battery-operated
transistor amplifier, which is highly
stabilizcd by negati"e fccdback. This
amplifier simultaneously dl'i\-es three
a-c \"oltmeter circuits, which consist
of rectifiers, storage capacitors, and a
common electronic d-c Yoltmeter, as

QUASI- PEAK

~
I

PEAK

illustrated in the simplificd schematic
of Figure 5.

The electrical storage system, which
is a capacitor charged by the rectifier,
makes it possible to measure all three
characteristics on a single impact with
only one indicating mctel'. This storage
system is an essential element in obtain­
ing a satisfactory reading on an indi­
cating instrument for these very short
duration sounds. In ordcr that the
charge remain stored in the capacitor
for some time, the electrical leakage of
the rectifier must be extremely low in
the reverse direction. This characteris­
tie is obt,ained in reeently developed
silicon-junction diode rectifiers.

'Vhen the measurement of a single
impact is completed, the capacitors in
the metering circuit arc discharged by
switching to a position called "RE­
SET." Then the instrument is ready
for measuring another impact.

'l'he three characteristics of a sound
that can be measured by means of the
Impact Koise Analyzer are labeled on
the instrument as "QUASI PEAK,"
"PEAK," and ((TIME AVG" (time
average).

The" QUASI PEAK" is a continu­
ously indicating measure of the higher
sound-pressure levels occurring just
before the time of indication. The elcc­
trical circuit of the "QUASI PEAK"

D.C.
AN.Pl.-!f"IER

RESET

Figure S. Simplified
functional diagram af
the Impact Noise An-

alyzer.
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system has a fast rise time (a fraction of
one millisecond) and a slow decay time
(about six-tenths of a second) so that
the fast indicating meter on the instru­
ment can follow reasonably well the
peak le,'els of sound, This measure of
a. sound is useful for repeated impacts.
It also serves as a convenient indicator
for calibrating the system, and it has
the characteristics proposed as standard
for measuring electrical impulse noise. 3

Incidentally, thore is some evidence
that in general it can be llsed as a single
measure of loudness of noise with ap­
preciably better results than is possible
with the rms meter specified in the
sound-loyel meter standard.

The "PEAK" is the ma.ximum
sound-pressure le,'el reached by the
noise after· the analyzer control is
switched Qut of the II RESET" position.
The time required for this instrument to
note the peak le,'el is so short (of the
order of one ten-thousandth of a second)
that for sound waves it can be regarded
as instantaneous. This "PEAK" level
is stored electrically for a number of
seconds, so that the level can be read on
the indicating instrument at leisure.

Comparisons have been made be­
tween the peak levels of impact sounds
measured on this instrument and those
measured by the cathode-ray oscillo­
graph technique. The agreement is \'ery
satisfactory, being generally within one
decibeL

The time-ayerage level is obtained by
charging a capacitor through a rectifier
and a series resistor. Seven different
values of charging time are provided,
ranging from 2 milliseconds to 0.2 sec­
ond. This time-average level is a meas­
ure of the level maintained over a
period of time. The actual averaging

• Ar.lcrican Standards ASlJOcintion. C63.2-1950. "Proposed
Amcrican Standard Specifications for a Radio ~Oi8C
Meter, 0.015 to 2.5 :\lcgac)·c1csjSecond."

FEBRUARY, 195. ~

time is set by the charging time and the
shape of the pressure wave. The time­
ayerage le\'el is also stored in an electri­
cal capacitor, so that it can be read on
the indicating instrumcnt at leisure.

The difference bet,,'een the peak le,'el
and the a\'el'aged IC\'cl is a measure of
the time duration of the wa\'e. How a
particular time duration fol' these com­
plicated impact waves is to be specified
is not obvious. If they were simple
rectangular pulses, there would be no
problem, Such pulses will be used to
illustrate the basis of tloe procedure
adopted for more complicated waves.

Assume that the charging time of a
rectifier circuit is set to be 0.01 second.
If a constant "oltage is suddenly ap­
plied to this rectifier circuit, current
flowing into the capacitor will result in
an increase in \'oltage across it. The
longer this Yoltage is applied, the closer
will the \'oltage across the capacitor
approach the applied voltage. Thus, if
it lasts for 0,01 second, the capacitor
voltage should be 4 decibels less than
the applied voltage, If it lasts for only
0.002 second, howevcr, it should be l5
decibels less than the applied voltage,
This relation is shown as the 10\\'er
curve in Figure G. Some experimental
results obtained by using the impact
noise analyzer to mcasure knO\\'n rec­
tangular pulses are shown also in Fig­
ure 6, The ratio of the applied ,'oltage
to the \'oltage across the capacitor is
plotted in decibels along the horizontal
axis, and the ratio of the duration of the
applied \'oltage to the charging time of
the rectifier circuit is plotted along the
vcrtical axis. 'fhe close agreement of
the measured values to the theoretical
relation indicates that the circuits are
operating as expected.

If a rectangular pulse of unknown
duration is applied to this instrument,
its dura.tion call be determined from
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Figure 7. The results of an oct-ave·band analysis
of the noise from a single impact of a punch press
as measured by the impact noise analyzer on the

output of the octave-band analyzer.

100 F~roUENCY IN CYClE~~~ SECOND 10000~

NOISE MEASUREMENTS ON PUNCH PRESS *

""•
0<""-,,,,,,""'", O'Cl<'''.,,, >«=<0 ~

,-'""-ci'-C-""-T-"'-'.-i--."--i-'--"'--i-""'-'-i-~--i-:-,,--!i-'-,",-,O

!
"0

~
~I"
~
~IO0

"•
~
,0

0
z
~ ,0•,
~ ,0

0

these measurements. 'The "PEAK"
circuit charges very quickly to the full
applied voltage so it is used a~ the
reference, and the difference in decibels
between the peak value and the aver­
aged value is used with the chart to
determine the duration of the pulse.
For example, assume that the indicated
peak level is 138 db and the level with
an averaging time of 0.002 second is
130 db. The difference in level is 8
decibels. From the chart it is seell that
this level difference corresponds to a
time ratio of 0.5. The pulse, therefore,
was one-half of 0.002 second, which is
0.001. second, or 1 millisecond.

Impact noises arc not so simple as
rectangular pulses, however, as is shown
by the oscillograms of Figures 1, 2, and
3. Rather, they appear to be, to a first
approximation, exponentially decaying
random noises. For such an applied

*The computed relation shown in Fiu;ure {) is based on the
assumption that the charjl;in).!; time of the peak circuit is of
the order of a hundredth to a thousandth the decay time
of the exponentially decayin).!; WQ\"e. This assumption
appears t-o be justified for most of the. impact noises eD.­
countered in industry.

\\"ave, a relation of the type previously
given for rectangular pulses can be
computed, and is shown in Figure G.*
Here the decay time constant is defined
in the same way as it is done in electri­
cal circuits. The time constant is the
time required for the wave to drop 8.7
db in level from its initial value.

A particular example will show how
this relation can be used. Measure­
ments of a small punch press stamping
out blanks gave" peak level of 115 db
and a time-averaged level of 98 db when
a time constant of 0.0 1second wus used.
The difference in level is 17 decibels.
From the chart this difference corres­
ponds to a time ratio of 2. The equiva­
lent impact decay time is then 2 times
0.01, which is 0.02 second, or 20 milli­
seconds.

\
1\

'\ I
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Figure 6. Chart showing the relations between the
ratio of the peak to averaged value and the time
constants of an impact and of the circuit. The lower
curve is for a rectangular pulse, and the upper one

is for the usual impact noises.
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When tills procedure is used on the
impact noises, whose oscillograms arc
shown in Figures I and 2, equi,-alcnt
decay times of about 30 milliseconds
for tbe punch press and about .. milli­
seconds for the handclaps arc obtained.
These values appear to correspond rea­
sonably well with estimates made from
the oscillograms.

In addition to its usc for measuring
impact noise directly, the jmpact noise
analyzer can measure the output of a
spcctru m analyzer. For exam pic, the
impact noise of a punch pross W3,.<;; meas­
lIred by using an octave-band analyzer
and the new impact meter. The results
arc shown in Figure 7. The upper curve
is a plot of the peak le,·el ohserved in
the band, and the middle curve is a plot
of the time-averaged le,·ol. The overall
Im'cls arc shown at the right.

ft is not clear that the measured peak
level in a banp has real significance by
itself, since this peak is not OIlC that
actually occurs in the physical sound
wave. But, when it is taken in conjunc­
tion with the time-averaged level, onc
ean gct an estimate of how the energy
in the sound is distributed in frequency_
Thus, the peak and time-averaged le,·el
can be used to determine an equi\-alent
decay time for the noise in each band_
Then, with the assumption that the

Figure 8. The time constont of analy:zed noise
from a punch press.

noise wa\-e in each band is an ex­
poncntially decaying Olle, the square
of the pressure wa\'c can be integrated
with time and the rcsult is plotted on
the chart as relati \'0 ellergy. The abso­
lute position here is purely arbitrary.
These points show a distribution in
frcquency that is morc uniform than
the distribution shown for the peak
levcl, which moans that, in general,
lower frequency Compollcnts decay less
rapidly than do highcr frcquency OliOS_

The calculated decay time of the
noise in the differcnt band3 is shown
in the curve of Figure 8. These re­
sults show a variation in -decay ·,t,ime
constant from 300 milliseconds, or 0.3
sccond, in the lowcst band to a time
constant of only 13 milliscconds for the
noise in the band from UOO to ..800
cyclcs per second. This result is what
one would expect, since the high-fre­
flucncy energy is usually dissipated
much more rapidly than the low-fre­
qucllcyenergy.

Other Uses

[1'1 addition to its use in evaluating
impact noisc and vibratioll, the fmpact
XoilSe Analyzer sho\\'s promise of bein~

useful in many other typcs of measurc­
mcut..\.mong thosc all·cad,,· suggested
arc the measurement of rC\'erbcl'ation
time, of loudness, and of thc damping
effect of sprayed coati ngs.

~ AnxoLD P. G. PETERSO:'ll
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st.ant. Storage lime at nOl'lnalroom temperature
is gn·:,t,er thall I minute for 1 db decrease in
va.lue.
Source: A sound-level meter or spectrum :l.n­
alyzer should OI·dinarily be used to supply the
analyzer input.
Input Terminols: An attached cord with phone
plug at one end.
Batteries: One 1}/z-volt size D fbshlight cell
(Uayovac 21,1' or equivalent,) and olle 45-volt
13 battery (Evel'e~~dy 455 01' equiva.lent) arc
supplied.
Tube Complement: One TYPE CK-6-118 tube;
Three THE 2i\ 105 transistors or equivalents.
Cabinet: Aluminum, finished in org:l,nic bhck.
Carrying case supplied.
Mounting: ::\Iay be fastened to end frame of TYI'~;
1551-A Sound Level ::\Ieler.
Dimensions: 7~" (wide) X 4 !i" (deep) X GX"
(high).
Net Weight: Instl'ument, 4}2 pounds; Carrying
case, I pound.

SPECI FICAliONS
I and 10 volts
I volt rcducc

Input level: Any voltage between
for normal rangf'. Levels below
the nwge of reading.
Input Impedance: Bclwe('n 25,000 and JOO,OOO
ohms, depending on LEVEL control setting.
Frequency Range: 5(" 10 20 kc
Level Indication: ::\[eter (':\Iibrated in decihels
from -10 to + 10. Added attcnuator suitch
increases range hy [0 dh.
Peak Reading: Hise tim(' is less than 50 mi('ro­
seconds for a value wit hill I db of peak value
(for I'cctangula,r pulses). Stora.gf-' time at norm:,l
room tempera.ture is greater than 10 seconds for
I db decrease in value.
Quasi Peak Reading:Risc time of 1('Sf; than XI
millisecond :md deca\" time of 600 ::i:: 120 milli­
sceollds for rectifier circuit.
Time Average Reading: Charge time of rectifier
circuit sclected hy seven posiLion s\\"it('h. having
times of .002, .005, .0 I, .02, .05, . I, :\nd .2 sec­
onds for the resisi::mct....c<\pacitance time con-

Type Code Word Price

1556-A Impact Noise Anoly:z:er :\IED.... L $210.00

A NEJJ7 Ceneral /{ad;.o net-price list is enclosed with this copy of the
EXPEIUJl1EN'fER. As there Iw;ve been 111all)' revisions, please be sure

to use this It,test price info,.,nution when ordering. 1'he list IS of cont:enient
size for filing tvith you.r copy of our catalog.

The prices are net J.o.b. Com.bridge or Jr/est Concord, fJ(ass. Custom.ers
in other counLri.es (Ire rem.inded that qualltity discou.nts shown for SOllle
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A NEW, HIGH-SENSITIVITY ELECTROMETER

Aua I NTH I SIS SUE
Page

A Lo"'-Cost ::\Iicrowave Signal
Source. 5

lew Dial Brings -ew Convenience
to Octa\"e-Band Noise :;\feasure-
mcnts. 8

The new TYPE 1230-1\ D-C Amplifier
and Electrometer is basically a high­
resistance millivoltmeter. Voltage, cur­
rent, and resistance is indicated on
a panel meter and ean also be indicated
on a recorder. .

Because of its high sensitivity and
excellent stability, this instrument has
a wide range of applications in science,
engineering, and industry. Typical ex­
amples include the measurement of:

Ionization currents, photo currents,
grid Clll'rents in electron tubes, and
time-current curves of capacitors during
charge and discharge.

Piezo-electric potentials, bioelectric
potentials, contact potentials, electro­
static field potentials, and pH indica­
tions.

Silicon-diode back resistance, intel'­
conductor resistance of cables, insula-

Figure 1. Panel view of the Type 1230-A D-C
Amplifier and Electrometer.

lion resistance of electrical equipment
and voltage coefficient of resistance.

The amplifier in this instrument is
strictly direct coupled. It uses neither
the relatively low input-resistance chop­
per system nor the high-cost vibrating
capacitor system. Its stability is due
to excellent supply regulation, shock
mounting, liberal use of wire-wound
resistors at the impol'tant places, and
adequate aging of both tubes and com-
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Figure 2. Elementary schematic of the Electro­
meter. The circuit is, fundamentally, a cathode
follower in which the "tube" is a 3-stage, direct­
coupled amplifier. The magnitude of the cathode
resistor, RB, determines the valtage sensitivity.

Circuit

Fundamentally, the circuit is a sim­
ple cathode follower where the "tube"
is a three-stage amplifier as shmnl in
the elementary schematic of Figure 2.
Figure 3 shows the elementary circuit
for each type of meai5urement. The
effective transconductancc is the prod­
uct of the trans-conductanee of the third
stage and the voltage gain of the first
two stages. The result is a transconduc­
tance in the' millions of micromhos.
Consequently, the input \'oltage is
duplicated within a few microvolts
across the cathode resistor, and excel­
lent linearity is obtained m'en at the
30-millivolt srale. Voltage ranges are
selected by changing the vallie of the
cathode resistor.

The first two stages of the amplifier
use sub-miniature tubes \\-ith ten­
milliampere filaments. The filaments
arc in a resistor chain fed from a
doubly stabiliy,cd voltage-regulating sys­
tem. The plate and SCl'ccn voltages
of the t-irst stage, as well as thc screen
volta~c of the second ~tage, are obtained
from this same highly stabilized supply.
As a consequence of the great care used
for stabilization, line voltage fluctua­
tions have a negligible effed on per­
fonnance. Balanced amplifier systems
\\-erc tried but more rcliable results
were obtained by using the fully stabil­
ized sllpply rather than the balancing
method, which depends on perfect
matching for adequate results.

and reacljly available external batteries,
the resistance range can be extended by

£2 a factor of two hundred or more.

: OUTPUTO-SMA

ponents. As a consequence, drift after
warm-up i~ normally less than 2 milli­
\-olts per hour.

Grid currcllt at the illput of the 3­
tu be direct-cou pled am pli fier is uegli­
gible, bC'cause the t.ube in the first stage
is an electrometer t.ype. The input
resistance is determined by the setting
of a switeh t.hat pro\'ides resi:'ltance
standard:s in decimal steps from 10
kilohms to a hUlldred thousand me­
gohms (lOll ohms).

The ability to measurc from 30 milli­
volts full-scale to 10 volts full-seale,
coupled wit.h t.he wide range of resist­
allce standards, permits CLilTent meas­
urcments from onc milliampere full
scale to 0.3 micro-microampere (3 X
10-13 amp.) full :seale at all effective
"ammeter'l rCi:iistalice appre('iably less
than l.he value of the resistance stand­
ard.

An internal stabilized-voltage source
permits direct-reading resistance meas­
urements from 300 kilohms to ten mega­
megohms at full scale (5 X 10" ohms
at the smallest meter di\-i.:sion). Through
usc of the most sensitive voltage range

Figure 3. Elementary schematics, showing, left to right, the circuits for measuring current, resistance,
and voltage. The batteries are symbolic anly; the instrument is entirely a-c operated.
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High Input Resistance

The input resistance of the amplifier
is about 1014 ohms when the input­
resistance switch is at the open posi­
tion. This extremely high resistance
level is due not only to the use of an
electrometer tube but also to unusual
construction features. Every effort was
made to obtain reliable operation under
high humidity conditions. The glass
envelope around the grid lead is treated
with silicone. The resistance-standard
selector switch uses switch contacts
that are mounted on individual teAon
bushings set in a metal base that con­
nects to a guard point.

Internal Standards Calibration

To permit checking the high-resist­
ance internal standards in terms of the
low-resistance wire-wound standards,
a check position is provided on the
function switch. This has meant further
elaboration of a switch already unusual
in construction to meet the requirement
of exeellent,performance at a 1014-ohm
level under adverse humidity condi­
'tions. The effort is well repaid in the
case with ,,,hich the resistance of even
the lO"-ohm standard can be cheeked.
A photograph of the switch is shown in
Figure 4.

No Switching Transients

A switch is provided for readily dis­
connecting the unknown from the input
'\vithout otherwise disturbing either

Figure 4. View of the function ,witch.
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Figure 5. View of the Type 1230~P1 Component
Shield plugged into the reor of the Electrometer.

the unknown circuit or the electrometer
input circuit; to accomplish the switch­
ing without causing an electrostatic
surge (due to friction of metal on
dielectric) and without causing a change
in capacitance with resultant voltage
surge due to redistribution of charge,
the contactor is raised by a teflon but­
ton with a metal rim in permanent con­
tact with one of the blades.

Shielding

Complete shielding of the shock­
mounted electrometer stage is im­
portant to eliminate grid currents due
to ambient light, to prevent dust from
entering and affecting the high resist­
ance, and especially to isolate the input
from random electrostatic potentials
that are not usually noticed, but that
become obvious at resistance levels in
excess of 10 9 ohms,

The input connection is through a
teflon-insulated coaxial terminal, and
available accessories permit extension
of the complete shielding to the unit
under test. In particular, the TYPE

1230-PI Component Shield provides
a fully-shielded compartment withil~
which components under measurement
can be quickly and easily connected.
The ground and guard terminals are
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Figure 6. The I, R, gnd E termingls gdd gppredably
Ie the versgtility of the instrument. Anyone of the
three term;nols (an be used as a gugrd point (as
in 3-terminal resistance measurements) gnd ((In be

grou"ded by a panel switch.

ment to this Graphic Recorder since it
can be mounted in the same type of
case. The dynamic output resistance of
the amplifier is but a fraction of an ohm;
therefore, it is well adapted for opera­
tion with most. recorders.

Applications

This latter feature adds appreciably
to the long list of uses [or the amplifier
(see page I). The leakage resistance of
capacitors, as well as time-current
curves under ehal'gc or discharge condi­
tions, are readi-ly obtained. This Elec­
trometer is well suited to the measure­
ment of the high back resistance of
silicon-junction diodes, because the po­
tenLial applied to the unknO\nl resist­
ance is only 9.1 volts, which is within
the safe operating range of the diode.

-A. G. BOUSQueT

INPUT

I

£

R

duplicated on the panel of the Compon­
ent Shield for greatest adaptability.
Figure 5 sho\\·s the Component Shield
plugged Into the rear of the Electro­
meter.

Guard Terminals

\Vllile most measurements can be
made by connecting the unknowll (,·olt­
age, current or resistn.nce) from the high
input. terminal to ground, there are
some applications, especially in threc­
termillal resistance measurements,
where guard points are necessary. Ac­
cordingly, the Type 1230-A Amplifier
is prO\'ided with three guard terminals
w~ich can be grounded or not as desired.
'This arrangement is shown in Figure 6.

Output

The output system comprises a 0-5
milliampere panel mcter and a pair of
tcrminals in series with the mcter. '1'he
panel meter has two scales calibrated
in volts and two scales calibrated in
ohms so that both have two ranges per
decade. Any external meter 01' recordcr
at the output terminals can have as
much as 1500 ohms resistance without
affecting performance. Thus, either the
5 rna or the 1 rna Esterline-Angus re­
corder can be connected to obtain
pcrmanent recordings of rcsults. The
amplifier is an ideal companion instru-

SPECIFICATlONS
Voltage Ranges: ,j" 30, 100, and 300 millivolts,
,j" I, 3, and to volts, dc, full scale. Accuracy is
,j" 2% of full scale on the five highest ranges;
= 4% of full scale on the 30-mv range.
Current Ranges: ,j" 1 milliampere d-c 00-3 amp.)
full scale to ,j" 300 milli-micromicroamperes
(3 X 10-\3 amp.) full scnle, in twenty ranges
(two per decade). Accuracy is :i: 3% of full scale
from 10-3 amp to 3 X 10-9 amp; = 10% of full
senle from LQ-10 amp to 3 X 10-13 amp.
Resistance Ranges: Direct reading in resistance
from 300 kilohms to 10 mega-megohms (l013
ohms) at full scale (5 X 1014 ohms at smallest
meter division). There are sixteen ranges (two
per decade). At full scale (low-frequency end)
accuracy is * 3% from 3 X 10~ ohms to 1010

ohms; ,j" 8% from 3 X LOlo ohms to lOU ohms.
The voltage across the unknown resistnnce is
9.1 VOllS.

The resistance range may be extended con­
siderably, and voltage coclficients of rc!:'istors
determined, by the use of external batteries.
With a 300-volt batter,"", the highest resistance
range is lOls ohms full scale (6 X 1016 ohms at
the smallest meter division). The full battery
voltage appears Ileross the unknown resistance.
Resistance Stgndards: 10 1, LOb, 100, 107, 108, 10 9,
10 10, and lOll ohms. The switch also ineludcs
°zero" and "infinity" positions. The 10 1- and
10~-ohms resistors are wire wound and are
accurate to ± 0.25%. The 106_, 107_ and 108_
ohm resistors are of deposited-carbon construc-
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ticn and arc accurate to ± 1%. The 10', 1010

and 1011 resistors are carbon, have been
treated to prevent adverse humidity effects and
are accurate to ± 5%. A switch position per­
mits quick checking of tbe higher resistance
standards in terms of the wi-fe-wound units.
Input Ruistance: The input resistance is de­
termined by the setting of the resistance
standards switch. In the infinity position, it is
approximately lOH ohms.
Drift: Less than 2 my per hour after one-hour
warmup.
Output: Voltage, current and resistance are
indicated on a panel meter. Terminals are avail­
able for connecting a recorder (such as the
Esterline-Angus 5-ma or I-ma graphic recorder).
The recorder can have It resistance of up to 1500
ohms.
Frequency Characteristic: With a ]500-ohm load
at the OUTPUT !.ermina,ls, the frequency char­
acteristic is flat within 50/0 from zero to 10, 30,
100, 300, 1000 and 3000 cycles at the 30-,
100-, 300-miUivolt, 1-, 3-, and lo-volt ranges
respectively.
Terminals: The input is connected through an
874-type coaxial terminal assembly. In addi­
tion, there are three I'low" terminals to provide
versatility in guard and ground connections, ILS

required, for example, in three-terminal net­
work measurements.
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Input Switch: A panel switch permits discon­
nection of the unknown without transient
electrical disturbances in either the unknown
or the measuring circuit.
Input Insulation: Entirely tenon or silicone­
tre.:'lted gln.ss.
Temperature, Humidity, Line Voltage Effech:
Negligible.
Tube Complement: One 5886 electrometer, one
CK6-t 18, one 6A.:\5, onc 6AU, one 6627, and
threeOB2.
Accessories Supplied: One TYPE 874-411
Adaptor, one TYI'E 1230-Pl-300 Panel Adaptor
Assembly, two TYN; 274-.:\13 Plugs, one Typ~;

274-8B ]'Iug, spare fuses and TYPE CAP-35
Power Cord.
Accessories Available: TYPE 1230-Pl Compon­
ent Shield.
Mounting: Aluminum front and rear panels
finished in black-crackle lacquer and enC:1sed
in an aluminum blnck-\\Tinkle-finished sleeve­
like cabinet. The instrument is also avail3.ble
mounted inside a recorder case.
Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 cycles. Power input is approximately£5
watts at J15 volts.
Dimensions: (height) ]334 X (width) 7% X
(depth) 9 inches, over-ali.
Net Weight: 151--4' lbs.

Type Gode Word Price

1230-A
1230-AE

1230-Pl

D-C Amplifier and Electrometer.......•...•••
D-C Amplifier and Electrometer in Esterline-

Angus Case ......•.................•.•.•
Component Shield ...............•••••.....

:\IISTY
1\I,\XO«

$440.00

502.00
40.00

A LOW-COST MICROWAVE SIGNAL SOURCE
One of the most frequently needed

instruments in the electronics labora­
tory is a simple, convenient, and inex­
pensive signal source. General Radio
Unit Oscillators were developed in an-

swer to this need, and their con.::itantly
increasing popularity is conclusi\·c e\'i­
dente of how well they perform their
tasks.

Unit Oscillators bave been a ,·ailable

Figure 1. Panel view of the Type 1220-A Unit Klystron Oscillator with a Type 1201-A Unit Regulated
Power Supply.
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Figure 2. Block diagram showing the elements of the oscillator.

covering all frequencies from 20 cps to
2000 Mc, but there has been an obvious
need for a unit to operate at still higher
frequencies. The new TYPE 1220-A
t:"nit I\:Iystron Oscillator shown in
Figure 1meets this need for applications
where frc<luent changes in fl'equency
arc not required.

It produces· a C-W, squal'c-wave-,
pulsc-, 01' frequency-modulated signal at
frequencies hetween 2700and 7450 mega­
cycles by means of eight plug-in reflex
klystrons. Eaeh tube has a self-con­
tained resonant cavity~ which can be
tuned over a range of the oreler of 500
megacydes. Tube changing can be ac­
complished quickly and simply. The
oscillat.or is available either without
tubes or with any number of the tubes
in the a,"ailable series.

Tuning is accomplished by flexing
a copper diaphragm ill the resonant
cavity by means of a screw which is ac­
cel';sible from the rear of the instrument.

For testing on the production line,
for mea:surements in the laboratory,
and for demonstrations in the class­
room, the TYPE 1220-A Fnit Klystroll
Oscillator olTers the advantages of low
cost, small size, and convenient adapta­
hility to the problem at hand.

Circuit

As shown in the block diagram of
Figure 2, the TYPE 1220-A Unit Kly­
stron Oscillator contains a variable
regulated voltage supply for the repeller
electrode of the klystron, a Schmitt
squaring circuit for square-wave and
pulse modulation of the repeller, a
power supply for the Schmitt circuit, a
lOOO-cycie R-C oscillator, and a socket
and output connections for the reflex
klystron tube.

The cathode cnrrent for the klystron
is supplied by an external Unit Power
Supply_ For maximum frcCluency sta­
bility, a Type: 1201-A l;nit Regulated
Power Supply is recommended, al­
though in less critical applications a
TYPE 1203-A Unit Power Supply can be
used. For field work, where only 6 or 12
volts d-c power is available, the instru­
ment can be operated from a Type
1202-A Unit Vibrator Power Supply.

Klystron Oscillator

The reflex klystron is an ex(;ellent
microwave oscillator. It produces a
substantial amount of I'-f power, oper­
ates on reasonably low voltages and can
be modulated easily. Klystrons llsed in
this instrument are completely self-
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contained oscillators and are similar in
appearance and size to conventional
metal-shell receiving tubes. The tuning
ranges for the various tube types are
given in the specifications at the end
of this arbc!e.

As shown in Figure 3, the tubes plug
into an octal socket in the instrument
and the repeller voltage connection is
made by means of a grid cap at the top
of the tube. The r-f output lead from
the tube is a coaxial line which extends
through the tube socket and connccts
to the TYPE 874 Coaxial Connector on
the panel of the instrument by means
of a short length of coaxial cable with
an adaptor for the tube line on one end.

Tuning is accomplished by means of
a tuning screw, permanently attached
to the side of the metal en velope, which
controls the flexing of one end of the
resonator and thus changes the capa­
citance across the resonant cavity in
the oscillator. A special tool is supplied
for making tuning adjustments through
a hole in the back of the dust cover.
Thc frequency thus can be adjusted
without removing the dust covel', al­
though no frequency calibration is pro­
vided.

Since the diaphragm will not stand
an indefinite number of f1exings without
fatiguing, these tubes are not recom­
mended for applications where con­
tinual frequency changing is required.

The repeller voltagc must also be set
at a level which produces oscillations at
the resonant frequency of the cavity.
For this purpose a calibrated repeller
voltage control is provided on the front
panel.

One of these tubes, TYPE 6043 Kly-

Figure 3. Top view of the oscillator with shield
(over removed, showing the klystron tube.
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stron, covering frequencies between
2950 and 3275 Mc, differs physically
from all the other tubes. Its outpnt con­
nection is made near the top of the tube
and tuning is accomplish cd by adjusting
a series of screws in the outer wall of
the cavity. This tube can be tuned in­
definitely without damage but the dust
cover must be removed to make the
tuning adjustments. A special output
Icad is supplied for use with this tube.
Both types of output lead are supplied
with each instrument.

R-F Output

The power output obtainable varies
from tube to tube and over the fre­
quency range of each tube. The average
powcr output for all tubes into a 50­
ohm load is of the order of 75 milli­
watts. A table showing the average
power output of each tube type is in­
cluded in the specifications appearing
at the end of this article. This figure is
the average of the power output over the
frequency range for a typical tube. The
output is usually a maximum at the
center of the tuning range.

In most applications an isolating pad
should be used between the oscillator
and thc load. One of the following pads
is recommended:
Typ~ 874-G6
Typ" 874-Gl0
TYPE 874-G20
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Figure 4. Oscillograms of modulation waveforms
013800 Me, as recovered bya Type 874_VR detector.
Left, l-.u lec pulse: right, 1000-cycle square wave.

Modulation
The klystron can be square-wave,

pulse, or frequency modulated by modu­
lating the repeller voltage. The Schmitt
squaring circuit provides a voltage
which switches the repeller voltage be­
tween the normal oscillating level and
a non-oscillating level for 100% ampli­
tude modulation. In order to make the
klystron oscillate at exactly the same
frequency when modulated as when un­
modulated, the Schmitt circuit is d-c
coupled to the repeller, and the whole
circuit floats at the repeller potential.
Since the klystron oscillates when the
output stage of the Schmitt circuit is
cut off, the repeller voltage (and hence
the oscillating frequency) in the modu­
lated condition is the same as the fre­
quency in the unmodulated condition.
A modulation voltage control is in­
rluded in the plate circuit of the Schmitt
circuit so that the klystron can be pre­
vented from oscillating in other modes
on the off part of the modulating cycle.

The Schmitt squaring circuit can be
driven by a sine-wavc, square-\\'a\'-c, or
pulse signal. An internal H-C o:;cillator
is provided for producing a 1000-cycle
signal for square-wave modulation. The
frequency of this o""illator is adjustable
to any frequency between 985 and 10 15
cycles so that maximum sensiti\-ity can
be obtained when very sharply tuned
1000-cycle amplifiers are used in the
dctector circuit. Square-wave modula­
tion at frequencies between 50 cycles
and 200 kc can be obtaincd from cx­
ternal sine- 01' square-wa\'e sourccs, pro­
ducing inputs of at least 15 volts rms.

•
The TYPE 1210-B Unit R-C Oscillator
is a satisfactory external modulator.

The klystron oscillator can be satis­
factorily modulated by an external
pulse generator with pulses having
lengths from 1 ~s to 10,000 ~s and
repetition rates between 50 cycles and
200 kc. The peak input voltage should

Figure 5. left, frequency modulated output of
the klydron; total swing, 8Mc; modulating fre­
quency, 60 cycles, carrier, 3800 Me. The morker
pip was introduced by an external oscillator.
Bose line added.

Right, band-pass charocterlstic of an f-m re­
ceiver with signal shown at left applled'o receiver
input. Signal was recovered from second detector.

be at least 25 volts. The rise and decay
times of the r-f pulses are less than 0.2
~s. The Typ" 1217-A Unit Pulser is an
excellent modulator.

Frequency modulation can be pro­
duccd by thc application of a small
modulating voltage to thc repeller elec­
trode. The frequency de"iation obtain­
able varies from tube to tube, but at
least a 15 ~rc total excursion is obtain­
able with a maximum change of 3 db
ill amplitude of the r-f signal. The
amplitude varia.tion decreases rapidly
as the excursion is decrcased. Provision
is madc for applying a freC]ucllcy-modu­
luting voltagc from an external source.
Approximately 10 volts, I'ms, across
47 kilohms is required for maximum
frequency modulation..

Power Supply

The cathode current for the klystron
is obtained from a unit Power Supply.
Thc Typ" 1201-.1. Unit Rcgulated
Powel' Supply is recommended for maxi-
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Figure 6. Unit Kly~

siron Oscillator and
Type 874 Cooxial
equipment set up
for the measure­
ment of cable at­
tenuation at 3000

megacycles.

mum frequency stahility_ A jack is pro­
vided for measuring the current and a
rheostat is included for adjusting it.

The repeller voltage is obtained from
a well-filtered, regulated, intcrllal power
supply derived from the 6.3\' a-e output
of the Unit PO\I'er Supply, A calibrated
potentiometer, adjustable from the
panel, is used to contl'Ol the voltage
from 30 to 300 volts belo\\' the cathode
potential.

The pOII'er supply for the Schmitt
circuit is also derived fmm the 6.3
a-c volt input from the Unit Po\ycr
Supply.

Typical Applications

The TYPE 1220-A Unit I<Iystl'On Os­
cillator is \Yoll adapted to measurement
applications in which the frequency docs
not have to be changed frequently.

On the production line, these rela­
tively inexpensive units can be set up
for measurements at specified frequen­
cies on impedance, VS\VR, attenua­
tion, bandwidth, for adjusting circuits

to a specified frequency, and for many
other types of measurements.

In the laboratory the unit is a suit­
able signal sourcc for driving a slotted
line.

In the classroom, the low cost, small
si~~e, ruggedness, and high pO\ycr output
makes the oscillator ideal for supplying
r-f power for various classroom demon­
strations and student exercises.

Cable A"enuation Measurements

The oscillator is an exccllent source
of 1'-£ power for making attenuation
measurements on coaxial cable at the
3000 Me frequency specified in :Vlilitary
Specification JAK CI7A. One method
of making this measurement is described
in an article by W. R. Thurston entitled
"The Measurement of Cable Character­
il'::Jics. n Figure 6 shows a typical setup
for this measurement.

Measurement of VSWR of Fixed
A"enuators at 4000 Me

The klystron oscillator makes a good
~..

~,
,1:

Figure 7. Unit Klystron
Oscillotor and Type 874­
LBA Slotted Line with Motor
Drive, set up for measure·
ments of standing-wave
ratio on coaxial altenuators.
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source of power for VS \VR measure­
ments at one frequency on a number of
elements. Figure 7 shows a setup for
VSWR measurements on a group of
fixed Attenuators at 4000 Me, using a
TYPE 874-LBA Slotted Line with a
TYI'B 874-MD Motor Drive and an
oscilloscopic display of standing-wave
ratio.

The oscillator can be used to excite
waveguide circuits through a standard
waveguide-to-coaxial adaptor. Adaptors
to connect between the TYPE 874 output
connector of the oscillator and the

figure 8. Oscilloscope displClY of VSWR of CI Type
874-G20 Coaxial Attenuator at 4000 Me. as
measured with the equipment shown in Figure 7.

waveguide adaptor (and to other types
of connectors) are listed in the price
table.

- BENEDICT O'BRIEN

- R. A. SODERMAN

SPECIFICATIONS

Frequency Range: Depends on klystron tuoe
used (see price table below); all units are
identical except for klystron tube ~ frequency
range of any unit can be changed to that of
any other by inserting the appropriate klystron
tube.
Frequency Calibration: Kane
Modulation:

Internal 1-kc square wave, adjustable :± 15
cycles.

Ex/ernal
Square wave, 50 c to 200 kc; sine or square­

wave modulating signal of at least 15v, rms
required - TYPE 121O-B R-C Oscillator recom­
mended modulator.

Pulse, I t,o 10,000 ps duration, less than 0.2
J.ts rise and fall time, 50 c to 200 ke repetition
rate; at least 20v peak pulse voltage required
- Tyl'}O; 1217-A Unit Pulser recommended
modulator.

Freqllency Modulation, at least 15 l\'lc ex­
cursion obtainable with less than 3 db change
in output - at 60 c, an rms input of the order
of 10 v is suitable.

Output Connector: 50-ohm TYl'li: 874-Coaxial
Connector. Adaptors to other connector types
available.
Tube Complement: Klystron, as specified, for
Typ~s 1220-A1 through A-8; one OAB4, one
5963, two OA2.
Accessories Required: Unit Power Supply; see
pri(!e table below.

TYPE 1201-A Unit Regulated PO\\,er Supply
recommended for high stability and minimum
incidental fm.

TYPI:l 1203-A Unit Power Supply, for less
critical applications where cost is an important
factor.

TYPE 1202-A Unit Vibmtor Power Supply,
for usc in the field from 6 v to 12 v, d-c power:
Accessories Recommended: Fixed attenuator
pad for isolating oscillator from load; adaptors
to other coaxial connectors. Sec price table
beIO\\'.
Dimensions: 9.% X 5~ X 674" inches, not in­
cluding plugs, knobs, and terminals.
Net Weight: 6 pounds, with klystron.

1\'aminal Power
Klys/ron Osril/a/or Output in

'f'YPf' tvi/h klystron, /tYr Milliwatts Code Word Priee

1220-A 1 2700-2960 Me ........ 100 KAWU:\ $254.65
1220-A2 2950-3275 Me .......• 90 KA'I'OO 272.90
1220-A3 3400-3960 Me ........ 90 KATRE 265.75
1220-A4 3840-4460 Me ......•. 75 KA FOR 312.15
1220-A5 4240-4910 Me .......• 100 KAFL\' 261.45
1220-A6 5100--5900 Me ........ 80 KASIX 301.45
1220-A7 5925-6450 Me .......• 100 KASET 272.90
1220-A8 6200--7425 Me ......•• 90 KALOC 272.90
1220·A Without Tube ..•.•..•. KANOT 205.00
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KLYSTRON TUBES

'l'1I1Je Code IVord Price

726·(
6(l43
2K29
2KS6
2K22
6115
QK404
5976

K1Y5lron, 2700-2960 Me .•.•.•...•••......•
Klydron, 2950-3275 Me .........•..•••••••
Klystron, 34QO-3960Mc •..••.•.••••••••••
Kly,tron. 384!>-4460Mc ... _....••..•...••
Klystron, 4240-4910Mc ...•....•...•..•••
Klystron, 5100-S900Mc........•...•...•.
Klystron, 5925-64S0Mc..•....•••..•...••
Klystron. 6200-7425 Me .•••.•.•.•••••••••

KL\'STRO:\"AY

Kt..l'STROBf:E
KLYSTROSEE

KLYSTRODEE

Kt,YSTRO:>l'Ef:
KI.Y$TROSEF

KI.YSTROGEt:
KL YSTItOJAY

$49.65
67.90
60.75

107.15
56.45
96.45
67.90
67.90

The following klystron tubes can also
be lIsed in the instrument, hut arc not
stocked by the General Hadio Com­
pany: 2K25 (8500-9660 :\[e), 21~26

(6250-7060).
,\11 klystron tubes in these oscillators

except for the 6043 arc designed for
relatively infrequent tUlling.

POWER SUPPLIES (One required)

Type Code Word Price

1201-A
1203-A
1202-A

PADS

Type

874-G6
874-Gl0
874-G20

Unit Regulated Po er Supply _.•.••
Unit Power Supply ....•............••••••
Unit Vibrator Power Supply .............••

Attenuatar Pod, 6 db......•.•••.•••••••••
Attenuatar Pad, 10 db .........• '.' ....••••
At'enuCitor Pod, 20 db ........••.•••.••...

ASSl:T
AI.IVf:

AURAL

Code Word

COAXXODDER
COAXDELLER
COAXXEI'I'ER

$80.00
40.00

125.00

Price

$25.00
25.00
25.00

ADAPTORS

Contains Type 87-1
Type Connector aftd Fils Code Il'ord Price

874-0BJ Type BNCJock Typ. SNe Plug COAXnOGGEll $4.75
874-08P Typ. SNe Plug Type 8Ne Jock COAxnUXSER 4.75
874-QCJ Type C Jack Type C Plug COAXCOGGER 4.75
874-QCP Type C Plug Type C Jack CQAXCUfo'FER 6.25
874-QHJ Type HN Jack Type HN Plug COAXIlAWSER 6.50
874-QHP Type HN Plug Type HN Jack COAXliANGEI"t 6.50
874-QLJ Type LC Jack Type LC Plug CO ..\XLI'ITER 17.50
874-QLP Type LC Plug Type LC Jack CQAXI..UGGER 17.50
874-QNJ Type N Jack Type N Plug CQAX:-IAGGER 3.75
874-QNP Type N Plug Type N Jack COAX~U'TIER 4.50
874-QUJ Type UHF Jack Type UHF Plug COAXYU~D£R 4.00
874-QUP Type UHF Plug Type UHF Jack co.-\xn;PPER 4.25
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NEW DIAL BRINGS NEW

OCTAVE-BAND NOISE

11

CONVENIENCE TO

MEASUREMENTS

A user of the Tnc 1550-A Octave­
Band Analyzer recently suggestcd that
the speed and convenience of noise
measurements could be increased by
the use of an adjustable dial on thc at­
telJuatar control. This dial has been
designed and is available to all users
of the analyzer.

The dial covel's the panel engraving
behind the attenuator knob, and car­
ries a new number scale so that the
Octave-Band Analyzcr is direct read­
ing, thus avoiding the mental computa­
tions (and possible sources of error)

pI'C\'iollsl~! nc('cs.'5Ul'y. For example, in

the measurement of octave-band pres­
sure IC\'cls greater than 70 db, where
the Octave-Band Analyzer is used di­
redly with a microphone, the system
can be calibratcd with the Tv,,", 15,j2­
B Sound-Level Calibral,or to be direct
reading on the 20e-to-IOke range (over­
all sOllnd-pressure level), whereupon
the system is automatically direct­
reading in octave-band pressure levels.

To achieve the same result where the
Oetave-Rand Analyzer is used in con­
junction \,"ith the 1'\'1)10: 1531-A Sound­
1.c\·cl :V[ctcr, it is necessary only to
position the new dial and to adjust the
If gain" control so that the Octave­
Band Analyzer ill its 20c-to-10kr posi­
tion reads the same as the Sound-Level
::\retcr on its "e" weighting net\\"ork.

One of these dials will be sent, free
of ('harge, to the owner of carh TYPI~

1550-A Octave-Band Analyzer who
writes us, giving his name and address,
and the serial number of the instru­
ment. 'this new dial is now shipped as
standard equipment with each new
Octave-Band Analyzer.

-J. J. FARAX, JR.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE
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A HIGH-PRECISION IMPEDANCE

COMPARATOR

.rIu~ I NTH I SIS SUE

The increased Hoed for means of
rapid sorting of electrical components
has led to the cxtensi,-c lise of impe­
dall('c comparators. which indi('ate di­
roctly the porcent difference bet,Ycen
t\\-O impcdan('cs \yithout rCf)uiring a

brid~e balance. ~Iost of these operate
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either at de or at a fixed low frequency
and are limited in scope to simple :lp­
plieations. Thc ncw TYPE IG05-A Im­
pedance Comparator l can be used to
compare complex impedances of any
phase angle and has several important
features which allow a much greater
degree of precision and considerably
morc versatility than other instruments
available.

This instrument indicates not only
the difference in magnitude between the

'lloltje, Iiall, nlld E:lston, "An Instrument for the
Precise COlllp:trisoll of llllpedalite and Oissipation
Factor," PI"Qaedinu~ of I"~ XIII;M",1 Elulronics Cu/!·
fete/la. Yol. 10, IH.-"i,

Figure 1. Panel View, Type 160S·A ImpedClnce CompClrolor.



GENERAL RADIO EXPERIMENTER 2

Figure 3, Basic Bridge Circuit.

Circuit
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decade steps, so that componcnts may
be checkcd over a wide frequcn('~' rangc.
'This fcature is particularly irnporlanL
for compOllcllts that must be cheeked
at a frequency ncar the dcsired oper­
ating frcquency.

The electronic circuitry and the com­
ponents necessary to provide t.he im­
pedance-difference and phase-angIe-dif­
ference information at the desired pre­
cision in a single, solf-contained unit
hayc produced se"cral interesting de­
,"elopmcnt problems,

.\ block diagram or the instrument is
showlI in Figurc 2. An amplitude-stabil­
ized, R-C oscillator provides the rOIll"
lest frequencies. The oscillator is cou­
pled to the bridp;e through a spe"i"l
bridge transformer, which also pro\'icles
the inducti,"ely coupled unity-ratio
arms. The l:!talldard and unkno',"11 IIn­

pedanccs form the othcl' two arms.
The Ull balancc vol tage from the

bridge is amplified, and the push-pull
output attenuated with two separatc
ra.nge .':l\\"itches to pl'O\"ide indepcndent
magnitudc and pha~e-diffcren('e ranges.
Separate phasc-sen~iti\"e dctoetor::; arc
uscd to measure thc in-phase and quad­
rature voltage components. The t\\"O

orthogonal £'omponcllts are fed to dif­
ferential amplificrs, n"hich drivc t.he
out,put mcters.

~ = t',-t'2
E t',+ t'2

E

JIII~"
E

Figure 2. Block Diagram, Type 160S·A Impedance
Comparalor.

two components that.. arc compared, but
also indicates simultaneously the phase­
angle differenec, which is oftel! of equal
importancc. The difference ill these
quantities can be determincd to 0.01 %
and .0001. radian, respectivcly, on thc
most scnsitive ranp;es. Both magnitude
and phase-angle diffcrences are ill(li­
cated dircetly all panel metcrs.

The Impedance Comparator ,,"ill in­
dicate differenecs bct\\"een components,
whether resisti\"c, capacitivc, 01' induc­
tivc, ,vith a. precision hitherto IInoh­
ta.inable III direct-indicating instru­
ments; measure the phasc-angle dif­
ference bet\\"cen different types of resis­
tors; indicate thc departure from uni­
formity of units in a gang; mcasure thc
degree of unbalall('e in transformer
windings; compare dielectric samples;
and facilitate thc adjustment of induc­
tors to pre('ise valucs.

The comparator i:s complctely self­
containcd, includinp; a ealibrating volt­
agc to chcck the opcration of the instru­
ment. The meter voltagcs arc availablc
externally to opera! e rccorders. rcmote
indicators, or automatic' scleeting de­
vices" If the unkilowil is remote, the
internal guard circuit tan be used to
minimize the effed of stray impedances.

The intcrnal o::;cillator pl'o'"ides fre­
qucncies from 100 ('.\'t1es to 100 kc in
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The instrument is calibrated by in­
jocting a 1% unbalallcc \"oltage and set­
ting the oscillator Im'ol to gi\"c the cor­
rect reading.

The Bridge Equations

The basic hridgc circuit is shown 111

Figure 3. If the "oltages arross the
windings are equal, the complex un­
balance voltage is

Eo Z\ - Z2
E in Z\ + Z2

The real part of this "oltage (com­
ponent in phase with E i ..) is

If 0 1 - Eh is small, t he above equa­
tion reduces to:

\Vithin the range of the instrument
(81 - <::h = .1 radian), this approxima­
tion is extremely good, producing all.
error of less thall 0.25% of the actual
impedance-difference range l which is
insignificant on all ranges. For example.
in a mca.surcd difference of 0.3%, this
error wOllld amount to 0.2,j% X 0.3%
or 7.5 parts per millioll.

Since the difference is usually de­
sired as a percentage of the standard
impcclanee rather than as a percentage
of the sum of the standard and unknown
impedances, anoLher approximation is
ncccssary. If Zl - Z2 is 8mall

The error due to this last approxima-
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tion is negligible except on the 10%
rangc, where the scale becomes non­
linear, indicating 9.5% instead of 10%
on one side and 10.5% on the other.
This is not an error in measurcment,
but rather a non-linearity of scale. To
a\'oid complicated metcr scales, the
tolerance can be modified, or the zero
shifted, when 10% components are to
be sorted to better than ± 0.5%.

The imaginary part of Lhe bridge un­
balance voltagc can be written as

(Eo) _ sin (0, - 0,)
1m E,. - 1( Z,I IZj

cos (0,- O2) +2 Z,! \zll)
If the magnitude differcnce is less

than 10%, and the phase-angle dif­
ference is less than 0.1 radian (the
maximum ranges), the abo\'c expression
reduces to

(Eo) 11m ~ =-(0, - 0,)
Ein 2

wilh an error of less than 0.25 percent.
Nole again that this CI'I'OI' is a percent
of the indicated difference and, there­
forc, complctely negligiblc.

The Bridge Transformer

In the abo"e calculations on the
bridge \·oltage. it was assumed that the
voltages across the two windings of the
transformer were equal. .\ difference in
thcse voltages would cause a corre­
sponding difference 011 the meter indi­
cation. ~ot only must the two voltages
be equal, but the source impedances of
the windings must be matched, or an er­
rol' will result when the lOW-impedance
components are measured. It is also
desirablc to have the two windings
tightly coupled. so that stray impedance
shunting one winding will not cause a
voltage unbalance.
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;;::SECONDARY

Figure 4. Bridge-Tronsformer Construction.

Figure 4 is a sketch of this trans­
former, showing its construction. It
is a toroidal structure, with a high­
permeability, wound-ribbon core. The
inside winding is the primary, \vhich is
a modified banked winding, completely
and symmetrically covering the core.
O\'er this arc two copper cup-shaped
shields to prevent ull\\'anted electro­
static coupling to the secondary.

The secondary windings are made by
twisting together two identical wires
and winding the pail'. This is a practical
approximation to the ideal situation
where the wires of the two windings
would oceupy the same volume so that
the (lux linkage would be equal, produc­
ing unity coupling and equal output
voltages.

This construction works extremely
\vell. The open-circuit voltages are bal­
anced to within 1 part in 106, the impe­
dance difference (at 1 kc) is less than
50 microhms, and the coefficient of
COllpling is greaLer than 0.0007. These
quantities approach the ideal so closely
that 0.1 ,uf placed aeross aile winding at
1 kc \"ill eause an impedance-difference
errol' of .0002% and a phase-angle errol'
of .00003 radian. At 100 kc, with 1000
IJ.,uf shunting one \Yinding, correspond­
ing errors are 0.02% and .00005.

vVith resistive ratio arms, a resis­
tance value as low as 0.[ ohm would be
necessary to obtain an equal degree of
immunity from shunt capacitancp ef­
fects.

The Guard Circuit

The output voltage from the bridge is
fed to a high-input-impedance cathode­
follower-type circuit, which also pro­
vides a low-impedance guard voltage
isolated from the signal. This guard cir­
cuit makes possihle measurement,s of
large impedanccs loeated at some dis­
tance from the instrument itself, as for
example, a component in an environ­
mcntal test chamber.

Sincc capacitance from one side of
the transformer to ground has so little
effect, the lead from this terminal to
the unknown can be shielded without
introducing error. Howevcr, capaci­
tance to ground of the other lead, which
is connected to the amplifier input, pro­
duces attenuation and phase shift of the
signal voltage if the measured com­
ponent is of high impedance. This
capacitance is especially large if the
lead is shielded to prevent unwanted
pickup. 1n order to reduc;e this effect,
a gilaI'd voltage i8 brought out, which
can be used to drive the amplifier input
shield. Since the guard voltage is ap­
proximatel.v 0.97 of the amplifier in­
put. the ('apacij,ance to the shield is ef­
fecti vely reduced bv a factor of 30.

The Phase-Sensitive Detector

The circuit of the phase-sensitive de­
tector lIsed to separate the in-phase and
quadrature componcnts of thc unbal­
alH'C voltage was chosen for jts precision
and stabilit.v.

The output of the signal amplificl'
(E.) is added to aud subtra('tcd from the
reference voltages (E r ) which arc de­
rived from the bridge voltage.
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One reference is in phase with the
bridge voltage; the other is at ninety
degrees.

If the reference voltage is much
larger than the signal voltage (Figure
5), the difference in magnitude between
the resulting sum and difference is equal
to twice that component of the signal
which is in phase with the reference.

The condition that the reference bc
much larger than the signal is easily
met when the two meters are set to
corresponding ranges, in which case
the signal is about onc one-hundredth
of the reference. However, if one meter
is indicating full scale on the 10% (or
.1 radian) scale, and the other on the
0.3% (.003 radian) scale, it is possible
to increase this voltage ratio to ~,

causing the readings on the morc sensi­
tive scale to be low by 5%. This pro­
duces a maximum elTor of ;')% X O.:i%
~ 0.015%

I QUADRATURE
E I............COMPONENT

I OF Es
E, '--E:"'------OC----,r'-- - -,,-.

IN-PHASE COMPONENT
OF Es

Figure S. Phase-Sensitive Detector Operation.

Ranges

Four independent ranges are pro­
vided for the impedance-difference and
phase-angle-difference meters. The im­
pedance-difference ranges are 100/0,3 %,
I% and 0.3 %, and the phase-angle­
difference ranges are 0.1, 0.03, 0.01
and 0.003 radian full scale. On the most
sensitive ranges, one sca~e division rep­
resents 0.01 % or .0001 radian. The
ranges can be increased to 20 or 30
percent by calibrating at half scale,
or on a lower scale, which reduces the
bridge voltages. If the D or Q of the
standard is less than 0.1, the phase-
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angle difference in radians is very
nearly equal numerically to the D or Q
difference.

The range of impedances that the
instrument will compare is limited by
practical consi.derations at both ends.
For reactive components, the wide fre­
Quency range makes it possible to ex­
tend the range of inductance or capaci­
tance which can be measured.

The low-impedanee limit is deter­
mined by the difficulty in making low­
resistance connections to the compara­
tor and by the power available from the
bridge oscillator. The nominal limit is 2
ohms, so that the smallest unbalance
that can be determined is 200 !,ohms.
This two-ohm limit can be decreased
somewhat by redueing the osdllatol'
voltage, but the sensitivity is also re­
duced.

The upper impedance limit for this
type of instrument depends upon the
input impedance of the detector circuit.

Figure 6. Equivalent Circuit of Loaded Bridge.

This dependence can be seen from the
equivalent circuit shown in Figure 6.

The amplifier input impedance at­
tenuates the bridge unbalance voltage
so that the actual detector voltage is

Zin
Co = ---=-=-=-- e,

Z,Z,
Z'n + Z, + Z2

where Cc is the correct or unattenuated
output signal.

To minimize this effect, Zin should be
large as possible. The input impedance

1

r
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is approximately 4 I'l'f in parallel with
200 megohms. Therefore, the indicated
difference will be low by 10% when
2O-l'l'f capacitors are compared.

The input resistance will cause a
phase-angle errol'. This error, however,
is frequency dependent and can be made
small if the measurement is made at
high frequencies.

\Vhen resistors are measured, the in­
dicated difference will be low by 10%
when the value of the standard and un­
known components reaches 40 meg­
ohms. The phase-angle error due to
input capacitance can be minimized by
measurement at low frequencies.

Another limitation when high im­
pedances are measured is hum pickup,
which can overload the amplifier if the
impedances are high at power-line fre­
quencies. This difficulty can usually
be overcome by proper grounding and
shielding.

Errors

The errors produced by the approxi­
mation made in evaluating the real and
imaginary parts of the bridge voltage
were shown to be completely negligible
when the bridge was used within its
ranges. The only difficulty here is the
scale non-linearity when the imped­
ance difference approaches 10%. This
is not really an error, but rather a
known calibration change, which can
be corrected.

The error in separating the voltage
components is negligible, except for the
small error produced when the meas­
urement is made on the most sensitive
range on one meter with the other me­
ter indicating nearly full scale on its
least sensitive range.

The possibility of a 30-to-1 differ­
ence in full-scale sensitivity results in
several restrictions on the oscillator and
phase-shift networks. If the impedance

magnitude unhalance is very large, a
small departure of the reference-voltage
phase angle from 90° will cause some of
the large in-phase voltage to produce a
small indication on the phase-difference
meter when it is set to its most sensiti ve
range. This error is proportional to the
impedance difference. If 61z1 is 10%, a
0.1 % change in frequency, or in the ele­
ments of the phase-shift network, will
produce an error of .0001 radian.

Oscillator harmonics will also cause
an error since they are not shifted 90°
in the phase-shift network.

These errors should be less than a
few divisions when 61z1 is 10% and
therefore only important when very
small phase-angle differences are to be
measured with a large impedance dif­
ference.

By far the largest error is caused by
the one-percent meter. This can pro­
duce a measurement error of 2% of full
scale since a zero center scale is used.
Thus, the over-all accuracy of dif­
ference indications is about 3%. This is
one meter division or 0.0 I % on the
0.3 % range. If either meter is used on
the 10% range, the eITOI'S can be slightly
larger.

Applications

The versatility of this bridge can be
indicated by a brief summary of the
uses to which the early models have al­
ready been applied. Among these are:

I. Measuring the drift of deposited­
carbon resistors. The changes to be
measured were very small, and repeated
measurements were made on thousands
of units. Without the accuracy and the
speed of measurement offered by the
Impedance Comparator, these studies
would have been so time consuming as
to be impractical.

2. Inspection of silvered-mica sheets
for use in standard capacitors. Sheets
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with excessive losses are rapidly identi­
fied and rejected.

3. Measuring the phase shift in vari­
ous types of wire-wound resistors. Here,
the problem was to select resistors for
audio-frequency voltage dividers in
which phase shift could not be toler­
ated.

4. J\1easurement of the coefficients
of temperature and humidity of com­
ponents in an environmental test cham­
ber. In this application the guard ter­
minal is used, and, since the meter volt­
ages are brought out to terminals, a
graphic recorder is operated to yield a
permanent record of the test data.

5. Inspection and adjustment of
ganged capacitors and potentiometers
for desired tolerance in tracking.

G. Adjusting inductors to precise tol­
erances by adding or removing turns.
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7. Comparing samples of dielectric
materials.

8. Inspection of balanced trans­
former windings.

9. Automatic sorting - two units
are already scheduled for use in auto­
matic sorters. The ability to measure
both magnitude and phase differences
makes possible the automatic inspec­
tion of complex networks. An example
of this is the testing of etched circuits
by measurement at test points.

The precision and speed of this
comparator bring laboratory accuracy
to production-line testing; conversely,
it brings production-test speed to lab­
oratory measurements. Its unusual
combination of features make it a truly
universal instrument, equally useful in
both fields of application.

- MALCOLM C. HOLTJE

- HENRY P. HALL

SPECIFICAlIONS

Impedance Ranges:

Resistance or impedance maynitwle: 2 Q to
20Mfl.

Capacitance: 40 J-IJ.lf to 500 J.d; to 0.1 !-'I.d with
reduced sensitivity.

Inductance: 1O,uh to 10,000 h.
Internal Oscilh:Jtor Frequencies: 100 C, 1 kc, 10
kc, and 100 kc; all ± 3%.

Meier Ranges:

Impedance Magnitude Difference: ± 0.3%,
± 1%, ±: 3%, ± JO% full scale.

Phase Angle Difference: :±: 0.003, ± 0.01,
::l:: 0.003, ± 0.1 radian full scale.

Accuracy of Difference Readings: 3% of full
scale.

Voltage Across Standard and Unknown: approx.
0.15 volt.

Tube Complement:
1-5651 5-12AT7
1-5751 3-6U8
3-12AX7 1-6AS7G
4-6AL5 1-3AlO

I-VE-65Al

Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 cycles; 100 watts input at 115 v
line.

Mounting: Relay-rack panel with cabinet; TYPE
I6D5-AR has fittings to permit either instru­
ment or cabinet to be removed from rack with­
out disturbing the other; TYPE 1605-AM has
end supports for table or bench use.

Dimensions: Panel 10 x 8% inches; depth behind
panel, 12 inches.

Net Weight: 29Y21bs.

Type

160S-AR I Impedance Compargtor (relay-rack mounting) •••
160S-AM Impedance Comparator (bench mounting) ••••••

U. S. Patent No. 2,548,457.

Code Word

GUNNY
GIPSY

Price

$790.00
790.00
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NEW COAXIAL ELEMENTS

ATTENUATORS, FILTERS, LINE STRETCHERS,

DETECTORS, ADAPTORS

Figure 2. Cross_Section of Fixed Attenuator.

I See General Radio Bzperinunter for :\farch 1956, page II.

SERIES RESISTOIlS
ON ROO

SPRING CrlUCK

COMPENSATING
SECTIONS

SPRING CrlUCK

stability and accnracy. All resistanep,
are held within '" 1%.

The T elements arc mounted as
shown in Figurc 2, with the series ele­
ments connected to the centcl' conduc­
tors of the input and output lines by
means of spring chucks, and the shunt
element connected to the outer shell of
the line by means of a coil spring, which
is pressed into a groove in the outCI'
conductor. The outer edge of the disk
on the T element slides into the ring
formed by the spring, compre ing the
spring radially and causing each coil
of the spring to make a good connection
between the walls of the groovc and the
outer rim of thc disk. In this manner,
an excellent low-inductance conneciion
is produced. The reactances of the ele­
ments in the tee are controlled by slmp­
ing the outer conductor in the vicinity
of the resistive elements.

These pads are equipped with TYPE
874 Coaxial Connectors at each end. An
extensive series of adaptors is avail­
able, which makes po ible very Iow­
reOection connections to most of the
commonly used types of coaxial fit­
tings. l

FIXED ATTENUATORS

Figure 1. Type 874-G Fixed Attenuator.

The continuing development pro­
gram for improving and expanding the
line of TYPE 874 Coaxial Elements has
resulted in the addition of several new
components. A new series of fixed at­
tennators having very low VSWR and
high stability have been developed,
along with two new low-pass filters, two
different types of constant-impedance
adjustable-Icngth line, adaptors from
TYPE 74 Connectors to TYPE LC
Connectors, and a new crystal detector.

A fixed attennator is often nsed to
red nee the VSWR of a generator, de­
tector, or other element; to reduce the
signal level by a known amount; 01' to
provide isolation between two parts of
a circuit. The requirements for these
applications are very satisfactorily met
by the new TYPE 8U-G Fixed Attenna­
tors (Figure 1), which are available in
3-, 6-, 10-, and 20-db sizes and have a
high power-handling capacity, a low
VSWR up to 4000 Me, and small size.

The attenuating clement is a resisti,'C
T-pad made up of deposited-carbon
resistance elements on a ccramic base.
The resistor assembly is a single integral
unit. The use of deposited-carbon re­
sistance elements gi ves the pads high
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VSWR

These pads ha"e excellent VSWR
characteristics, The US \VB of a typical
unit from de to 4000 ~rc is shown in
Figure 3, For a 20-db pad, the VSWR
is below 1,1 up to 1000 :\Ic and below
[.30 up to 4000 Me. The "SWH tends
to he slightly higher in the !mycr at­
tenuation units.

AHenuation

The magnitude cf the attenuation
varies only slightly ,,-ith frequency and
,"cry slightly between units. At de the
1 '10 tolerance on the resistance elements
call cause a maximum error of 0.17
db in the 20-db pad. This maximum er­
rol' decreases with the attenuation of
the pad. The variation in attenuation
with frequency of a typical unit is
plotted in Figure 3.

Power-Handling Capacity

The continuous po\\"cr rating of 1
watt cw is adequate for most applica­
tions. In pulse applications. the depos­
ited-carbon elements ,,-ill easily stand a
pulse "having a peak pO\\'er of 3 kw as
long-as the avcrage power does not ex­
ceed 1 watt,

Constant-Impedance
Adjustable-Length Lines

Two Ilew adjustablc-lcngth lines have
been developed. Olle, t.he TYPE 874-LT,
consist.s of two TYPE 874-LK20* Con­
stallt-Impedance Adju:;tahlc Lilies per­
mancntly ('onnccted to a l~-hloek to
form a "trombonc" as shown in Figure
4. The ad\-antage of this arrangement is
that the length of line can be varied
,,-ithout moving either the input or out­
put connections. In many applications,
a considerable amount of hench space
can be savcd if thc trombone is mounted
"ettieally on a TYPE 874-Z Stand. Two

MEGACYCLES

Figure 3. VSWR ond Voriotion in Atlenuotion with
Frequency for Type 874·G Fixed Attenuofors.

Figure 4. Type 874-lT Trombone Constont-Im­
pedonce Adjustoble Line.

TYPE 8H-EL Ells can be connected to
the ends of the lille to make the input
and output connectors face back-to­
back on thc same lille.

The maximum variation in line length
is 44 em or one-half wavelength at 340
Me, The VSWR of a typical unit is
shown in Figure 5. This line stretcher is
primarily designed for use below 2000
Me, but can be used up t.o 5000 Me.

Threaded holes are provided for at­
taching the unit to a lead-screw or rack­
and-pinion drive if desired.

T'he second lIew adjustablc line is
the 1'1'1'1'; 874-LI<10 Constant-lmped­
ancc Adjustable Line, which is a shorter
version of t.he TYPE 874-LE20* Line,
The ncw line is primul'il.v designed for
ul:ie above 1500 1\11e sill(,c its lellgth call

be varied over a half \\-avelellgth at this
and higher fl'equencie:s. There is, how­
ever, 110 low-frequency limitation on its
use. Its small size makes it more con­
venient to use at the higher frequencies.
The VSWR of a typical unit is shown in
Figure 5.

>;< Formerly, Tyl'F. 874-LK.
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CRYSTAL VOLTMETER DETECTOR

Cl(nCT(~ OYTPyT

Figure 8. Cross-Section of Type 874-VO Volt­
meter Detector.

Figure 7. Type 874-VR Valtmeter Rectifier (similar
ta TI;>e 874-VO Voltmeter Detector).

rn mall,\' mC'3Stl rcmcn t..... a \\-cll­

matched delcdor if) needed, or a \"oltage
at some point along a .SO-ohm line must
be measured or monitored without in­
trodll(·ing a largc diseontinuity in the
line. The T\"PE 87-1- \'Q \'oltmeter De­
ic(·tor will pcrform eithcr of these func­
tions..\s ;')ho\\-n in Figures 7 and 8. it is
similar to the Tn',", 874-l"!i \'oltmeter
Hc(·tificr, CX<'CpL that it doc~ not con­
tain a series .30-ohm resistor. and it does
contain ('ompcllsating elcment:; to mini­
mize the diseontinuity produced b.\- the
shunt rcactance of the ('rystal diodc.
As shmnl in Figurc 9, thi5) unit pro­
duces a \'el')' 10\\- \'8 \VB in a matched
50-ohm line at fl'cquencie:s up to 2000

GENERAL RADIO EXPERIMENTER
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CUT-Off FREOUENCY

Figure 6. Typical Frequency Characteristic, Type
874-F Low_Pass Filter.

~ u+-t--+--I

~ 1---+---+-1-+1+'
~

Figure 5. VSWR of Types 874-LT and 874-LK10
Adjustable lines.

LOW-PASS FILTERS

Two new IO\\'-pas8 filters han~ heen
added to the linc. for measurement ap­
plications jn the frequency range abQ\-e
1000 ~lc. These units, the TYPE 8f.!­
FZOOO and -F~OOO Low-Pass Filters. cut
off at 2000 ~rc and ,1000 ~rc respec­
tively and arc similar to the TYPE 87-::1­
F18.5, -FoOO and -1'1000 Low-Pass Fil­
ters already amilahle. All these filters
are design cd 011 a Tsychebyscheff basis,
in ordor to obtain tho maximum rate of
cutoff and minimum spurious rcsponses
in the passband. The design allows a
maximum of 4 db of insertion loss in the
passbal)d.

In mea1::l11l'emCnLS of high standing­
wave ratiof) or of large valucs of inser­
tion loss, thc W=iC of a low-pass filter to
climinate harmonics is usually neces­
sary. T'he TYPJ~ 87-l-F series of filters is
well suited to thc$c measurements.
Figure (j show!:; a typical frequcncy
charaf·teristic· .

'"o,
l::g 10

z
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~
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Figure 10. Types 874·QLJ and 874·QLP Adapton.

Figure 9. VSWR and Frequency Response of
Type 874-VQ Voltmeter Detector.

ADAPTORS TO TYPE LC CONNECTORS

I'llIIlOf974 I'llIIlOflC PAIllOf 974 I
CONtlECTCIlS Co-fCfOllS f~tl[CTOIfS f-+--i
~•. ~-I

.2 ~::': 974 OlJ.....:.......740LP--: T~T'[D
, ,lC/ofo.PfOIl ' Ao,o.PTOll I IN $0 ,

\Vith the increased adivily in the
use of large-sjzed coaxial ('able in high­
power applications, there has been an
increasing demand for adaptors to
TYPE 874 Connectors to facilitate
measurements on circuits fitted with
Tn'E I.e Connec'!ors. The TnE H­
QL_J Adaptor mates ,yitb low-\·oltage
TYPE LC plug-type connectors for
Tn'E RG17/U cable, similar to TypE
UGJ54/U; and the TYPE 874 QLP
.\daptor mates with low-voltage jack­
type connectors, similar to TYPE

UG352Aj,,_

lating Po,,·er Suppl)-. and the TYPE
1750-r\ S\\-eep Dri\"e::! for measurements
of the transmission chal'aeteristics of
various elements and networks. The
voltmeter rectifier is used at the input
to the unknowlI to keep the input yolt­
age constant, and the \-oltmetcr detec­
tor, terminated in a Tne 871-\\1:\1 Ter­
mination ljnit, is used at the output to
measure the output signal. A T'YPI<;

IN23BR H.eversed-Polarity Cr.vtital Di­
ode is supplied in order to present a
right-side-up response curve on the
fare of an oscilloscope.

! See Ge"~rf.lliladio Experimenter for April. 19.}5.

Figure 11. VSWR and Diagram of Types 874·QLJ
and 874·QLP Adaptors.
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:\[e. The detector can therefore be
in~erted ill a 50-ohm line wilholll oc­
stroyillJ; the match. Above 2000 :\[e,
rc::;onaneCti in the crystal cause t.he
\·SWR to rise rather rapidly. For ,·olt,­
age mca:::iUl'cmcnt, the TYPB 87-:1-vr
Voltmcl CI' liidicator is used. An onlinal'Y
d-c voltmeter can be used. 1'01' monitor­
ing power.

This dHedor ean also be L1sed La
rceO\'or the modulation from the I'-f :;i~­

Ilal; the modulation appears across the
output tonnector. The output r-f bypass
eapa<.:itol' is 300 J.LJ.l.f; and, therefore, for
modulatioll signals that include high­
frcqucll('y components, a suitable load
resislor must be connectcd across til<'
output. \Vhcn onc end of the coaxinl
line i:s tcrminated in a TYI~"'; 87-!-\r~1

Termination Unit, the assembly can he
used as a well-malf'hed detector.

One important application is in COI1­

junction with the T'-PF: 87-I-VIl. Volt­
meter Ilectiner, the Tn'''' lZfi1-.-\ Regu-

1---+----+-+--"--11/" \ f \
~ f---j-+--j--t-'f-I,--_\\\....--I~
~I.I 1/ _

SI-I-~;H~3~~·~~I-·=-J~1=:~:+E-~--\~"\·:S~=~10/' I I
o 1000 2000 3000 4000

FREOUEf\CY-Mc
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TYPES 874-G3. G6, G10, G20 FIXED
ATTENUATORS

Impedance: 50 ohms ± 1%.
VSWR: LC'SS than 1.1 to 1000 1\[(" 1.30 to 4000
1\1(' for 87-1--020, 1.;15 to 4000 i\'lc for all othcr
nttcl1uatol's.
Maximum Continuous Power Inpul: 1 watt.
Maximum Peak Power Input: ;WOO watts.
Physicol length: ;H~ inches over-all.
Weight: 2 OIlllf'CS.
Accuracy of Attenuotion in 50-ohm System:
± 1.5% of Ilomin:d aUenuaLion at dc, ± 0.2
db from valllc indieatcd in Figure:{ to 1000 ~I<:,

± 0.4 db to 2000 :\1(', ±0.6 db to 4000 l\le.
Temperature Coefficient: Less limn 0 0Cl03 dbr
C/db.

TYPE 874-LT TROMBONE

CONSTANT_IMPEDANCE ADJUSTABLE LINE

Chorocter;stic Impedonce: 50 ohms.
Frequency Ronge: I)-e to 2000 Me.
Adjustment Ronge· 44 em (h:df-w:we at 340
Me).
Physicol length: Adjusk'lblc from (j 1 to 83 em.
Spacing: J %(i illches betwccn ccnt.crs.
VSWR: [--pss thrln 1.10 to WOO Me, and 1.25 to
2000 1\1c.

TYPE 874-lKl0 10-CM CONSTANT_IMPEDANCE

ADJUSTABLE UNE·

Charocteristic Imp.donce: 50 ohms.
Physicol leng'h: Adjustable from 35 to 45 em
(half-wave at 1500 Mc).

VSWR: Less than 1.03 at 500 :\1(', LOG at 1000
1\lc) 1.08 at 1500 :\Ic, 1.10 at 2000 :\Ic, less
tlUHl 1.15 at :3000 ~1e) 1.2 at 4000 1\1e, ~lnd

1.25 at 5000 Me.
Weight: 10 ounces.

TYPES 874-f2000 AND 874-4000

LOW-P ASS FilTERS

Accurocy of Cut-off Frequency: -0%, +10%.
Physical length: Type 874-F2000, 4% illChesj
TYPE 874-F-I-000, 2% inches.
Weight: Tn}; 87.J-..F2000, 5 ounces; TYPE 874­
F-1000, 4 OlllWCS.

TYPE 874.VQ VOLTMETER DETECTOR·

Maximum Volta"e: 2 volts.
Resonant Frequency: Approximately 3600 ).[e;
cOITeclion eurve supplied.
VSWR Introduced in a M:Jtched 50~ohm Line:
Less UUUl 1.1 at 1000 "\fe, less than 1.2 at
2000 Me. Byp:tss Capaeitl1nec: ApPl'Oxirnatcly
300 ••f.
frequency Range For Use as Motched Detector:
500 kc to 2000 1\'1(;. Call be Ilsed at frequencies
up to 5000 Me and down to 00 eycles (with
extern:.1 bypass cap:u·itor).
Crystol: THE J:\'23-BR Hevcl'SCd Crystal to
provide proper output polarit.y for usc with
d-e oscilloscopes.
Frequency Re~ponse: ~ Figure 9.
Dimensions: 3~ by 2 14 Inches.
Weight: 5 ounccs.

• A\"l\ilable in July, 19~(j.

'J'ype Description Code Word Price

874-G3 Fixed Attenuotor, 3 db •••••••• _••••.•••••••••..
874-G6 Fixed Attenuotor, 6 db .••.••••••••.............
874-G10 Fixed Attenuatar, 10 db .
874-G20 fixed Attenuatar. 20 db ...............•...••..•
874-lT Trombone Constant-Impedance Adjustable line .
874-lK10 10-Cm Constant-Impedance Adiustoble line .
874-f2000 Low-Pass Filter, 2000-Mc Cut-off...•............
874-F4000 Low-Pass Filter, 4000-Mc Cut-off .
874-VQ Voltmeter Detector ............................•
874-QLJ Adaptor to UG154/U or A/U Type LC Connector ..
874-QlP Adaptor to UG352A/U Type lC Connector .

U. S. Patent No. 2,548,'157

COAXFULI.ER
COAXXOI)I)f)R

COAXDELI.EIl
COAXXEI'I'ER
CO XTIlOMI:JO

CO XKE:-ITER
COAXI'USII};n

COAX:LE:-IDER
COAX\'OQUEIl
COAXI.rrn;R

COAXI.UGGEn

$25.00
25.00
25.00
25.00
85.00
33.00
14.00
14.00
30.00
17.50
27.00

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400
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A VERSATILE GENERATOR FOR TIME-DOMAIN

MEASUREMENTS

At~" I NTH I SIS SUE

The new TYPE 1391-A Pulse, Sweep,
and Time-Delay Generator is a pulse
source and measuring device designed

l\IoRE XEW VARIACS .

~I.rSCELLA..l."Y .

PO(je
13
16

to meet the di\"crse requirements of
laboratories engaged in time-domain
measurements" It produces pulses of
medium power and good rise-time, O\"er
an extremely wide range of durations
and repetition rates, and it generates
time delays and saw-tooth sweeps over
comparably wide time intervals.
I Frank, H. W_, '" A Wide Range Pulse General.Qr for
Laboratory Apv1icatioll8," ProcecdiTlJl/f oj the Nafional
Electrtmic Conference, Vol. 8, Jan, 1953.

Figure 1A. Panel view of the generator unit; for view with power supply unit, see page 2.
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This instrument contains, in a single
assembly, (1) a pulse generator, (2) a
time-delay gencrator, and (3) a lincar
saw-tooth sweep generator. The timc­
delay generator has a cali bratcd range
from one microsecond to 1.1 seconds;
the linear sweep generator produces
saw-tooth ,,-avcforms ranging in dura­
lion from 3.0 microseconds to 0.12
sccond. The start and stol) times of
pulses continuously adjustable jn dura­
tion from 0.05 microsecond to 0.1 sec­
ond can be precisely set at any point
along this sweep by amplitude com­
parators.:! The pulse repetition rate is
set by an external generator, which may
hayc almost any wa,"cform.

The generator not only covers ,,"ide
ranges, but it produces its time delays,
pulses, and s\\"eeps with high accuracy
and stability. Its over-all usefulness is
greatly enhanced by its many termi­
nals, which permi t access to the \'arious
basic circuit groups that perform the
sequential operations in\"olvcd; and by
its internal switching, ,,-hich permits

%The amplitude comparators used throughout this instru­
ment RI'C Schmitt trig~cr circuits. (Note 3) For a
complete diSCU88ion, including a circuit for a sensitive
comparator, 800 M. C. Holtje. "A ~ew Circuit for .-\mpli·
tude CompariSOIl," General Radio Expen'rntnler. Vol. 30.
No.6, November, 1955, p. I.

the user to obtain many different com­
binations for oplirnum solutions to
partieular problems.

Throughout this instl'u[)1C'nt timing
is accomplished by the combination of
R-C integrator sweep circuits and am­
plitude comparators. The application of
these sin'lple, fundamental timing sys­
tems leads to circuits that are practi­
cally independent of tube characteris­
tics, havc fast recovcry tirnes, and good
signal-to-noisc rat.ios. Additional divi­
dends are linear dial scales and absolute
accuracies dependent only upon thc
stability of the resistors and capacitor,
of the integrator circnits.

In addition to accuracy and reliabil­
ity, this instrumcnt provides the user
with convenienccs and effects not pre­
viously available in other pulse genera­
tors. For example, a eomplctely I1C\\'

type of push-pull, bistable pulsc-output
circuit was incorporated. ']'his output
circuit proyides a moderately high cur­
rent (150 rna) into a numbcr of inter­
nally contained, switched, source im­
pedances. This balanced system has no
limit on duty ratio, and, since thc output
is fed directly to thc pulse output tenni­
nals) pulses of any duration can be pro­
duccd ,,-ithout ramp-off effects.

BASIC CIRCUITS

The basic circuit gl'OUpS ShO\Yll in
Fig. 2 perform thc necessary timing and
shaping opcrations. The groups consist
of:

(1) Input synchronizing circuits that
produce a single trigger pulse per cycle
from any timing wayeform. This trigger
pulse, referred to hereafter as the direct
trigger, serves as the basic timing signal.
It drives

(2) Delay circuits capablc of produc-

Figure 1 B. View of the complete Pulse, Sweep,
and Time-Delay Generator, with power 5upply.



3 MAY, 195' ~

r----------"'o~~

Figure 2A. SYitem block diagram, showing major
circuit groups and their interconnections.

t.he sweep Yoltage. The pulse duration
is continuously and accurately adjust­
able o"er a gamuL of 0.05 ~sec to 100,­
000 ~see by this method of t.iming. A
switch on the front panel

(a) provjdes normal operation ad

described,
(b) connects the input of the pulse­

generating circuits to panel terminals
for ext.ernal control of start and stop
ti mes, or

(c) makes available at panel ter­
minals the start-and-stop trigger pulses
that normally time the main pulse.

ing an accurately timed delayed trigger
pulse over the range 1 ~sec to 1.1 sec
after the direct trigger. These delay eir- ~c

cuits comprise: (a.) a majn delay-circuit f;'"

group producing a delayed pulse of 1 ,~,:, <>- +-"'-'",.,=__-'
,usee to 1 sec, find, (b.) a coincidence IN

system consisting of a monostable gaLe,
a coincidence circuit, and pulse-forming

;~-lo,-~~:~J;~J===:::;;t-'UT[circuits to produce a delayed synchro- $TART "Lf "(~UH

nizing pulse. 'This coincidence system Tit>(; .......

o'>~ (01'.-

permits su(;h operations, as tclcvision- A ',~r

line selcrtion, sta.bilized delays, and ss,g~ .1-- "0. r.i
mult.iple pulsing of t.he pulse generat.or.

(3) ...-\ linear sweep circuitJ producing
a 250-volt push-pull sawt.ooth a"ailable
at panel terminals and yariable in steps
of 3, 6, and 12 JLSeC, with a 5-decadc
multiplier to provide for a maximum
sweep duration of 0.]2 soc'. The sweep
duration is continuously adjustable
0\'01' a range of ::l::: 10% so that any
repetition frequency can be used. In
addition t.o the s"'eep ,·olt.age, push-pull
40-volt gate pulses of sweep duration
are prO\'ided at front-panel terminals.

(4) Pulse genera.ting circuits \\"hose
timing is controlled by trigger pulses
derived by amplitude comparison from
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Figure 3A. Block diagram of input
circuit.

o DIRECT
l ~YNCH.

J\-0UT

'¥ ~
SWEEP TRIGGER ""¥"

SWITCH DELAyED
....------<> 0 DELAYED. TRIGGER

O$INGLE P'Uc..L-SE--~Tg~~jl~P

A direct-coupled, push-pull output
system makes the output pulses useful
over their large range of durations. The
output impedance can be set at valucs
of 50, 75, 100, 300, and 600 ohms with
a rotary switch.

Throughout the system no circuits
have been used that must be restricted
in duty ratio, so that there is no limit
except recovery time on the maximum
duration of sweep or pulses. The maxi­
mum duty ratio is limited by recovery­
time to approximately 90% of the
period set by repetition rate.

CIRCUITS, CONTROLS, AND
INTERCONNECTIONS

Input Circuits. (Figure 3) The input
circuits consist of an input amplifier,
Schmitt circuit,3 pulse-forming circuit,
amplifier, and output cathode foUower.
Thc Schmitt circuit, driven by the
direct-coupled amplifier, in turn drives
the direct-trigger pulse-forming circuit
to produce the direct-trigger pulses at
prf's between about 3 cycles and 500
kilocycles. This direct-triggcr pulse is
used to synchronize the rest of the cir­
cuit gl'oups within the instrument. It

J Schmitt. Otto }<~., "A Thermionic Trigger." Jour. SCI.
In,I, .. 1938, XV, p. 24.

can be formed on whichever zero cross­
ing the user selects. For sine-wave and
square-wave inputs, the trigger-gener­
ating system requires approximately
0.5 volt peak; for brief pulses of either
polarity, approximately 10 volts.

The pancl switch that selects posi­
tive-going or negative-going voltages
has positions in which the direct-trigger
pulse is fed to the coincidence circuit to
provide for multiple pulsing.

The sweep circuit and the delay cir­
cuit can be triggered simultaneously by
the direct-trigger pulse, or the sweep
circuit can be triggered by the delayed
synchronizing pulse. These two modes
of operation, selectable by a panel tog­
gle s\\;tch, make available the delayed
synchronizing pulse during the sweep
time, or, alternatively, make use of the
delay circuit to delay the sweep with
respect to the direct-trigger pulse.

The direct synchronizing pulse is a
100-volt, 1.5 !,sec, positive pulse fed
from a cathode follower to a pair of
binding posts on the front panel. Lag­
ging slightly behind the direct-trigger
pulse, it can be used to trigger auxiliary
equipment such as oscilloscopes and

Figure 38. Time re­
lotionshlps in input

circuit.

LINE a ReSIDUAL
0.411 SEC

SCHMITT
TRIGGER

DELAY 5 SWEEP
DIRECT TRIGG~EROV----::-,--Y------V"-----"--

DIRECT
SYNCH. PULSE

TIMING
INPUT fp
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counters. It can also be used to initiate
the main pulse when the pulse duration
is to be determined by the delay circuit.

Except for an input-coupling capaci­
tor, the input amplifier and the Schmitt
circuit are d-c stable. If it is desired to
trigger the generator at very low rates
of change of input voltage, the input
capacitor can be shorted out. The
Schmitt circuit is adjusted in the labo­
ratory foJ' maximum sensitivity for
sine-wave and square-wave inputs. If
the particular application of the pulser
requires that it be sensitive to either a
positive or negative pulse of low ampli­
tude (less than 10 volts) an internal
screw-driver adjustment permits setting
the circuit to be more sensitive to one
or the other pulse polarities. This con­
trol can also be adj usted so that the
Schmitt circuit will trigger precisely at
either positive or negative zero crossing.

When the generator is driven by a
brief, rapidly rising, input pulse, there
is a time delay of 0.4 }"sec between the
input pulse and the direct-synchroniz­
ing pulse. This time delay permits:
(a.) the establishment of an accurately
predetermined minimum delay and,
(b.) the observation of the direct syn­
chronizing pulse on almost any oscillo­
scope triggered by the input pulse.
Delay Circuits. (Figure 4) The direct­
trigger pulse starts the delay circuit by
opening a bistable gate. The opening of
the gate starts a sweep, which produces
a rising voltage whose slope is deter­
mined by an R-C circuit. The delay
control, a ten-turn potentiometer, pro­
vides a voltage reference for an ampli­
tude comparator. When the sweep volt­
age reaches the level set by the delay
control, the amplitude comparator oper­
ates to form a trigger pulse that closes
the bistable gate, ending the sweep and
returning the loop to its original state.

The dial for the ten-turn potentiom-

MAY, 1956 ~

eter is calibrated linearily in 1000 divi­
sions and provides an accurate reading
of the delay with high incremental reso­
lution. Delay is direct reading in micro­
seconds, the basic range being from 1 to
11 microseconds with a six-decade range
switch, which changes the R-C circuit
constants.

This form of delay circuit, where the
basic R-C timing circuit is an integra­
tor, has lower noise than the simpler
forms of monostable circuits. Careful
measurement shows time jitters caused
by circuit noise to be as low as 1 part in
50,000. Care has been taken in the de­
sign of the circuit to minimize drifts and
transients resulting from line-voltage
variations, and all timing errors caused
by a ± 10% change in line voltage have
been reduced to less than 0.01% of the
dial reading.
Coincidence Circuit. A monostable coin­
cidence gate, adjustable from approxi­
mately 3 to 1000 }"sec, is a part of the
dclay circuit. This gate is opened by the
trigger pulse produced by the main de­
lay circuit, 1 }"sec to 1.1 sec after the
direct-trigger pulse. The coincidence
gate permits many useful time-selection
operations.' (See Figure 4C, and D).

In normal operation, the opening of
the coincidence gate produces the de­
layed synchronizing pulse (Fig. 4B). If,
however, the sensitivity of the coinci­
dence amplifier is reduced, it can no
longer be switched by the opening of
the coincidence gate and the circuits are
prepared for coincidence operation. The
injection of a positive or negative pulse
at the coincidence-drive terminals dur­
ing the time that the gate is open will
cause the coincidence amplifier to oper­
ate, and a delayed synchronizing pulse
to be produced. While the coincidence

4 Chance, n., eta\., IVaveforms, Radiation Laboratory
Serics. Vo\. 19, :McGraw Hill, New York, 1949. (Chapter
10 contains an excellent diseU88ion of time selection and
coincidence systems.)
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gate is open, as many delayed syn­
chronizing pulses will be produced as
there are input pulses to the coincidence
circuit.

Pro\'isions hiwe been n1ade for pro­
ducing Illultiple-pulse gJ'Oups internally
by pl'oper use of the main delay circuit
and coincidence system. An illustrative
timing diagram is shown in Figure 4D.

In this mode of operation, the main
delay circuit is used to "count-down"
the input prf by any desircd nUlllber up
to about 20 by appropriate setting
of the delay controls. The direct-trigger
pulses, which OCCur at the input prf,
are fed to the coincidence amplifier.
All of the direct-triggcr pulses that exist
during the Lime the coincidence gate is

A,~C:==~T'==~--.:~=:!,-' _DIRECT I I

~:~~~. - I -t- \ ) --r
~SlT::~TE 'r--~--===--t--- --- --~-----=i--------- ----

GEN. -r ~ ~
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PlJlSE I :

COt~~'rfNC~E*i -"~ "::.>.'~S~E~C~.--1-----1 '-- _
DELAYED ~Td~ !

SYNCH.PULS~Et==::'==!....;'""~====:t=====t'l ========

Figure 4B. Delay­
circuit liming; coin­
cidence circuit set for

normal operation.
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Figure 4C. Timing
of multiple pulses
when delay cir_
cuit is connected
for multiple-pulse

operation.
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open will operate the delayed-trigger
pulse-forming circuit to produce a group
of pulses.

Let us assurne that the input fre­
quency setting the basic prf is 100 kc.
The main delay circuit is set between
90 and 100 "sec to divide this input
frequency by ten. Let it be ,et to 92
p,sec. The coincidence gate is set for 20
microseconds, and coincidences are es­
tablished by the 10th and 11th direct­
trigger pulses to produce a pair of de­
layed synchroni~ingpulses separated by
10 ,usee at a 10 kc rate. Incl'casjng the
coincidence-gate duration to 30 J1sec will
add a third pulse to this pail' and so on.
Since delayed synchronizing pulses can
always be llsed to start the action of
the pulse generator, groups of output
pulses or sweeps can be produced (See
Figure 9).

To illustrate a usc of the coincidence
circuits with an external associated
timing generator, consider the example
shown in Figure 4C. Here the basic
repetition rate, j, is set by the timing
generator. Additional outputs at 10 f,
10'/ . 10"/ are also available from
the timing generator. Any of these
higher-frequency pulses can be fed
into the coincidence input terminals.
The timing diagram of Figure 4C shows
how multiple pulses, precise delays and
standardization of the time-delay cir­
cuits can be obtained.

To produce a group of pulses, the de­
lay controls are first set to open the
coincidence gate at the desired point in
time. The coincidence-gate duration is
then adjusted to an interval appropri­
ate to produce the desired pulse group.

When the coincidence-gate duration
is less than the time interval between
input pulses to the coincidence circuit,
only one delayed-triggcr pulse (or none)
will be produced. The timing of this
delayed-trigger pulse relative to the

MAY, 1956 ~

direct-trigger pulse is precisely con­
trolled by the timing generator.

The delay-circuit calibration can be
checked by determining the point at
which coincidence is j list established by
the opening of the coincidence gate.
This method is accurate to only ± 0.2
,usee owing to the finite rise-time of the
gate.

"Then the coincidence circuits are
dri ven by externally generated trigger
pulses, the delayed synchronizing pulse
always occurs when, and only when, the
pulse occurs at the coincidence input.
Thus, the delayed synchronizing pulse
will move step-\\"ise in time as the main
delay controls are operated, and the
delay interval has the same accuracy as
the timing generator.

The frequency dividers in the timing
generator are usually much more stable
in phase than Il-C timed monostablc
circuits, and the selection of delayed
pulses as described reduces the jitter
present in the delayed output to that
inherent in the timing generator.
Sweep Circuit. The sweep circuit is simi­
lar in form to the main delay generator,
consisting of a bistable gate, a "boot­
stl'ap"6 linear sweep circuit, an ampli­
tude comparator fixed to trigger at 135
volts, and a reset trigger generator
(Figure 5). The sweep timing is accom­
plished by the setting of R-C time con­
stants to produce the basic 3, 6, and 12
Msec ranges and their decade multi­
pliers. The push-pull sweep is fed from
two cathode followers to two pairs of
binding posts at which negative-going
or positive-going sweeps are available.
In addition, sweep-gate pulses are fed
in push-pull to front-panel terminals
where they are available, positive or
negative, as a gate or for intensifying
the trace on a cathode-ray oscilloscope.

The most obvious use of the s\V-eep is
& Waveforms, p. 267
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Figure SA. Block
diagram of the

sweep circuits.

.--------"";-;>''''''-------18 L-J

""'"SWEEP
TRIGGER

I~~-~-"
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to provide a simple means for viewing
the output pulse on any oscilloscope
capable of being deflected by direct con­
nection to the horizontal deflection
plates. In addition, the sweep can be
used to drive external amplitude com­
parators to generate additional pulses or
delays.' The main pulse circuits can be
started and stopped by external trigger­
ing pulses obtained from pairs of such
amplitude comparators, to provide
many pulses of independently con­
trolled duration and delay. With their
40-volt amplitudes, sweep gatcs are
adequate pulses for many testing pur­
poses. The TYPE 1219-A Unit Pulse
Amplifier, for instance, can be driven
by thcse gates to producc excellent
pulses for use as pedestals for the
main output pulse. Since the main
pulse always occurs during the time in­
terval in which the sweep gate is open,
this gate can be used to operate a keycd
clamp' to restore d-c level for the main
pulse anywhere in the external system.
Pulse Timing System. The positive­
going sweep is used to time the main
pulse generator. The linearly rising volt-
I Haltje, op. cit.
1 Wendt, K. R., "Television D. C. Component," R.C.A.
Review, Vol. IX, No.1, March 1948, p. 100 IT.

age operates two amplitude compara­
tors, one to start and one to stop the
pulse-generating circuits. The start and
stop reference voltages can be independ­
ently set by front-panel controls (Fig­
ure 7). The start voltage sets the posi­
tion of the "leading edge" of the pulse
along the sweep, and the stop voltage
sets the "trailing edge." The stop­
voltage (or pulse duration) dial reads
against an index carried by the start­
voltage (or pulse-delay) dial and,
therefore, reads directly in pulse dura­
tion. The excellent timing accuracy of
this system results from the good linear­
ity of the sweep as a function of time
and of the voltage-setting potentiom­
eters as a function of angle.

With this type of delay and dura­
tion control for the timing of the pulse
relati ve to the start of the sweep, the
sum of thc pulse delay and pulse
duration times must be equal to or less
than 2.75, 5.5, or 11 ~sec on the 3, 6,
or 12 Jisec sweep-duration control set­
tings. On the 3 microsecond sweep, for
example, a maximum pulse duration of
(}-2.5 ~sec can be set on the IOO-division
dial. Maximum pulse durations of 5 and
10 ~sec, respectively, can be similarly

DIRECT OR =R=~~?~=====t==J=~~DELAYED T I ·START·
TRIGGER _1-1 P

SWEEP GATE

POS.GATE _ ~- 13~... {NORMALl ~- sW~~~~~:;i6~DE

SWEEPRESE f-T._ V r
TRIGGER -j I

t---------------------_TIME

Figure 58. Time
relQfionships in
the sweep circuit.
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Figure 6A. Block
diagram of pulse.
timing CI"d out-

put circuits.

set on the 6 and 12 I'sec ranges. The
position of pulses of shorter duration
than these maxima can be set within the
stated limits. For instance, 011 a 12-,usec
sweep, a 5-,usec pulse can be positioned
over a range of 5 SlSec. For highest
accuracy and resolution the shortest
sweep that will accommodate the de­
sired pulse shonld be used. (See Fig­
ure 6)

Care in the circuit design and com­
ponent choice equal to that in the delay
circuits discussed previollsly leads to
101\" jitter figures and a high dcgrce of
rcliability. The extremcly high resolu­
tion of the delay circuit is not provided
in the pulse-timing system and is not
usually needed. 'fhe delay circuit, how­
ever, can be used to con trol pulses of
duration greater than 1 JJsec if ex­
tremely high resolution should be
needed.

The trigger-pulses for the pulse-gen­
erating eireuits are fed through a switch
to start and to stop a bistable pulse-con­
trolling gate. This switch permits the

operator:
(1) to start and stop the pulse with

the internally generated triggers from
the circuits just described.

(2) to start and to stop the pulse with
triggers generated externally. oj:;

(3) to obtain the internally generated
start-and-stop trigger pulses at indi­
vidual binding posts on the panel. These
positive-going pulses are obtained from
eathode followers and can be used to
control external circuits. They can, for
examplc, be used to measure flip-flop
resolution, since they can be set to occur
simultaneously. In this switch position
the main pulse is not gcnerated.
Main Pulse-Generating Circuits. (Figure
8) The start-and-stop-trigger pulses op­
erate a high-speed, bistable gate eireuit.
'I'his circuit drives a pair of pulse ampli­
fiers which, in turn, operate a pair of
butTers for the output stage. The push­
pull pulse-output stage is a single, 40­
watt, 5894 dual beam-tetrode tube oper­
ated as a current source with switched
load resistors across which the voltage

Figure 68. Pulse
riming diagram.

I--------T
: I

I-1-- ------'--
..j... ..!..

I

'0

POSITIVE 'i'ifl...--"'
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I
I
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TRIGGER
·STOP"

TRIGGER

DIRECT OR OELAYED)~;::;::;;;;;;::;;;;;;;;;;=:;==r=======SYNCH. I
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POS.
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pulse is de,·eloped. The conducting side
of the 5894 draws a current of 150 mao
The output system is balanced, and the
push-pull output voltages appcar at
coaxial connectors and parallel binding
posts. The common midpoint of the
load resistors is connected to an addi­
tional binding post that is normally
groundcd to the panel through a short­
ing link. "Gnder these conditions the
output pulses contain a negative d-c
component with respect to ground.
rariations in the d-c component of the
order of ± 25 volts can he ohtained by

10,000
POS ,"sec dura­

tion
NEG

0.5 Jolsec,
p~S son ter­

minated,
NEG 0.1 puc/

,m

Minimum
durCJtion,

POS son
NEG lerminated,

0.1 IJ.sec/
,m

Figure 7. Close-up of pulse-position and pulse­
duration dials.

the removal of the shorting link and the
insertion of an external voltage ob­
tained from any low-voltage laborntol'y
power supply or battery capahlc of sup­
plying 200 milliampercs,

With this all-push-pull, direct-cou­
pled system, no variation of pulse
characteristics with duty-ratio OCClII'S.

Pulses at any impedance level and with
any duration, no matter how timed, are
available without ramp-ofT effects.

Pulse amplitude is varied by COII­

trolling the screen voltage on the push­
pull output stage. This control is satis­
factory for changing pulse amplitude by
at least ten-to-one, but, where the best
shape characterjstics are desired in the
attenuated pulse, an attenuator for the
impedance lovel being used is prefer­
able. Where output impedance is not
critical, the desired reduction in voltage
can be obtained by fixed resistors
plugged into the front-panel bind­
ing-post pairs provided. The output
voltage is always cqual to 0.15 times
the total load resistance. 'Thus an ex­
ternal 7.5 ohm resistor in parallel with
the intcrnal 50 ohm load "'ill produce
a I-volt output pulse.

POWER SUPPLIES AND
MECHANICAL DESIGN FEATURES

To reduce the weight and bulk of the
pulse-generator itself, all the power sup­
plies are contained in a separate unit
(TYPE 1391-Pl) that connects to the
main operating unit through 5-foot
cables. This design feature reduces hum
and yibration in the main unjt and sim­
plifies cooling. All the d-c "oltages are
produced by consen'atively operated
selenium-rectifier supplies. The scle-

Figure 8. Output pulses.
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Sweep,
120 puc,
20 }lsec!
,m

Sweep
gate,
120 J.lsec,
20 jjsecl
,m

SO /-Isec
Qutput
pulse;
30 ~nec

delay on
sweep;
1son
output
imped­
ance; 40 v

Figure 9. Sweep, sweep gate, and pulse.
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1000 j.l5eC to

prf drive

100 ,l.Isec to
coincidence
drive

DelQyed trigger

1000 and 100
/-llec timing
combination

Triple pulse,
expanded
view; 60/-lsec
sweep, 50 /-Isec
pulse; timed by
deloy circuit

Figure 10. Time selection to produce a multiple pulse.

nium units are carefully located for
maximum cooling and arc derated by
about 2:1. Although rectifier life ex­
pectancy is ovcr 20,000 hours, they
have been made readily accessible for
ease in replacement.

The main unit has also been carefully
designed for both cooling and accessi­
bility of components. Forced-air cooling
using a quiet 3-inch squirrel-cage blower
maintains the hottest point of the cabi­
net at a safe 20°C above ambient.

NIany features to aid in maintenance
have been included. The multiplicity of
input and output binding-post connec­
tions to the various circuit groups with­
in the instrument makes it simple to
isolate a trouble. In addition, every
stage that does not have a front panel
connection is provided with a clearly

labeled and numbered test point, and
alt vacuum tubes arc marked by type,
V-number, and circuit function. All
screwdriver adjustments arc likewise
numbered and labeled to sho\\" their
circuit function.

As \\"ith all General nadio designs,
great care has been taken to make the
operating circuits independent of the
characteristics of \"acuum tubes and as
reliable as possible, consistent with the
high performance requirements. All
panel-mounted variable resistors arc
precision, wire-wound potentiometers
and, ·wherever possible, computer-type
vacuum tubes have been used. Etched
cil'cuits arc used wherever circuit ca­
pacitance is critical in order to insure
max.unum reproducibility of charac­
teristics. - R. II'. FRA"K

The author wishes to acknowledge the many helpful suggestions and ('riticisms made during the
course of this development. by lVI. C. Holtje, W. 1". Byers, D. B. Sinclair, and W. P. Buuck: and,
in addition, the contributions of \V. P. Buuck in the establishment of test and calibration proce­
dures. - R W. F.
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Rise Decay Rise Decay
.usee .usee ,usee .usee

Terminated Coax 0.03 0.015 0.02 0.03
50 ohms

10:02515 .u.uf Probe 0.03 Q.02 0.03
72 ohms
95 ohms 0.03 0.025 0.025 0.03

150 ohms 0.03 0.03 0.025 0.03
600 ohmg 0.05 0.05 0:04 0.05

Pulse Generating Circuit:
Pulse Duration: (Timed by sweep) 0.05 to 2.5,

0.05 to 5.0 and 0.05 to 10.0 between half ampli­
tude point-s, with decade multipliers to a maxi­
mum of 100,000 ,usee. Pulse length can be ex­
tended to 1.1 seconds if pulse is timed by delay
circuit.

Pulse Duration Accuracy: After sweep calibm­
tion, ±. (1 % + 0.05 ,usee).

Pulse Position Accuracy: 0.5 .usee ± 1% of dial
reading.

Pulse Rise Time: Depends on output imped­
ance chosen. Into a terminated 50-ohm coaxial
line, it can vary from 0.025 .usee by ±0.01 .usec.
The following are typical (0.1 .usee pulse as
measured on oscilloscope; rise time of vertical
amplifier O.OOG .usee):

Low End High End
of Dial of Dial

Time Jitter 1:10,000 1:50,000
10% Line Change 2:1000 2:10,000
Sudden 10% Line 3:1000 3 :10,000

Transient

SPECIFICATIONS
Duration: (yz amplitude) 1 ,usee.
Output Impedance: 600 ohms.
Repetition Rate: Amplitude constant to 300

kc; down 20% at 500 kc.
Time-Delay Circuits:

Range: 1.0 ,usee to 1.1 sec in six ranges.
Delay Dial Calibration: 1.00 to 11.00 in 1000

divisions.
Delay Dial Resolution: 1 part in 8800.
ACtu(ocy: Absolute, ±2% of full scale, or

:±:3% of scale reading + .005 ,usee, whichever
is smaller; incremental delay, ± (1% + .05
,usee).

Maximum PRF: 400 ke.
Duly Ratio Effects: Less than 2% error in de­

lay for duty ratios up to 60%, at the low end of
each range, and lip tp ~lO% at the higb end of
each range; proportional effects between.

Delayed Synchront:r:ing Pulse Characteristics:
Positive, 60 v, l.O-,usec half-amplitude duration,
600 ohm cathode-follower output.

Stability:

Positive Pulse Negative PulseImpedance

Pulse Shape: Overshoots and other defects are
less than 5% of pulse amplitudr;: when the pulse
generator is correctly terminated. Pulse ramp­
off docs not exist, owing to direct coupling of
output circuits.

Pulse Duty Ratio: Push-pull circuit with unity
duty ratio possible.

Output Impedance, Zo: 50, 72, 94, ]50, GOO
ohms, all ± JO%.

Output Pulse Amplitude: 150-ma current
source; voltage from each phase of push-pull
channel, 0.15 Zo ±20%.

Typical nominal amplitudes, 50 ohms, 7.5v;
72 ohms, lOv; 94 ohms, 14v; 150 ohms, 22v;
600 ohms, 90v.
D~C Component Insortion: Binding posts provided
for this purpose. DC can be moved ±25 volts
for all output impedances except 600 ohms.
Input Synchronizing Signal: Signals of almost
any shape will trigger the input timing circuits.
Average value must be approximately 0.2 volt,
minimum.

Typical input signal minimum amplitudes
are:

(1) Sine wave, 0.2 volt, rms.
(2) Square waves, 0.5 volt, peak-to-peak.
(3) Brief positive pulse, 10 volts, peak-to­

peak.
(4) Brief negative pulse, 10 volts, peak-to­

peak.
Internal screwdriver adjustment permits in­
creasing trigger-circuit sensitivity for either
positive or negative pulses.
Direct Synchronizing Pulse:

Polarity-positive amplitude: 75 volts pcak­
to-peak.

Coincidence Circuits:
Gate Duration: 3 to 1000 .usee.
Gate Accuracy: ± 15% or ± 1 .usec, w'hichever

is larger.
Coincidence driving circuit will accept either

positive or negative input pulses. Source im­
pedance should be low, have rise time less than
0.2 .usee. Amplitudes between 5 and 20 volts are
acceptable for negative pulses, and between 10
and 100 for positive pulses.
Sweep Circuit:

Sweep Duration: 3, 6, 12 ,usee with 5-decade
multiplier.

Sweep Linearity: Determined by the accuracy
of pulse timing. On longer ranges, where time
delay effects are absent, the linearity is better
than 1%.

Sweep Amplitude: Push-pull, each phase, 135
volts ±.1O%.

Sweep Gale Amplilude: Push-pull, each phase
40 volts ±1O%. Negative and positive sweeps
and the positive sweep gate are cathode-follower
output circuits with a l-.uf coupling capacitor.

Duty Ratio and Repefition Rate Effects: J'vIaxi­
mum repetition rate, 3 ,usec sweep, 250 kc.

Range :Maximum Frequency for 5%
Error in Sweep Slope

Sweep Time 3 .usee 6.usee 12 ,usee

x 1 150 kc 100 kc 60 kc
xlO 160 ke 12 kc 7 kc
X 102 1.6 kc 1.2 kc 700 c
X 103 160e 120 e 70 c
x 105 16 e 12 e 7 e



1-5894
1-611.1"8
1 -6BQ7A
1 -12BH7
1-6U8
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Tube Complement: Generator:
8-6485
5 - 5965 2 - 6AX8
4 -12AX7 2 -!2BY7
.5 - 6A).T5 2 -KE5l
2 - 5963 1 - 5687
Power Supply, 1 - OC3,

6A87.
Accessories Supplied: Interconnecting cables,
TYPE CAP-35 Power Cord, 2 TYPE 874-C58
Cable Connectors, spare fuses.
Olher Accessories Available: TYPE 1219-A Unit
Pulse Amplifier· for higher power output.

1'ype
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Accessories Required: Trigger source; practically
any laboratory oscillator of the appropriate
frequency range is adequate; the TYPE 1210-B
Unit R-C Oscillatort is recommended.
Power Supply Input: 105 to 125 (or 210 to 250)
valls, 50 to 60 cycles, 385 watts.
Dimensions: Generator, 19 (width) x 14 (height)
x 12Y'2 inches (depth) over-all; Power supply!
J9 (width) x 107'2 (height) x 127'2 inches (depth)
over-alL
Net Weight: Generator, 30 pounds; power sup­
ply, 40 pounds.

Gode Word

lJ91-AMt I Cabinet Model (incl. Power Supply)........ I EDIFY
lJ91-ARt Relay-Rack Madel (incl. Power Supply).... EBOXY

• See Expe.rimmltr for July. 1955, pp. 9-15. : U. S. Patent No.2, 548.457.
t See EXPfflrlltflltr for ~Iay, 1955, pp. 1-11. Licc~ under l>lltCnts of the

America.

MORE NEW VARIACS®

$1745.00
1745.00

Rudio Corporation of

The ncw \V2-scrics Variacs arc 2­
ampere counterparts of the '¥5 series,
preYiously announced} 1'he ncw \V2·­
series Variacs are identical in design,
construction and appearance to their
\V5 brothers, djffering from the latter
only in electrical rating, size, and
weight. All current and kva ratings are
40% of the \V5 ratings. Panel mounting
area, volume, and weight are each
about 50% of the measurements of
equivalent \V5 series models. Figure 1
shows the basic model, TYPE W2.

The basic, uncased model carries a
2.4-ampere rating, an increase of 20%
over the TYPE V2 which it supersedes.
Other features inelude Duratrak brush
track, unit brush, captive counterbal­
anced radiator assembly and square
flange mounting. l\1ounting holes match­
ing those of the V2 and the earlier TYPE
200-B are also provided, so that the new
unit directly replaces these models in
practically all cases.

Entirely new in this size Variac are
cased models for fixed installations as
'Experimt;l'ltu, Deeember, 1955.

Figure 1. View of Type W2 Variac. Mounting holes
are on a 2¥.-inch square. Depth behind panel is

J 1'lS6 inches.

well as for portable and bench use. The
totally enclosed Type W2M can be
wall- or panel-mounted. Standard Ys in.
diam. knockouts are provided for Yz in.
conduit or cable connectors. Portable
models include line cord, convenience
outlet, line switch, and carrying handle,
plus resettable overload protector, first
introduced in the W5 series. W2Y1T is
provided with two-wire cord and out­
let; the W2MT3 has the new standard
three-wire fittings which ground the
equipment.

The square-base design makes gang­
ing simple, and assemblies are available
both witb and without enclosure. A
number of variations of the standard
design arc also possible. For example,
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Case dimen­

sions, both

types ora

(width) 4 V,
x (height)

s91i6)( (dept~l)

4 Y4 inches,

over_oil

Figure 2. Type W2MT, with overload protedor. Figure 3. Type W2M, with conduit knockouts.

units for 360':1 rotation and L,,'o-brush
models arc 3\'ailablc on special order.
~lotor-dl'iYen assemblies ,,"ill be an­
nounced in a future issue of the Experi­
menter, as \yill the stock a\'ailability of
units equipped with ball bearings.

NEW 400-CYCLE MODELS

The constrllction of the two-ampere
and five-ampere 400-cycle models,
'l'YPJ::s lVI2 and :~VI5, have been I'e\'jscd
to include all the features of the GO-cycle
models. These 400-eyele models are now
identical to the GO-cycle models except

for the ob,'ious difTerence in ycrtical
dimension, made possible by the lower
slack height of the high-frequency units.

Fungus-resistant treatment has been
added as standard and stock units now
pass most commonly encountered mili­
tary corrosion, salt-spray and fungus
specifications, as well as shock, vibra­
tion and humidity requil'enlCnts. IVlanu­
racturing economies resulting from the
use of parts common to the 50-cycle
(\V-series) units permit a significant re­
duction in price, as shown in the fol­
lowing table:

Figure 5 (left) Type W2G2M; (right) Type W2GJ
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E,"cn more striking is the comparison
with the TYPE 60-..\ C, predecessor of
the ~[5, \rhich listed fi,'c years ago at

Type ~(5.

Type ~(2 .

Old Style
22.50
15.50

.Yew Design
18.50
14.50

28. These lower prices, accompanied
by substantially impro\'cd performance.
ha\'c been accomplished in a period of
rising material and labor costs and are
the result of a continuous program of
careful attention to design, tooling and
produclion method:::;.

SPECIFICATIONS FOR W2-SERIES VARIACS

lAne· \'olta(Je
Connertion

Overvollagc
Connection

See Note Below

See Note Belou'

Code I
Il'ord Price

2.-1 3.5 5-JO :~;:; Ii HAG..o.L $13.50

2- a.51 5- 10 I-JJ/s~ J-a.oo
-2- :~.5 5-10 -1% 8 ....G!C~

2 3.5 5-10 -1% I BAGOM 26.00

;;.
§

~ I ]
-~ .~~ -~
;:: §' ... ~ E. ~~
~~ ~~ a a~
-1---

0-115 :U 0.36 0-I:l5
0-1 15 2:6 o::iO 0- 1:15

O-1;~5

2.-1
-2-

115
U5
115

W2 Uncascd
W2~ \Yithca...o:;e
W2MT Portable

2-wire
W2MT3 Portable

:~-wire

Type

XOTE I. :\11' models are shipped with overvoltage connections and corresponding dial scales, bUL
elm be supplied 011 special order with line-voltage connections a.nd dial scales.
XO'fE 2. The TYPE \\"2 dial plato is reversible, with 0-115 on one side, and 0 1% on the other.
Angle of rotation is 320 degrees.
l\O'I'''~ :!. Replacement brushes for THE \\'2 Variacs arc TYPE "B-1, 55e each.
NOTE .1. Complete dimension drawings furnished on request.

TYPE M2 AND TYPE M5 VARIACS

Oulput Current

jDeP1i1 lJeM>ld'

\ IType Rated Max. Panel Net IVeight Code II"ord Price

M2 2 3 I 2Y2 inches 1 r. pounds
I

BAGGy

I
$14.50

M5 5 7.5 2% inches 31.1. pounds CAX:";Y 18.50,
GANGED MODELS

Type Description .\"et II'eight Code WQrd Price

W2G2 Two-gong 7 pounds BAGALG.... :..;OI; $32.00
W2G2M Two-gang with case 8 pounds BAGALBOXOU 40.00
W2G3 Three-gong 11 pounds BAGALGA;.;'TY 48.00
W2G3M Three-gang with case 12 pounds BAGALBOXTY 56.00
M2G2 2-gang M2 3% pounds BAGGYGANDU 33.00
M2G3 3-gang M2 5lh: pounds BAGGYGANTY 49.50
M5G2 2-gong MS 6% pounds CA;.;'NYGANDU 41.00
M5G3 3osons M5 lOY.. pounds CANNYGANTY 61.50

Combridge, Moss

General Radio acoustical apparatus will
be on dispby at the exhibit held in ~Iemo-

SECOND INTERNATIONAL CONGRESS ON ACOUSTICS
June 17-23, 1956

rial Hall, Harvard University, June 20 and
21, in connection with this Congress.
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PRESIDENTS-OLD AND NEW

Charles C. CareyErrol H. Locke

On December 31, 1955, Errol H. Locke
retired as President of the General Hadio
Company and, on February 16, 1956,
Charles C. Carey was elected to succeed
him.

NIr. Locke came to the General Radio
Company in 1918, three years after its
founding, and became Vice-President in
1920. His first association was with COffi­

mercia.l and sales matters; later, as Vice­
President, his main concern was with
production. He was elected President in
1944 and held that post continuously until
his retirement. As President, one of his
primary interests was personnel policies,

a field in which his long experience and deep human sympathies were particularly effective.
Mr. Carey's association with the General Radio Company began in 1927 in the production

department. In that same year he became foreman of the winding department. He was
appointed assistant to the Vice-President for Production in 1.931 and Production Superin­
tendent in 1934. '''hen EtTol H. Locke became President in 1944, rVlr. Carey succeeded him
as Vice-President for ".\1anufacturing and continued in this on-ice until 1956.

CHAIRMAN HONORED

At the annual meeting of the Scientific Apparatus J\1akers Asso­
ciation in Belleail'e, Florida, April 11, Harold B. Richmond, Chair­
man of the Board of Directors of the General Radio Company
received the Scientific Apparatus ".\'Jakel's Award "in recognition
of his leadership, vision, and devotion to the growth ~tnd progress
of the scientific instrument industry." .i\1r. Richmond's record of
service to the Association elates from 1938. I-Ie was chairman of
its board of directors in 1947, its president in 1938, and is at present
a director-at-large. He is the first person in the history of the
association to receive this award before retirement.

Harold B. Richmond

AMERICAN SOCIETY FOR TESTING MATERIALS
59th Annual Meeting Chalfonte·Haddon Hall

At the apparatus exhibit held in conjunc­
tion with this meeting, General Radio will
exhibit some of the new items recently
announced in the Experimenter. Among these
are the TYPE l60S-A Impedance Compara­
tor, the TYPE 1230-A D-C Amplifier and
Electrometer, and the 'V-model Variacs.
Other equipment in the exhibit includes

Atlantic City, N. J. June 18-21, 1956

bridges for measuring impedance, power
factor, and insulation resistance; strobo­
scopes; polariscope; sound- and noise-meas­
uring instruments, and voltage regulators.

Plan to visit the General Radio exhibit in
booths 48 and 49. Our engineers will be on
hand to discuss your measurement problems
with you.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6·4400
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A HIGH-PRECISION

FREQUENCY

CALIBRATOR

AND TIME

FOR

The TYPE 1213-C Unit Time/Fre­
quency Calibrator is in no sellse a simple
redesign of its pl'cderessor, the TYPE

1213-A£ Lnit Crystal Oscillator.' It is
an all-new design that reflects both the
field experience gained from the earlier
instrument and the advances in elec­
tronic ciJ'f'uit techniques over the past,
five years. The new calibrator com­
prises, in a small unit-type casc, all the
circuits ncrcf3sary for the frequency
calibration of oscillators, receivers, and
other wide-range devices up to frequen­
cies somewhat above 1000 Illegacycles;
and for th('l sweep-time calibration of
oscilloscope.':> at intervals from 0.1 J.lSCC

to 100 Msec.
A comparison of the old and new

1 H. 11. Hichmond. "Unit Crystal Oscillator," General
Undio t.'.rperimoller. Feb.. ]9.52.
.. r"lpl'O\'()(1 en;t Crystal Oscillntor," Geneml f?adio
EX/H'rimnl!tr, ::::ept.. 1955.

instruments ~ho\V four important new
features of the Time/Frequency Cali­
brator:

(1) lO-Mc harmonic series.
(2) A crystal mixer good from low

frequencies to frequencies above 1000
Me.

(3) An amplifier for audible beats,
which makes possible direct calibration
of oscillators up to 1000 Me.

(4) A video amplifier for the multi­
vibrator output to permit oscilloscope
time-axis calibration and to make the
output standard-frequency wave-forms
available for driving external pulse
equipment.

Additional features are ease and re­
settability of calibration, frequency de­
viation with no disturbance of cali­
bration, and improved frequency sta­
hilityand reliability.

Figure I. Panel view of the Type 1213-C Unit Time/Frequency Calibrator with Unit Power Supply.
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Of particular importance is reliability,
which is becoming of more and more
concern in these days of increasing
electronic complexity. The TYPB l2l3-C
Unit Time/Frequency Calibrator, con­
taining only seven vacuum tuhes, is
not in the class with instruments re­
quiring a major reliability analysis; yet
it renects thinking on the subject which
will be applied to instrullwnts more
than on order of magnitude more com­
plex. The Jnultivibratot's, Llsed as fre­
quency dividers in t,his instrulnent,
represent a new concept of Jnultivi­
brator reliability in measuring instru­
ments. 'They arc cla.ssical Abraham­
Bloch::! multi\'ihrators, designed by ana­
lytical procedures to produce maximum
immunity to tube-characteristic deteri­
oration. The.se multi vibrators are dis­
cussed jn some detail in the circuits
section of this article.

BLOCK DIAGRAM

The basic circuits used in the Unit
Time/Frequency Calibrator are shown
in Fig. 2. They consist of:

(1) A 5-:V1c crystal oscillator elec­
tron-coupled to a 2:1 multiplier.

(2) A lO-:vIc buffer stage.
(3) A group of three multi vibrators

controlled by a panel switch and divid­
ing the 10-Mc crystal controlled fre­
quency by factors of 10, 100, and 1000.

(4) A harmonic generator which will
produce a continuous harmonic spec­
trum of the 10-Mc, 1-:\{c, 100-kc and
lO-kc signals from the multivihrator.

(5) A crystal mixer either to couple
the harmonics out of the instrument on
a coaxial lead, or to produce and to
detect a beat.. against a signal fed into
the mixer.

(6) An amplifier stage, s\yitched ei­
ther to amplify the audio beat signal
from the mixer or to produce a video
signal for oscilloscope calibration.

CIRCUITS

Oscillator

A hermetil:ally sealed, A'1'-cut, 5-1\1c
quartz crystal is used as a frequency
control element fot' the oscillator. The
eJcctron-coupled Gouriet-Cl app 3 oscil­
lator circuit uses the first contl'ol-gl'id­
screen-grid space of a pentagrid con­
verter tube to provide the oscillating
loop gain. Output is taken fro In the
plate circuit of the pentagrid tube,
which is tuned to resonance at 10 ]\i[c.

Buffer

The lO-Mc signal at the plate of the

U!
' oc,

'-'"',
'00 <c
10<'

CONSTMIT
POwER
LOAD

,.,
6BE6

=
J

2AbTaham, H.
and l3loch, K,
"Noticc Sli des
Lalll!J()S- Yah'CS a

r------------, 3-Elcctrodc et
leurs ..\pplica­
tions," FulJlicll­
tirm 27 oj the
French 1F(lI' Jlin­
i.~lr!l. AI)I';1. IV IS.
3Clapp, J. K.,
"Frc'lucncv-i:i t fI­
ble L-C OscilIa­
to!'S," Froc. IHE,
<12. 8; .-\Ilg: us t,
1954; page 12\Jj.

Figure 2. Block
EAR~HRO"~S I diagram of the

([fJ0SCllc05copr! col i bra tor,
"'-:""':"'--'1- s how i n g the
6AN8 -::' bosic circuits.

VIDEO
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}J.eo2

Since E'piO = iplORLI equation (2) shows
all of the important circuit yal'iables.
The quantity J.leo2 is a function of tube
geometry and docs not change ap­
preciably ",ith tube life, so attention
need only be given to the RC product
HgCe2 and i plO•

lIow are these quantities lIsed to
optimi£:e the design of a triggered multi­
vibrator? Consider Fjgure 5 where the

(1)

(2)

1 +

the multivibratol' of Figure 3. Assume
that from to to tl , Viis off; and, at
t l , VI switches on and quiekly by the
loop regeneration is brought to and
beyond zero bias. (For the purposes of
this discussion, neglect the positive ~rid

transient.) ~o", after time ii, the plate
voltage (EbIO) of V-l is at a low value
depending on the zero-bias plate current
and RI.. Ce? must discharge through
R(l2 toward Ebb, and it will continue to
discharge until the cutoff of 1'-2 is
rcached, \vhcrcupon the two tubes will
again switch, with r'-2 going on and V-l
off. "1e can now write down the equa­
tion for the timing action determined
by the djscharge of the grid coupling
HC circuit and the amplitude of the
plate swjng.

T ~ R C I E'bb + E plo
U? e? oge

Ebb + Beo?

and since Ee02 = Ebb/}.tc02,

E plO1+
EN>

T = Ru? Ce2 loge ---'''­
1

oscillator drives a pentade buffer. The
45-volt buffer output at 10 Mc drives
the l-:~Vrc lTIultivibrator and either the
harmonic generator or video amplifier,
depending upon the position of the
audio/video selector switch. The buffer
output also feeds a germanium diode
rectifier circuit, which produces a d-c
Yoltago for audio amplitude control.

Multivibrators

Three n1ultivibrators of a design in­
tended to produce maximum reliability
arc used to divide the lO-Me buffer fre­
quency to produce the standard 1-.:\110,
100-ke and 10-ke frequencies. These
carefully designed and constructed mul­
tivibrators will insure long and trouble­
free operation without regulated voltage
supplies and with no readjustments of
the circuit \\'hen tubes are replaced. A
typical circuit is shO\vn in Figure 3. It
wm be recognized as the simplest form
of the astable multivibrator. The de­
sign has been carefully studied and
optimized for reliabilit,y by:

(1) Exact adjustment of all control­
lable eircuit parameters, and trigger
amplitude to the corred values to per­
mit maximum tube degradation before
failure.

(2) Choice of the operating point for
the tubes so that the multi vibrator
performance as determined by the con­
ducting-tube plate voltage is least af­
fected by the aging of the tu be.

Figure 4 shows the timing action of

~-08IAS
-CUTOFF

, ,, ,

/

~-~----~-:

1
IPIORL1-E pl

, , , ,_ "=----...i.
I , I , E,-.

VOLTAGEFigure 3 (below). Schematic circuit diagram of
typical 2-tube multivibrator.

Figure 4 (right). Timing diagram for multivibrator
of Figure 3 showing typical plate-voltage wave­

forms.

fllOt>! PLATE 2 Of
PIlEVIOUS MULTIVISRATOR '--------------,..... TIME
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timing waYeform has been linearized to
illustrate the triggering principles, so
that the time equation is modified as
shown in equation (3)

7' ~ KRCE p • (3)
A study of Figure 5 and Equation (3)

makes it ob,-ious that, for maximum
locking range on thc nth trigger with
arbitrary yariations of ep and the RC
slopc, the trigger amplitude (E t ) must
be set at a value determined by the
plate swing as stated ill .Equation (4)

E t = !!.-plO - Eco2 (4)
n + Y2

This is the optimum triggel'-,"oltage
amplitude, and the intercept of the
grid discharge Yoltage waveform with
the tutotT line in t.he absence of trigger­
ing pulses must be at a time of 11, + %
unit.s, whcrc the time unit is that estab­
lishcd by the inten'al between triggcr
pulses. The proof that Equation (4)
docs provide the optirnulll trigger am­
plitude follo\\"s. Consider the locking
tonditions for values of E t greater
than and less than the optimum value
givcn in equation (4); (1) "Then the
plate swing E p,O varies through values
greater than and Icss than thc de­
sign "alue with the slope constant, and
(2) When the range of slope ,·alues is
grcl:1ter and lesscr t.han the original

Figure 5. Lineari:z:ed timing-waveform diagram
for Ihe multivibrator of Figure 3.

RANGE OF MAXIMUM SLs?yPE
(Re) DRIFT BEFORE

fAILURE
-<.!~

---------f:7'''7L.;,/OBlAS

,-,/..,ioSL!- - EC02

!..!,

Eb- ECO&(N+V2)E t

RANGE OF frIIAXIMUM PLATE
CURRENT VARIATION BEFORE
FAILURE

slope \\"ith E. 1O held constant. It can be
seen that values or trigger ,·oltage
greater than and less than that deter­
mined by Equation (4) \\"ill decrease the
locking range of the multivibrator, by
having it jump to a lock on the 4th or
6th triggering pulse when Et is greater,
or by having it go out of lock completely
when E, is lcss.

"-rhere is an inescapable conclusion
that follows fron') this simple analysis.
One is allowed a total deviati on of
± Y2 E, in the value of the grid dis­
charge voltage le,·el at the time or the
nth trigger pulse at which thc multi­
yibrator should switch. Thercfore, in a
symmetrical multi vibrator di,·iding by
10 (n equals 5 on eaeh half-eycle of the
l11ulti\'ibrator), a change of approxi­
mately ± 9% in the combination of E po
and HC \\·ill cause a failure in the COUllt.
Since emission yarics with time, Jne
must remove any controllable fixed
errors in order to transfcr all aIlO\\"able
\'C1l'iation to the tube, \vhich is bound to
changc with time. This is done by using
adjustable components to remove any
elTect due to componcnt tolcranccs on
the R-C time constants. An important
fuet that mllst be recognized is that the
platc current of yaClIum tubcs seldom
rises with age. Initial adjustment can
thus be made to take admntage of this
fart by setting the R-C time constant on
the long side so that the tolerance for
changes in plate current approximates
+ 3 and - 15%.

The facts presented above apply to
all stablc multi vibrators no matter how
operated. 'Vhcn the multivibl'ator fre­
quency is below 100 kc, tcchniques of
IIhard-bottoming"4 can be applied.

The plate resistors for all multivi-

l Hnrris, C. c.. "Thc 'Hard-Bottoming' TechniQuc in
:-luclcnr Instrumentation ('ir-l'uit I)csi.ll:n," IRE Tr(lIIB­
actio'l' on. .vue/ear Science. N8-3, 2; .'Iarch 19j6; ptlgc 5.
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bratal's of this design are al ways set at
their maximum allowable value. This
value is determined by the time neces­
sary to recharge the coupling capacitor
after the switching interval ill which the
tube is turned off. The plate voltage
should recover to value ncar the
supply voltage'. The largest possible
value of plate-load resistance gives the
best approach to the Ii hard-bottorned II

characteristic and offers the additional
features of minimum plate dissipation
for the tube and minimum plate cur­
relit, which tend to increase tube life.

Experimentally, multi vibrators de­
signed on this basis have proved to be
extremely reliable. For example, a st,ring
of eight such units dividing frequency
from 10 Mc have operated a elock with
lO-second pulse::; for over nine months,
6,500 hours, without a failure caused
by a vacuum tube.

The three frequency-dividing multi­
vibrators are added serially to the
circuit systen1 by the frequency se­
lector switch on the front panel. This
switch turns the plate power on and
connects the appropriate multivibrator
to either the harmonic generator or the
video amplifier. Throughout this switch­
ing operation, the power dissipated in
the unit is held constant by the in­
sertion of dummy load resistors so that
the box temperature will remain as
nearly constan t as possi ble.

Amplifiers

The audio-video switch selects the
two input-output types of operation.
'Vhen the unit is to be used for time
calibration with the switch in the
video position, the output of the
lO-Mc buller or of one of the multi­
vibrators is connected to the grid of

~Shenk, E. R., "The i\lultivibrutor-Applied Theory
and Design," E'leclJ'Qfiic~, January 10 II: page 136.
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the video amplifier. This stage is a
pentode amplifier-limiter feeding a eath­
ode follower. The cathode follower is
connected by the switch to a terminal
pail' on the panel and provides a low­
impedance source to drive external
circuits. "Vhen the audio-video
switch is thrown to the audio position,
the following changes in circuitry are
effected: (1) the amplifier stage is con­
velted to a two-stage audio amplifier
with 5-kc bandwidth and a voltage gain
of about 70 db connected to the silicon­
crystal mixer output (Figure 0); aud (2)
the lO-Mc buffer or one of the multivi­
brator outputs is connected to the
harmonic generator.

Harmonic Generator

The harmonic generator consists of
two stages, the first a pentocle limiter­
driver, and the second a triode used to
drive the germanium-crystal diode har­
monic generator. The plate of the
pentode section is tuned when the fre­
quellcy selector switch is in the 1 and
10 1\1c positions, and it acts as an un­
tuned amplifier in the 100-kc and 10-kc
positions. The pentode stage between
the multivibratol's and harmonic gen­
erator removes most of the trigger
pulse that occurs on the multi vibrator
waveforms and which would otherwise
make the harmonic spectrum non­
uniform. The triode harmonic gener­
ating stage and its connection to thc
mixer are shown in Figure 6. The
driving waveform switches the plate
current off and on, and the impedance
discontinuity offered by the crystal
diode when the plate cunent switches
on generates a very sharp negative­
going spike of voltage. 'The criterion for
the crystal diode llsed in this application
is that the front resistance should be as
low as possible. Hence, one of the new
"VLI" diodes, the lK455, is used in
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this application. It is the sharp voltage
spike that produces the uniform spec­
trum of harmonics fed to the mixer.

standard frequency signal bet\\'een har­
monics of the unknown signal can be
rejectcd.

Figure 6. Cutaway
view af the crystal
mixer, with schema­
tic of triode hClr­
monic-generCiting

5tClge.

Construction

Power Supply

The l:nit Time/Frequency Calibra­
tor is designed to work with either the
General Radio TYPE 1203-.\ or 1201-.\
Power Supplies. Power requirements
are 300 "olts, GO milliamperes, G.3
volts, 3.15 ampcl·es. The TypIC 1201-A
Regulated Supply is recommended for
mlllll11um hUI11 and maxim'.ll11 fre­
quency stability.

All o[ the circuits except the har­
monic-generator stage arc located on
a single etched board. This board has
an etched ground plane under the crys­
tal oscillator, bufTer and audio-video
amplifier circuits. Distributed-capaci­
tance loading on the multi"ibrator is
reduced by omitting the ground plane
under these circuits. Careful considera­
tion of component layout and ~hie1ding

on Lhis board insures a good environ­
ment [or the crystal oscillator free o[
thermal transients and electrical inter­
ference. 'fhe l11ulti\'ibrator time con­
stants arc controlled by precision com­

ponents "'ith mica capa­
citors and glass trimmer
capacitors. These com­
ponents insure good
rnulti"ibrator perform-

STANDARD d I 1·1
~8::::;--<r-1r-oFREQUENCIES ance an ong Ie.

Mixer

AUDIO
~r-1L-t"-<~ OUTPUT

The mixcr used in the Unit Time/
Frequency Calibrator is a new design
combinillg good high-frequency per­
formance with compactness, accessibil­
ity for crystal replacement, and prot/ec­
tion for thc crystal diode. The coaxial
panel fitting serves the double purpose
of either coupling the r-f spectrum to
external systems as an output connec­
tor, or as an input fitting to accept an
externally produced r-[ signal to be
mixed with the standardized r-f spec­
trum. A built-in coaxia.l coupling capaci­
tor pl'ote{'ts the 1:--J21B crystal mixer
against surges from connecting external
circuits. The mixer current is produced
by the harmonic-generator wa\'eform,
so that with snull1 injected signals, the
injected signal docs not materially af­
fect the efficiency of the mixer.

The gain o[ the audio amplifier is
controlled in a non-lineal' fashion by
adjustment o[ grid bias on the second
audio stage. Enough bias is applied to
cut the tube otT [or small signals so that
undesired beats o[ harmonics of the
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APPLICATIONS

The TYPE 1213-C l.:nit Time/Fre­
quency Calibrator used \\"ith the re­
quired powor supply and headphones
provides all the necessary apparatus fot'
the cali bration of radio-frequency oscil­
lators and receivers to frequencies be­
yond 1000 ~le, and it also provides
squarc-\\-a,"c markers for oticilloscope
S""ccp-time calibration. A simple plug­
in de,'jce, the TypE 12 I3-P1 Differen­
tiator (supplied as an accessory) con­
verts these square waves to brief pulses.
The output pulse has becH made power­
ful enough to trigger most pulse gener­
ators and oscilloscope sweeps, t1lUS pro­
viding a stable driving source for timing
pulse systems for various applications.

The calibration of oscillators in the
laboratory is easily carried to frequen­
cies in excess of 1000 :'lIe by introduc­
tion of the oscillator signal at the de­
tector fitting of the calibrator; audible
beats arc produced as the dial of the
oscillator is rotated, Thc lO-lVIc points
permit ready idcntifieation of calibra­
tion poin~, beyond 1000 lVI c by a count
of the widely spaced beat points 011 the
dial. Below bOO :'I[e it is possihle to add
calibration marks at tlo::icr intervals by
use of the 1-:'\£<.' output. The harmonic­
generating systcm is effcC'ti\'c ill supply­
ing harmonics of 10 ~[e to 1500 ~lc, and
of 1 }\i[c to 500 Mc, \\'ith input signals
in excess of 50 Il1V. Thc 100-ke and
lO-kc multi vibrators call be used 1'01'

oscillator calibration up to 100 :'lIe and
10 Mc, respccti,'ely, Calibration of
scnsitivc rccci\'crs is readily carried out
by the usc of the r-f output harmonic
senes, \Vith scnsiti\'e rcceiycrs the
harmonics arc usablc abo\'c the fre­
quency limits gi\'en for o::icillator-cali­
bration opcration. \"'hen using the cali­
brator for rcceivcr calibrations, care
should be taken that lower harmonics of

JUNE, 1956

the 1- or 10-:'Ilc output signal being
used do not block the i-f amplifier. It is
possiblc to block the recci"er if a suffi­
cicntly ~trollg signal of t.he harmonic
spectrum lieti within the i-f pass hane!'
A high-pass filter must be used between
thc 12l3-C and the rccei\"er being cali­
brated to correct this diffieulty,

~[easurement of frequcncies lying
near the standard frequency harmonics
is facililtlted by the inclusion of the
"toueh-hulton" crystal-oticillator fre­
quency dm-iator on the pancl. Touching
this button rcduces the frequcncy of thc
cry;:;tal oscillator slightly, thus indi­
cating thc tiign of thc diffcrcnce be­
tween the unknown frequcl\cy and the
standard frequency, without requiring
any resctting of the ma.in frequency
adjustment control. Calibration of the
s\yeep timc of cathode-ray oscilloscopc::>
is easil.y carried out: TYPE 1213-P1
Differentiator is inserted in the pair
of binding posts ("ol1nccLed to the video
output amplifier; the seleetol' switch is
set to timing markers; and the resulting
timing pul.'iC,':i are applied to the scopc.
Pulses are available at intervab of .1,
J, 10, and 100 !,sec, The accuracy of thc
intervals is the same as that of the

Figure 7. Waveform5 in the Type 1213-C Unit
Time/Frequency Calibrator.

10-kc video_ampli_
fier output (note 100­

kc mark5)

10·ke multivibralor
plate.

l-Me harmonic gen­
erator plate
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crystal oscillator. Since it is possible to
calibrate the crystal oscillator directly
against 'V'VY by use of a radio receiver,
the accuracy of these timing markers is

much greater than that required for
oscilloscopic measurements.

- R. W. FRA'I"

F. D. LewIs

The authors are indebted.to \r. P. Buuck and A. M. Eames for their many suggestions and
contributions during the development or the Unit/Time Frequency Calibrator.

SPECIFICATIONS

with 50 millivolts signn.l input to mixer over the
harmonie mnges specified ulldel' "Output Am­
plitude~.'·

Tube CCJmplement: I-GngO, 1-5G87, 2-506-1, 1
GAKG, I-GA~8, I·GU8.
Power Supply: G.3 v {~~C, 3 a; ;~OO v d-c, GO
mao TYPE 1203-A 01' Typg 1201-A is recom­
mended.
AccessCJries Supplied: Tyl'~~ 121;{-PI Di~Terentia.­

tal', one t'oa.xial connectOl·, a.nd one multipoint
conne<:tQr.
Mounting: Aluminum pa.nel :lnd sides, finished
in bl:\(·k cr:lckle; aluminum cove'·, finished in
e1e:w I:wquer. Reb:--' rack panel i:s available for
mounting both c:llibrator t1nd power supply.
Dimensions: 10 1-'2 (width) x S%, (height) x 7
(depth) inches, overall. Net Weight: 1 Ibs, JO oz.

Output Frequencies: 10 Me, 1 :\{e, 100 kc, 10 kc.
Output Amplitudes: 10 1\lc, 10v peak-to-peak, aD
volts peak-to-peak at lower output frequencies
from pulse amplifier: r-f harmonies usable to
1000 :\'Ie from 1O-:\1c output, to 500 :\ilc from
I-Me Olll.pUl., to 100 rVlc from 100-Kc output,
and 10 Me from 10-kc outpnt.
Output Impedence: Video cathode-follower, :300
ohms: I"-f output obtained fl·om crystal-diode
harmonic generator.
5lCJbility: After 1 hour w~lrm-up, drift rate with
rcguhned plate slipply is mainly the drift rate
of the quartz erystal (approx I ppm fOC). Wilh
ullI'cgubted power fRippl.,·, un tlddition:1l val·iu­
tion or ±: 12 ppm with line voltage {'hange from
105 to 125 volts.
Sensitivity: sable beat notes C:111 be produced

'J'ype

1213-C
1203-A
1201-A
480·P4U3

Unit Time/Frequency CCJlibrCJtCJr * .
Unit Power Supply ...•• _.•••.••••••........
Unit RegulCJted Power Supply ...•.•.•••. _....
RelCJy-rCJck pCJnel (for mounting both cCJlibrtflor
CJnd power supply) .

Code Word

RimEL

ALIVE

ASSET

U:\II'ANCART

Price

$195~
40.00
80.00

10.00

• U. S. Patent 2,548.457; licensed under patents of the AmeriC:ITl Telephone and Telegraph Co.; licensed under
I>atents of the Radio Corportltion of America; licensed under patents of G. W. Pierce pertll.illill~ to pi('zo electric
('rystals lind their asSOCiHtC,,'(! clreuitll.

VACATION CLOSING

During the weeks of July 23 and July 30, au' manufacturing depa,tments will be dosed fa, vacation.
There will be business as usual in Ihe soles.enginee,ing and comme,dal departments. O,den and inqui,ies,includ.

ing ,equests for technical and lalel information, will ,eceive OUr usual p,ompt attention.

Our service deportment requests that, because of absencel in the monufadu,ing and ,epai, groups, shipments of
,"",ferial be scheduled to reCIch us eilher well befo,e 0' delayed unlil after the vacation period.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WOrth 4.2722

CHICAGO 5, ILLINOIS
92:0 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2.3820

LOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARD STREET

TEL.-HOllywood 9.6201

SILVER SPRING MARYLAND
8055 13th STREET

TEL._JUniper 5.1088

PHILADELPHIA OFFICE
1150 YORK ROAD

ABINGTON, PENNSYLVANIA
TEL.-HAncock 4-7419
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l\1ica, a naLural material, has long
been the outstanding dielectric for ca­
pacitors and, for many applications,
has not been superseded. It is still used
almost universally, for instance, for a-c
standard eapacitors and will undoubt­
edly continue to be used in this applica­
tion for a long time. In many respects,
however, some of the newel' synthetic
materials exhibit characteristics super­
ior to those of mica.

Among the materials available in a
form economically suited for capacitor

Figure 1. View of the Type 980-A Decode Capaci­
tor Unit.

manufacture is polystyrene. This ma­
terial possesses very nearly the ideal
characteristics: dielectric constant and
10"" dissipation factor that are itl\"ariant
with frequency. l\rfeasurcmcnts from dc
to at least several hundred megacycles
show substantially constant values of
these parameters. Mica, on the other
hand, exhibits marked polarizations at
frequencies below the audio range.
These are manifested by rising values of
capacitance and dissipation factor at
the low end of the audio range. The re­
laxation times of these polarizations

Figure 2. View of
the Type 1419_A

Decade Copodtor
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correspond to frequencies in the tenths
and hundredths of cycles per second
and appear even in the millicycle and
microcycle range. These poladzations
are believed to be interfacial, resulting
presumably from the laminar structure
of the mica.

A thorough discussion of polarization
in dielectrics is beyond the scope of this
article. These phenomena can be de­
scribed either in the frequency domain
in terms of dielectric constant and loss
factor (complex dielectric constant) or
in the time domain in terms of the time
variation of current resulting from
changes in applied d-c voltage. The d-c
response is often expressed in terms of
"apparent resistance," and in fact most
short term insulation-resistance meas­
urements arc actually nothing morc
than a measure of the charging current
flowing into the low-frequency polari­
zations.

'Ierrninology is as yet not well stand­
ardized. Terms such as II dielectric ab­
sorption," "soakage," "voltage recov­
ery," and "d-c capacitance" have been
used. The difficulty is that such terms
can be relatively meaningless unless the
method of measurement is specified.
It is to be hoped that standardization
on terminology, specifications, and
method of measurement will soon be
reached 1 in these areas, which appear
to be of growing interest.

Capacitors cal·dully made of prop­
erly processed polystyrene can be
shown to be about two orders of magni­
tude better than an equivalently care­
fully made mica capacitor. For exam­
ple, IVrr. R. F. Field reports 2 observa­
tions of high-quality, silvered-mica ca­
pacitors that show rises in capacitance
as great as 300/0' while similar measure­
ments on the polystyrene units described
later indicate rises of only a few tenths
per cent. These measurements of dis-

charge current vs. time were taken over
a period of weeks and thus correspond,
in the frequency domain, to measure­
ments in the microcycle range.

Early Applications

The potentialities of polystyrene as a
capacitor dielectric were recognized in
the late thirties, and since about 1940
Generallladio has carried on a program
of development, and manufacture for
its own uses, of polystyrene capacitors.
Our first commercial application was in
tuning networks in the TYPb 762 Vibra­
tion Analyzer, in the frequcncy range
down to 2.5 cycles. In this application
other available capacitors were unsatis­
factory. Mica was not only out of the
question because of cost, size, and
weight in the large capacitance values
required, but the polarization men­
tioned above caused anomalous be­
havior at the low frequencies. Subse­
quent uses of such capacitors include
the TYPE lOll-A Capacitance Test
Bridge. In this instrument, a 1-.uf po­
lystyrene capacitor accurate to 0.25%
is used as a standard. Field use in many
hundreds of these bridges over a period
of ten years has shown these capacitors
to be entirely satisfactory from the
points of view of stability and life ex­
pectancy. Capacitors of this type have
thus demonstrated thcir performance
and reliability and are now offered for
sale in the form of decade units.

These polystyrene-dielectric capaci­
tors, owing to their very low dielectric
absorption, are particularly useful in
research and developmcnt work on
computor and integrator circuits, and
on low-level a-c amplifiers. Because
of their constancy of capacitance and
dissipation factor with frequency, they

1 Sections A and C, Subeommittee xrr, AST.\T Com­
mittec D-9 al·C interested ill this work. The writer will
welcome any comments or the participation of anyone
interested.

~ Unpublishcd data.
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make excellent components for measur­
ing circuits, filters, and tuned circuits.
They are nearly ideal capacitors for d-e
work, because of their high insulation
resistance and low dielectric absorption.

TYPE 980 DECADE CAPACITORS

Decades for assembly into other
equipment are available in three ca­
pacitance ranges, with capacitance at
maximum setting of 1.0, 0.1, and O.01l'f.

Each decade consists of foul' capaci­
tors of magnitudes in the ratios 1-2-2-5.
'I'hc switch selects parallel combinations
to giyc increments oyer zero capaci­
tance in all integral values from 1 to
10.

The individual capacitor units arc
non-inductively wound and carefully
heat treated. The tape used is cast of
purified high-molecular-weight poly­
styrene, pre-stretched only in the direc­
tion of winding. During heat treatment
the units arc carried beyond the transi­
tion temperature of the polystyrene,
and the shrinkage of the tape produces
an extremely firm) stable unit) which is
insensitive to pressure, and which is
stable in retrace capacitance value for
temperatures up to 65° C.

'I'he units are hermetically sealed in
black-finished brass cans) having Teflon
feed-through insulators to assure high

JULY, 1956

resistance even under adverse humidity
conditions. X 0 impregnant, which might
jeopardize the low-frequency perform­
ance) is used.

'fhe cased units are mounted to
a newly developed cam-type decade
switch. The supporting dielectric ma­
terial of the switch, including the shaft,
is heat-resistant cross-linked polysty­
rene) and Teflon spacers support the
rigid-wire leads.

Low-Frequency Performance

The resulting decade capacitor as­
sembly has an insulation resistance
greater than 10" ohms under standard
laboratory conditions (230 C, 50% RH)
when measured at 100 volts. Dissipa­
tion factor is typically of the order
of 0.0001 in the audio frequency range,
and is specified not to exceed .0002 at
frequencies down to 100 cycles. A slight
rise occurs as frequency approaches
zero, as shown in the plot of Fig. 3.
'Theory i indicates that the maximum
value of dissipation factor (from dielec­
tric toss) cannot be greater than one­
half the valne of the rise in capacitance.
lVIeasurements indicate that this maxi­
mum mlue is of the order of 0.0005.

'The "circular-arc" theory proposed by Cole and
Cole.

Figure 3. Typical plots of change in capacitance and dissipation factor as a function of frequency for
Type 980 Decode Capacitor Units. Types 980-A, ·8, and -C are polystyrene units; Types 980-L, -M, -N,

and -F are paper and mica units. Capacitors are adjusted to their rated accuracy at 1 kc .

•
~
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In addition, at some sufficiently low
frequency, the leakage resistance be­
comes significant in determining dissi­
pation factor. At 10-' cycles, the 1012

ohms resistance of one microfarad pro­
duces a dissipation factor of O.OOI.

One of the most convenient means of
measliring d-c performance is by the
voltage-reco,"cry method. If a capaci­
tor is charged for a given period of
time and then short-circuited through
a protective resistor fol' a period long
enough to discharge the high-frequency
capacitance, the charges in the long­
tirnc polal'i;mtions remain. These charges
gradually transfer to the high-fre­
quency capacitance and appear as a
measurable potential at the terminals.
If these capacitors arc charged for one
hour and then discharged for 10 sec­
onds, the ultimate recovered voltage is
0.1 % 01' less of the original charging
voltage. In contrast, even a good mica
capacitor may rccovcr 10% or marc,

while some impregnated paper capaci­
tors may show reco\'cries approaching
the charging \·oltagc.

In terms of frequency characteristic
the abo\'c pcrformance is equivalent to
an increase in capacitance of 0.1 % at a
frequency of the order of 10-' cycles.

High-Frequency Performance

At freqnencies above a fcw hundrcd
cycles, the dissipation factor of the
material seems to reach a 1I noor" and
rcmains constant, as does the dielectric
constant. The terminal values of ca­
pacitance and dissipation factor, how­
cver, are modified by the residual in­
ductance and series resistance of the
capacitors, s,,"itch structure, and leads.
The capacitance change increases as the
square of the frequency, while the dissi­
pation factor change varies as the 3/2
power of frequency. Representative
plots of these variations are shown in
Fig 3.

SPECIFICATIONS

OEPTH BEHIND
PANEL J~

Accuracy: Capacitance in(:rcmcnts arc within
± I% from zero position whcn mcasul'cd at 1
kc. The units are checked with the switch mech­
anism high, electrically. :lIld the common lead
and (':.lse grounded. The zero capa.citance is 10
J,tJ,tf and must be added to the switch settings
to givc the total capaeikl.nce.
Dissipation Factor: Less than 0.()(X)2 at I kc and
23°C, 50% lUI
Frequency Characteristics: Figurc 3.
Maximum Voltage: 500 volts d-c or peak at fre­
quencies below the limiting frequencies tabu­
latcd below. At higher fre<lucncies the allowable
vOlt:'lgC decreases and is inversely propol>tional
to thc square root of the frequency. These lim­
its C'orrespond to a tcmpcrature rise of 40°
Centigrade for a power dissipation of 3.5 watts.
Mounting: :.\'lachine sel'CW8 fot' attaching the
decade to a panel are supplied.
Dimensions: Sec accompanying sketch.

Net Weight: 2 pounds, 2 ounces.
2 MTG. HOLES

*10-32 TAP \ i O/A. SHAFT

)~.~~
I

L!3Q,.
980-A,e,·C

Frequency Limit Gode
'J'ype Caparitanre Dieleclrir in Kc-M ax. Volt. lVord Price
980-A 1.0 }If in 0.1 IJf steps ........ Polystyrene 10 AVAST $66.00
980-8 0.1 J,tf in 0.01 J,tf sleps ....... Polystyrene 100 AVER'r 51.00
980-C 0.01 J,tf in 0.001 J,tf steps ...... Polystyrene 1000 AVOII) 57.00
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TYPE 1419-A DECADE CAPACITOR

JULY. 1956 ~

A three.<Jial decade capacitor having
a range from .001 I'f to 1.11 I'f in steps
of .001 I'f is also available. The indi­
vidual TYPE 980 decades are mounted
on an aluminum panel, in an aluminum

cabinet, providing complete electro­
static shielding. A separate ground post
is provided, so that the capacitor may be
lIsed in either two-terminal or three-ter­
minal applications) with case grounded.

SPECIFICATIONS

Maximum Voltage: 500 volts d-c or peak.
Frequency Characteristics: The d-c capacitancc
is equal to the I-kc va..lue withitl 0.1 %. At high
frequeneies, series inducLiUlcc causes capaci­
tance to increase as shown by thc curvcs of
Figure 3.
Dielectric Absorption: Sec Voltage Recovery.
Voltage Recovery: Thc voltaRc recovery at the
terminals is less than 0,1 % of the original
charging voltage, after a charging period of one
hour and a IG-second discharge through a re­
sistanec equal l.<? onc ohm per volt ,?f charging.
Mounting: Aluffilllum panel and cabinet.
Dimensions: (Length) 13 x (width) 4~ x (depth)
5 inches, over-all.
Net Weight: 8% pounds.

Capacitance Range: .OOI/.lf to 1.11""f in steps of
.OOI,uf. The three decades have steps of .001,
.01, and .J,u.f respectively.
Zero Capacitance: Approximately 35,uJ.lf.
AccurQcy: Individual capacitors are adjusted to
::l.11 :l.ccuracy of ± J %. rhe capacitanee at the
terminals, less the zero capaCitance, is within
::l:: I% of indicated value for any setting
Dissipo'ion Factor: Dissipation factor caused by
dielectric loss is less than 0.0002 at all frequen­
cies above 100 cycles. At high frequencies, series
metallic resistance incrca8CS the dissipation
factor as shown by the curves of Figure 3.
Insulation Resistance: Greater than L mega­
megohm (1012 ohms), when measured at JOO
volts, 23° C, and 50% RH.

Type ('ode !VOId Price
1419-A Decade Capacitor.••...•.•••... BIGOT $195.00

DECADE CAPACITORS WITH MICA AND PAPER DiElECTRICS

The I1mv decade switch is now also
used for mica and paper decade capaci­
tOI'S. The new assemblies replace the
former TYPE 380, with identical mount­
ing dimensions. A listing of these units

is given, with specifications, below. The
low-loss switch, plus improvements in
the mica capacitors themselves, result in
lower dissipation factor than that spec­
ified for the superseded TYPE 380 Units.

SPECIFICATIONS

Accuracy: Capacitance increments on all unita
are within ::l::: 1% from zero position when
measured at 1 kc except the TYPE 980-L, which
is accurate within ::l:::2%. The units are checked
with the switch mechanism high, electrieally,
and the common lcad and Ctlse grounded. The
zero ca,pacitancc or nil units is JO,I.l,l.lf and must
be added to the switch settings to give the total
capacitance.
Dielectric: See table.
Dissipation Fodor: See table.
Frequency Characteristics: Sec Figure 3.
Maximum Voltage: 500 volts peak for all units
(CX('cpt 980-L which is n\Led at 300 volts) at
frequencies below the limiting frequencies L'\bu­
luted belo\v. At higher frequeneies the allowable
voltage decreases and is invcrsel:-" proportional
t.o the square root of the fl'equency. These limits
correspond to a temperature rise of 40° Cenli-
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View of the Type 980-F (left) and Type 980-N (right) Decade Capacitor Units.

grade for a power dissipation of 2.5 watts for
the TYPE 980-F' ancl3.5 watts for all other units.
Mounting: Machine screws for attaching the
decade to a panel arc supplied.

Dimensions: See accompanying sketch.
Net Weight: TYPE 980-F, 3 pounds, 12 ounces;
TYPE 980-L, I pound, 10 ounces; TYPES 980-1\1
and -N, 1 pound, 8 ounces.

Type
980-F
980-l
980-M
980-N
980-PI

Dissipation Frequency
Factor at 1 Limit in

kc and ](c for Corle
Capacitance Dielectric 28° C Max. V oltaye Word

1.0 }.tf in 0.1 j.l.f steps I Mica I Len than 0.0003\ 5 \ ACU'l'E
1.0 p,f in 0.1 Ilf steps Paper len than 0.010 1 ADAGE
0.1 j.tf in 0.01 j.tf sleps Mica Less than 0.001 100 ADDER
0.01 IJ.f in 0.001 p.f steps Mica less than 0.001 1000 ADDLE

Switch only •••••••••••••••••••••••••••••••••.••••••••••••.. SWITCHHIHU

WESCON 19S6

Price
$128.00

28.00
42.00
26.00
11.00

The \Vestern Electronic Show and Convention will be held in Los Angeles,
August 21-24. Visit us in booths 918 and 919 to see the new GR instruments
that you have been reading about in the Experimenter, jncluding:

TYPE 1230-A D-C Amplifier and Electrometer
TYPE 1605-A Impedance Comparator
TYPE 139l-A Pnlse, Sweep, and Time-Delay Generator
TYPI·: 1603-A Z-Y Bridge
TYPE 874-LBA Slotted Line, with TYPE 874-MD Motor Drive
TyPE 907-R and 908-R X-Y Dial Drives
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TYPE 1420 VARIABLE AIR CAPACITOR

A NEW, HIGH-QUALITY COMPONENT FOR INSTRUMENT USE

The concept of machining a parallel­
plate type of variable air capacitor
from solid metal, although not a new
one, is unique among contemporary
manufacturers. The main features of
the new TYPE 1420 Capacitors (Fig. 1)
arC derived from this technique, which
offers advantages, both mechanical and
electrical, over morc conventional meth­
ods.

Certain mechanical advantages arc
obvious. :\Iachining is inherently a
more precise operation than rolling, so
that plates can be beLler controlled in
thickness and straightness. Gang mill­
ing eliminates the cumulutiyc spacing
errors imposed by piece tolerances on a
stacked structure, and turning and bor­
ing all a single piece insures better con­
centricity than can be obtained in a
composite assembly. The integral-plate
construction makes a sturdy structure
with high mechanical stability.

Electrical performance gains are
equally apparent, The precise machin­
ing produces inherently good linearity
and control of capacitance magnitude.
The homogeneous nature of the con-

ductol's yields lower metallic resistance
and inductance than moen a soldered
stack and pro"ides low thermal drift.
1'he ruggedness of the plates minimizes
microphonic tendencies.

The General Radio Company, in the
light of the advanced state of the arts
of aluminum extrusion alloys and cut­
ting tools, undertook the development
of a practical capacitor incorporating
the foregoing advantages. Although the
improved performance for this con­
struction in an instrumcllt-grade ca­
pacitor ,,-ould warrant a cost premium,
it was discO\'ered that the proper com­
bination of free-machining aluminum
alloy with tungsten-carbide tools in a
special machine (Fig. 3) produced su­
perior one-piece plate assemblies at less
cost than the conventional punching,
stacking and soldering methods.

The design of the TYPE 1420 Varia­
ble Air Capacitor, delineated in Fig. 2,
takes further advantage of the machin­
ing process to provide a numbcr of
extra features. Because the stator (1)
is plunge cut, the resulting plates arc
completely joined on their outer pe-

Figure 1. View of the three stock models of Type 1420 Vorioble Air Capacitor
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ripheries. This eliminates irregularities
in the capacitance-vs.-rotation curve
which might othenYise be caused when
the rotor passes the vicinity of a stator
supporting post 01' strut, helps to min­
imize resistance and inductance, and
makes the part rigid enough to serve
as the supporting frame for the whole
capacitor. Use of the stator as a frame
is accomplished by concentrically bor­
ing out all hut 732 in. of the four plates
on each end of the piece. Precisely fi tted
polystyrene insulators (2) are matched
to these bored ends and held by clamps
(3). The Yestigial plates in both stator
and clamps lock the insulators axially.

Polystyrene is an ideal dielectric ma­
terial for the insulators of an air capaci­
tor, because of its low dielectric con­
stant and extremely low losses. Al­
though it is thermally and mechanically
unsuitable in n'lOst structurcs, thc insu­
lators in the TYPE 1420 are machined
from a cast bar of cross-linked polysty­
rene for thermal adequacy and are
stressed cntircly in compression over a
wide area to eliminate crazing or other
structural failure.

These insulators have tapped center
holes and are slit, to mate with and to
clamp on lO, threaded bearing cages
(4) and (5), thereby permitting mi-

crometer adjustment and subsequent
locking of the hall bearings (10), which
support the shaft (6). The shaft is of
glass-reinforced polyester, filled with long
axial fibers, similar to a modern fishing
rod, and is of exceptional strength and
stabilit,y as well as being good electri­
cally. The usc of an insulating shaft
isolates the rotor for three-terminal
connections and takes the ball bearings
out of any electrical path. It is well
known that the erratic conductivity of
ball bearings produces elcctrical noise
eyen when well shunted by parallel
sliding contacts.

The rotor (7) is simply and firmly
attached to the shaft by selscre,,·s
transverse to a closely fitted through
hole. The concentricity of the rotor is
illsured, because the plates are milled
and turned on a centered arbor held by
the setscrews exactly as the shaft is
secured in assembly. The front end
bearing cage (4) has a flange by which
the capacitor is mounted, and the rear
cage (5) has a thin-walled, perforated
cxtcnsion to which a rotor connection
may be soldered. Electrical connection
to the stator is normally made by al
solder lug (9) which is affixed adjacent to
the rotor tcrminal to aid ill providing
short lead!:) to associated circuitry.

figure 2. Exploded view of a Type 1420 Variable Air Capacitor with elements identified. In order to
show the split.spring ring contact, the rator is reversed in this view.
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A coin-si"·er, split-spring ring (8)

is attached permanently to the rotor
with dl'i,'c pins and has two independ­
ent sliding contacts brushing the rcal'
bearing cage. In the General Radio
TYP"; JGOo-A R-F Bridge, a special
reversed version is used, in which the
roior brush makes contact ,,"ith the
front bearing housing to pro\"ide a
grounded rotor.

The rotol', stator, and clamp blanks
are cut olT from shaped extruded rods
(Fig. 4). The aluminum alloy is iden­
tical in these parts to eliminate differ­
ential expansions and consequent ther­
mal capacitance drift. The bearing
cages are of brass, bright-alloy plated,
and the full size (standard inch series
%") ball bearings are double shielded,
packed with wide-tempcrature-rangc lu­
bricant and are suitable for continuous
motor dri,·e. In the TYPE 1606-A R-F
Bridge these capacitors ha,·e pa.ssed all
the environmental tests of MIL-T­
945-A.

An interesting application of the
TYPE 1420 Capacitor is shown in Fig. 5.
'r'his small, plug-in, general-purpose
variable capacitor is shielded and
equipped with a coaxial connector. r-rhe
design takes advantage of the good
high-frequency characteristics of the
TYPE 1420, as well as its compactness,

JULY, '.56 ~

Figure 3. Designed and built in General Radio',
tool department, this machine automatically mills
the rolors and stotors from the aluminum extru-

sions shown in Figure 4.

ruggedness and reliability.
The General Hadio Company has had

several years experience in the manll~

facture and lise of these milled plate
capacitors in proprietary instruments.
They are now being alTered for sale as
a catalog component in the belief that
many customers will have applications
ideally suited to their many features.

- H. 1\1. WILSON

(Below) Figure 4. Extruded aluminum stock from which rotor and stolor are
milled. (right) Figure 5. View of the Type 874-VC Variable Copacitor. a
shielded unit of the 1420-type, used as 0 tuning element in coaxial circuits.
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SPECIFICATIONS

The rolor-lo-ground ca.pacitance is about
2p~f, and the slalor-to-ground capacitance is
nbout 6~~f, for all sizes. The data in the above
tuble are for the C:lI}acitor used as a two-tcnni­
nal device, with rolor grounded. If stat-or is
grounded, maximum and minimum capacitance
values will be decreased by about 4~~f.

Linearity: The variation of capacitance with
angle of rot:ltion is guaranteed linear within
± 0.2% of full scale. The angular rangc of
linear variations is 160°.

Typiral linearit,\' is better than ± 0.1 %.
Dielectric Loues: For the grounded-rotor con­
nection, the dielectric losses correspond lo a
DoCo product of less than .0 Lx 10-11• The rotor­
to-ground capa.cilance has a DoCo product of
O,l x 10-1:. This loss component is in parallel
with the main capacitance only for the ground­
stalor connection.
Insulatian Resistance: Creater than lOll ohms

i DIA.

under stand:'lrd ASTfll
(23° C, 50% RH).
Temperoture Caefficient of Copocilance: Approx­
imately + .003% per degree C.
Shock ond Vibratian: \rill pass shock and vibra­
tion tcsts of :\llIr1'-945-A.
Maximum Voltoge: 70 volt.s peak.
Inductonce: Approximately 0.006 micro-henry.
Torque: 2 ounce-inches maximum.
Net Weight: TYPE !·J.20-F, 4 oz; -C, 4yz 07.; -H,
5% oz.
Dimensions: Sec sketch.

Depth
behind panel

F I%,
G2Ys
H2y,;

Shaft Ilia. %

Range for
Linear variation

216 ± 5~~f

108 ± 5~~f

54 ± 5p~f

Capacitance R.nge:

Nominal
Max. Min.

H 250 16
G I:lO 14
F iO 13

7'ype Code Word Price
1420-F
1420-G
1420-H

70 pp.f, max••.•...••••.•••••
130 p.p.f, max••.•.•.....•.••••
250 p.p.f, max .

MARlty

JI.IATIN
M.o\..XI'\[

$20.00
21.50
22.50

CLOSE-OUT SALE OF TYPE 1702-M MOTOR

CONTROL

J;4-hp, push-button-controlled model

'\7e have on hand a number of our~­
hI', TYPE 1702-:\'[ Variac" Speed Con­
trols, complete \\·ith push-button control
stations. This model, which originally
sold [or. 350.00, has been discontinued
as a result of the introduction of the ncw
Tn,·; 1702-B\\', which can be used
with a drum-type controller to accom­
plish the same purpose at a IO\\-cr
price.

These controls are brand new and
carry our standard new-equipment
guarantee. To close out our stock, thcy

are now olTered at $175.00 each, just
one-half the original pricc. Circuit and
characteristics arc identical with those
currently supplied on ncwer models,
and the unit is an exceptional bargain
at this price, "'hich is "'ell below that of
current models.

This control will operate a 115-volt,
d-c, shunt 01' compound motor from a
115-\'0It, 60-cycle, a-c line. ~Iotor speed
is continuously adjustahle and is con­
trolled by a Variac~ autotransformer.
A description will he found on page 3
of the Experim,enler for December, 1953.
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View of the Type
1702-M Variac Motor
Speed Control. The
small control unit
shown at the left con
be mounted in ony
location convenient
to the operator.

JULY, 1956 ~

SPECIFICATIONS
Horsepower: !1" and ?i:.
Input: 105 to 125 volls, (-jQ cycles, or 105 to 120
volts, 50 cycles, 10 amperes.
Input Power: 1150 waLts, full load; 65 watts,
standby.
Electrical Output: Armature supply, 0 to 115
volts, G.5 amperes, de; field supply, 115 or
75 volts, 0..1 ampere.

RECORDER COUPLING FOR THE BEAT
-FREQUENCY AUDIO GENERATOR

The Sound Apparatus Company,
Stirling, New .Jersey, has recently com­
pleted the development of its Model
SL-4 Recorder. It is designed for the
plotting of frequency response curves of
electro-acoustical apparatus. vVith it,
response curves of loud-speakers, mi­
crophones, filters, equalizers, trans­
formers can be automatically plotted
in a very short time. A General Radio
Type 1304-B Beat-Frequency Audio
Generator is especially recommended by
the manufacturer as the generator for
driving the equipment under test. Us
frequency control dial is attached by a
low-backlash chain drive to the motor
in the recorder which operates the paper
drive. Complete information about the
recorder can be obtained from its manu-

Molor Speed Range: 0 to rated or 0 to 1.15 rated.
Dynamic Braking; Automatic in stop position.
Armature Overload Protection: Circuit breaker
at 7.5 to 9 amperes.
Control Station: Remote.
Main Cabinet Dimensions: 13).1 x 15 x 6n inches.
Code Word: WISTY
Price: $175.00.

Figure 1. View of the Sound Apparatus Compony'$
Model SL-4 Recorder coupled 10 the General Radio

Type 1304-B Beat Frequency Audio Generator.
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Figure 2. The recorder coupled to the General
Rodio Type 760-8 Sound Analyzer.

factureI'. He is equipped to provide the
coupling means between the recorder
drive and the oscillator.

] lere is another application in which
the beat-frequency type of oscillator is
ideal because the entire audio spectrum
may be swept with one rotation of the
frequency contl'Ol dial, eliminating the
lleed for the frequency multiplier ad­
justments necessary with R-C type
osei llators.

Figure 1 shows the Sound Apparatus
Model SL-4 Recorder coupled to the
Type 1304-B Beat-Frequency and Fig­
ure 2 shows the same recorder arranged
to drive the Type 760-B Sound Analy-
zer.

T /-IE General Radio EXPEUUIENTER is nu,iled 1-vithont clurrge each
tnon"/" Lo engineers, sci.entists, technici.ans, (llul others interested

in electron.ic techn.iqu.es in tneasu,.e'-'l-ent. H"/hen sen(Ung requ.ests for
su.bsc,.iptions and add,.ess-clw",ge noti.ces, please supply the following
i"jol"l11(,ti,on: tUlIne, company (uldress, type of business cOlnpany is engaged
in, a.nd title 0" posiLi,on of i,ndividua.l.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES
NEW YORk 6, NEW YORk

90 WEST STREET
TEL.-WOrth 4.2722

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbcosh 2-3820

LOS ANGElES 38, CALifORNIA
1000 NORTH SEWARD STREET

TEL-HOllywood 9_6201

SILVER SPRING, MARYLAND
8055 13th STREET

TEL_JU"iper 5-1088

PHILADElPHIA OffICE
1150 YORk ROAD

A8INGTON, PENNSYLVANIA
TEL_HA"<;o<;k 4.7419

REPAIR SERVICES
WEST COAST

WESTERN INSTRUMENT CO.
126 NORTH VICTORY BOULEVARD

BURBANk, CALifORNIA
TEl._Vldotio 9.3013

CANADA

BAYLY ENGINEERING, LTD
fiRST STREET

AJAX, ONTARIO
TEL.-Tcoro"to EMpire 8.6166
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MOTOR DRIVES FOR W-SERIES VARIACS®

r1t46 INTH ISIS SUE
Page

SYNCHRONOUS DIAL DR[VES 5
120-cYCLE BRIDGE FOR CAPACITOR TESTING 9

Motor drives in a wide variety of
speeds, suitable for servo work as well
for remote positioning applications, are
now offered for the recently announced
TYPES W5 and W2 Variac. These
drives, together with the several model
and ganged assemblies previously an­
nounced 1,2 make the W-serie' Variacs,

I .. Type W5 Variac®. General Radio Experimenter. 30.
7; December, 1955; pp 1-11.
2" l\1ore New Variacs!)", General Radio Experimenter,
30. 12; May, 1956; pp 13-15.

an extremely flexible and versatile
product line. The completene of the
line is best illustrated by the "geneal­
ogy" shown in Figure 1. Careful design
planning and extensive production tool­
ing make it possible to assemble the
many variations shown from a limited
number of stocked parts and sub­
as emblies. The prices are consequently
determined on a production basis,
rather than on the "special-order"
basis that might ordinarily be expected.

Mechanical Design

An extremely simple and straight­
forward design has been adopted to

Figure 1. "Family tree" of W-model Variac® Autotransformers. Type numbers are formed by adding
in sequence the appropriate letter and numeral combinations. For examples, see Figure 4.

MOTOR DRIVE

NUMERALS INDICATE TIME IN SECONDS FOR ONE TRAVERSE(320·)

MT3

MT

M

BASIC
VARIAC BB

UNIT

W2
BBM

W5
W5H

G2 G2BB

G2BBM

G2M

~ G3 G3BB

G3BBM

G3M

ALL MOTOR-DRIVEN VARIACS ARE EQUIPPED
WITH BALL BEARINGS.

ARE INCLUDED
02 D2M

04 D4M

DBC DBCM

D8CK DBCKM

DI6CK DI6CKM

DI6C DI6CM

D32CK D32CKM

D64CK 1oo4CKM

GANGS
BALL

BEARING
MODELS

CASED
MODELS

FOR SERVO
USE

FOR REMOTE
FOR SERVO PO SITIONING.

MOTOR
OR REMOTE CAPACITOR
POSJTIONING. AND

MOTOR MICROSWlTCHES
CAPACITOR FOR LIMITING
IS INCLUDED TRAVERSE

CASED
MODELS
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provide motor drive. The gear reducer
motor, with a suitable mounting plate,
is "ganged" to the unit to be driven,
much as another Variac would be. The
construction is shown in Figure 2.
Drive is from the base end of the
Variac, making possible a rigid mechan­
ical assembly and minimizing insulation
problems. Ball bearings are used on all
motor-driven Variacs.

Gear coupling between motor shaft
and Variac shaft was chosen for a
number of reasons.

1. The problem of alignment be­
tween shafts is reduced as compared to
a rigid direct coupling.

2. The problem of phase shift in a
flexible coupling is eliminated, simplify­
ing the servo-drive problem.

3. With a choice of gear ratios several
drive speeds can be provided from a
given motor.

Mounting slots in all motor plates
permit proper motor location for the
selected gear and close adjustment of
the gear and pinion mating. Motor
leads are brought out to a terminal
strip attached to the motor plate.

Motor

To make available a wide range of
drive speeds, three different motor
speeds will be stocked. Gear reducers
assembled to the basic motors produce
output shaft rates of approximately one
second, four seconds, and sixteen sec­
onds per revolution. These speeds, in
conjunction with the additional choice
of reduction available in the coupling
gears, provide Variac traverse rates of
2, 4, 8, 16, 32, or 64 seconds, full scale.

The two fastest drives (2 and 4
seconds) are intended for servo opera­
tion, as in the GR TYPE 1570-A Auto­
matic Voltage Regulator. For such ap­
plications the motor chosen has low
moment of inertia and high angular ac­
celeration. The low angular momentum
eliminates any need for limit switches,
ordinarily used to de-energize the
motor. A simple mechanical stop is
used, arranged so that stalled torques
are not transmitted to the Variac.
Enough elastic deformation is provided
by the Variac shaft to prevent impact
damage to the gear train. Both motor
and gear train will withstand stalled

Figure 2. View of a motor driven Type W5 Variac.

,
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Figure 3. View of cased model of motor-driven
Variac. Appearance is identical with that of a

ganged model with case.

conditions indefinitely and will take,
without damage, thousands of full­
impact stops. Since, for servo-operation,
it is assumed that the proper motor
capacitor will be included in the servo
amplifier, no capacitor is furni hed.

The same type of low-inertia mo­
tor is used also for the medium-speed
drive (8 and 16 seconds), in who e ap­
plications fa t tarting is not ordinarily
essential, but fast topping with mini-

mum overshoot is desirable. '''ith the
motors selected, stopping is fast enough
so that for most applications no dy­
namic braking is required.

Thi motor can be u ed for either
servo or remote positioning applica­
tions, and so a motor capacitor is fur­
nished. Microswitches for limiting tra­
verse are optional.

The third motor, for 32- and 64­
second traverse and remote-positioning
applications, has a higher torque, ex­
ceeding the capabilities of the mechani­
cal stop, so that microswitches are
mandatory. Motor capacitor is fur­
nished.

Table I summarizes the mechanical
specifications for the three motors.

Enclosures

Motor-driven assemblies are avail­
able open or completely enclosed. The
structural similarity to a ganged Variac
is extended to the method of enclosure.
Neat, economical enclosure is pro­
vided by making use of already avail­
able ca es and methods. Figure 3
shows a typical enclosed assembly.

TABLE I

STANDARD EXTERNAL GEARING

TANDARD
A 2:1 4:1

B 2:1 4:1
MOTOR -

C 2:1 4:1

SECONDS FOR 3200 2 4 8 16 32 64

OU JCE-I CHES TORQUE 30 60 120 240 240 480

VARIAC 2 x x xo xo xo xo
I

W - or M - * l\Iodel 2G2 x x xo xo xo xo
115 or 230 vol ts

2G3 x xo xo xo xo

5 x I x xo xo xo xo

5G2 x xo xo xo xo

5G3 x xo xo xo xo
,

STOP l\IECHAXICAL OPTIONAL MICROSWITCH

CAPACITOR )1"0 YES YES

x Sen'o applications only xo Either servo or remote positioning * 60-eycle motor, 40O-eyc1e Variac
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Although the many possible a s 111­

blies and variations a shown in Figure
1 are not tocked assembled for imme­
diate hipment, inventory will be car­
ried of ba ic ball-bearing "\ ariacs, a'
well as motor drive, micro-switch as-
embly and enclo ure part. Under nor­

mal conditions, therefore, any of the
combinations shown can be hipped, in
moderate quantities, within a few weeks
of order.

r------B..lc Variac type
r-----23O volts
r---- 3-gang assembly
r---- Motor-driven with ball bearings

,-----16 seconds for nominal 3200 traverse
,----Motor capacitorr:= Mlcroswltches

I I Case furnished

W5 H G3 D 16 C )( M

r--- BaBIc Variac (115 volts)r= Ball bearllllls
I I Cased

W2 BBM

Figure 4. Two examples af how Variac type num­
bers are formed.

SPECIFICATIONS

ounce-in. 2

ounce-in. 2
Type W2, 0.95
Type W5, 3.0

Moment of Inertia, rotor: 0.1 ounce-in. 2

Stal/ed rotor torque: 2 ounce-inches
Theoretical acceleration: 7680 radians/sec.'
Variac Moment of
Inertia:

Motor: 2-phll.se, 115 volts, 60 cycles
Winding Impedance: at 60c, 1300 + j2200 ohm,
each winding; d-c resistance, 575 ohms, each
winding.
Capacitor: 0.8 to 0.9 pf, oil-filled, 300 v wkg.
Normal speed, rotor: 1350 rpm

PRICES

Price
$18.50

39.00
57.00
23.00
49.00
71.00
25.00
53.00
77.00

MOTOR-DRIVEN ATTACHMENTS
Unit Price

* 10tor-driven Variacs need not include the
BB de ignation in the type number, ince all
motor-driven models are equipped with ball
bearings.

t In lots of 5 or more. For quantities less than
5, an additional sei-up charge of $6.00 is added
and is prorated over the quantity ordered.

Refer to Table I for available model
Refer to Figure 3 for type numbering system

Variac or Variac Assembly
with ball bearings
W2 BB*
W2G2 BB*
W2G3 BB*
W5 BB*
W5G2 BB*
W5G3 BB*
W5H BB*
W5HG2 BB*
W5HG3 BB*

Motor Drive Only (D)
Capacitor (C)
::\1icroswitche (K)
Ca e (M)

$75.oot
nlc

7.00
8.00

NATIONAL ELECTRONICS CONFERENCE
Hotel Sherman Chicago

October 1-3, 1956

Visit the General Radio exhibit in booths 142 and 143 to see the latest in electronic
test equipment. The motor-driven Variacs® and the X-Y dial drives described in
this issue will be on display, as will the new Type 1230-A D-C Amplifier and Elec­
trometer, the Type 1605-A Impedance Comparator, the Type 1213-C Time/
Frequency Calibrator, the Type 1391-A Pulse, Sweep and Time-Delay Generator,
and other important new instruments.
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SYNCHRONOUS

AUTOMATIC

Automatic weeping technique con­
tinue to increase in importance in elec­
tronic measurement sy tem . The im­
proved reliability of data and the con­
servation of man-hours, together with
the design of new recorders and wcep­
ing device, have timulated greater use
of this te t method. Basically, the inde­
pendent variable, whether it be fre­
quency, voltage or other quantity, is
varied at a controlled rate over a fixed
range while the output characteristic of
the device under test is observed or
recorded. In particular, the measure­
ment of the frequency response of a
device or system lends itself readily to
thi technique.

The output amplitude as a function
of frequency can be displayed on a
cathode-ray oscilloscope by u'e of the
methods previou Iy described for Gen­
eral Radio's TYPE I750-A S\\'eep Drivel
and TYPE 908-PI and P2 Synchronous
Dial Drives. 2 'When permanent and
more precise recordings of the da ta are
required, however, the u e of a t\\'o axi
plotter is de irable, A d-c \'01 tage pro­
pOl-tional to the independen variable i .
fed in to drive the X axi , \\'hile the
output characteri tic as a d-c signal i.
used to drive the Y axis of the recording
pen. For most plots a singlc trace i
sufficient, and it is desirable to use
wccping rates con iderably slowcr than

those used in eRO presentation. A
synchronous sweeping ratc is not al­
way. required but is often valuable be-

I Eduard Karplus... A New System for Automatic Data
Display". General Radio Experimenter, 29. 11. AI,ril. 1955.
f H. C. Littlejohn, ...Motor Drhpes for Preci ion Dials
and Beat-Frequency Oscillators," Gl'Ilfral Radio Ex,
perimenltr, 29, 6, ovember. 1954.

Figure 1. View of the Type 908-R 144 X-Y Dial
Drive installed an a Type 1208-8 Unit Oscillator.

DIAL DRIVES FOR

X-Y PLOTTING

cause it furni he a tandarcl, repro­
ducible, common time base.

The new General Radio X-Y Dial
Drives are de igned to weep tandard
GR 4-inch (TYPE 907-WA) and 6-inch
(TYPE 90 -WA) Gear Driven Precision
Dials for front-of-panel mounting. The
4-inch model i shown in Figure] and
the 6-inch model in Figure 6. The syn­
chronous motor in the d ri \'e rotates
the dial at a uniform rate. \\'hich, in turn,
rotates a potentiometer providing an
outpu 1, voltage proportional to the dial
position. The motor can be switched off
and disengagcd from thc dial to permit
manual operation of the instrument by
means of u knob mounted on the poten­
tiometer haft. Tit, potentiometer re­
main engaged with the dial regard Ie s
of the mcthod of operation, thus facili­
tating adju tment of zero position
hefore the recording i made.

The e drives are readily mounted in
place of the exi ting manual 'gear dri\'e
on the GR 0 cillatOl' Ji ted on the next
page.

The drive may b u ed with other
equipment when the TYPE 907-WA or
TYPE 908-WA Dial is in talled.3

3 ee latest General Radio Catalog.
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Figure 2. Assem­
bly of equipment
for plotting fre­
quency charac­
teristic of a Type
874-F 185 Rejec­
tion Filter. The
Type 121s-A Unit
Oscillator is driv­
en by the Type
908-R96 X-Y Dial
Drive; oscillator
amplitude is held
constont by the
Type 1263-A
Amplitude-Regu­
lating Power Sup­
ply. The recorder
is 0 Variplotter,
Model 1100-A,
manufactured by
Electronic Asseci­
ates.

(* Instruments marked require tbe Type 907-R Drive
while tbose not marked require the Type 908-R Drive.)

The amplitude of the signal from the
oscillator must be held constant if the
final recording is to be a direct indica­
tion of relative response. The General
Radio TYPE 1263-A Amplitude Regu­
lating Power upply, when used with
the TYPES 1211-B, 1215-B, 1209-B or
121 -A "Gnit 0 cillators, will provide a
constant output voltage. The TYPE
1304-B Beat-Frequency Audio Genera­
tor and 1210-B Unit R-C Oscillator

Type No.
1304-B

*121D-B
1211-B
1215-B

*1208-B
*1209-B
1218-A

Beat Frequency
Audio Generator
Unit 0 cillator
Unit Oscillator
Unit 0 cillator
Unit 0 cillator
Unit 0 cillator

nit Oscillator

Frequency Range
20-40,000 cycles

20-500,000 cycle
0.5-50 Mc
50-250 Mc
65-500 Mc

250-920 Mc
900-2000 Mc

contain built-in, automatic-voltage­
control circuits. A system re pon e can,
of course, be recorded and compared
with a recording of a varying input
signal if it is impracticable to maintain
a constant input ignal.

Fig. 2 show a et-up in which the
regulated output of a TYPE 1215-B
oscillator is being swept over the range
of 50 to 250 Mc and fed into a TYPE
874-F185 Low-Pass Filter. The recti­
fied output from the filter and the dial
po ition voltage are plotted by an X-Y
recorder \yith the results shown i.n Fig.
4. Figure 3 is a block diagram of the
sy tem. It may be of intere t to note
that one can prepare suitable calibrated
coordinate paper on the recorder by
fir t manually positi.oning the dia I to a
specific frequency and then traversing

Figure 3. Block diagram for equipment shown in Figure 2.

1263-A
AMPLITUDE

REGULATING
POWER SUPPLY 'Y"AXIS SIGNAL

DEVICE
UNDER
TEST

1215-B B74-VR B74-K B74-FIB5 B74-VO B74-WM
XY

UNIT VOLTMETER COUPliNG LOW PASS VOLTMETER SOil.
PLOTTER

OSCILLATOR RECTIFIER CAPACITOR FI LTER DETECTOR TERMINATION

,

~
D-C 90B-R96

H ":" AXIS SIGNAL

SUPPLY
DIAL

DRIVE
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the pen ill the Y direction. After this
procedure has been completed for prin­
cipal values of frequency, suitable
values of the Y axi voltage are fed in
and the pen traversed along the X axis.
If this grid is drawn on tracing paper
prints can be made to provide special­
ized plotting paper.

The TYPE 1304-B Beat-Frequency
Audio Generator has been designed
with a logarithmic dial, thus conven­
iently permitting the use of commer­
cially available audio-frequency semi­
log paper. This feature is a great ad­
vantage in amplitude frequency tests on
lines, amplifiers, loudspeakers, filters,
equalizers, transducers and other net­
works.

An interesting application of the
sweep technique in the audio range is
shown in Figure 7. While some tape

Me

recorder' record and play back at the
same time, the leakage of the bias signal
between the two heads may influence
the apparent output response level. To
obtain the most reliable results, the
input signal should first be recorded and
then played back on a subsequent rerun.
Since the oscillator is being driven
synchronously, it is po sible to insert a
frequency marker on the original signal
fed to the tape recorder, which can be
used to key the recorded sweep of the
oscillator with the output signal from
the tape recorder.

To provide greater vel' 'atility in the
use of these dial drives, two speeds are
offered in each of the two sizes. The
higher-speed models operate with a
self-reversing synchronous motor while
the 10IVer-speed models are driven by
counterclockwi 'e (increasing frequency

Figure S. View of the Type 1304-B Best-Frequency Audio Generator and X- Y Dial Drive, with Moseley
Model 60 Logarithmic Amplifier and Model 3 Autograph X-V Recorder, arranged to measure the audio
network shown in the foreground. The logarithmic amplifier, whose d-c output is proportional to the

logarithm of the a-c input, permits the use of an amplitude scale linear in db.

•

•

'---:;;~""'i ;;;m .. '
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Figure 6. Close-up
view of the Type
908-R X-Y Dial Drive
installed on the Type
1304-B Beat-Fre­
quency Audio Gen­
erator. This generator
is ideal for audio­
frequency plaiting,
because it covers the
entire audio range in
a single sweep of
the dial and its out­
put voltage is con­
stant to ± 0.25 db.

on OR oscillators) motors. On these
lower-speed units, a friction clutch is
supplied to prevent damage if the
motor is permitted to run after the dial
has reached its stop.

To accommodate the wide range of
d-c Yoltage ranges that may be desired
from the position potentiometer, bind­
ing posts are provided for the insertion
of a selected d-c supply. Binding posts
are also availahle for the position signal.
The direct-cl-upled, manual-drive knob
can be used to center the potentiometer
ahout any dial etting.

+3-

These drives find many important
applications in both laboratory de­
velopment and production testing, be­
cause they offer advantages of a rapid,
reliable, semi-automatic test uncom­
plicated by the tedious task of reading,
logging and plotting point by point
values. It can produce an accurate
graphic performance record that is eas­
ily compared with acceptance stand­
ards and one which can be reproduced
for record files, certification reports and
customer's information.

- O. A. CLEMOW

,.. , ,
FREQUENCY IN CYCLES PER SECOND

Figure 7. Graphic rec­
ord of the frequency
response of a tape
recorder. The test volt­
age source was the
Beat-Frequency Audio
Generator shown in
Figure 6. The vertical
line at 100 cycles is
the frequency calibra-

tion reference.
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SPECIFICATIONS

Power Supply: Motor: 105-120 volts, 50-60
cycles, 3 watts. Potentiometer, see below.
Dimenoions: 907-R, 4 (diameter) x 3Ys (deep)

inches.
908-R, 5% (diameter) x 3Ys (deep)

inches.

Weight: 907-R, one pound/ 11 ounces.
908-R, two pounas.

Note: Data are for 60-cycle operation. 1ultiply
speeds by % for 50-cycle operation.

Center-tapped Max
Pinion Dial Potentiometer Potentiometer Reso-

Type Dial Speed Speed Rotation Resistance Current lution

907-R18 907 YzRPM 18°/min CCW 20 k!1 lOrna 004°
907-R144 907 4 RPM 144°/rnin Self-reversing 20 k!1 10 rna 004°
908-R 12 908 YzRPM 12°/rnin CCW 50 k!1 10 rna 0.2°
901-R96 908 4 RPM 96°/min Self-rever ing 50 kf! 10 rna 0.2°

Type Code Word Price

907-R18
907-R144
908-R 12
908-R96

X·Y Dial Drive .
x-Y Dial Drive .
x-v Dial Drive "
x-Y Dial Drive .

EARLY
EDUCE
EGRET
EJECT

$55.00
55.00
55.00
55.00

ELECTROLYTIC
CAPACI·

SOURCE FOR
TESTING WITH THE

TEST BRIDGE

A 120-CYCLE
CAPACITOR

TANCE
In most applications of electrolytic

capacitors, a significant 120-cycle ripple
component is superimpo ed on the ap­
plied unidirectional voltage. For thi
reason it has become "ridely accepted

standard practice to test such capaci­
tor at that frequency rather than at
the more readily available 60 cycles. To
meet this requirement, a modification
of the 60-cycle TYPE 1611-A Capaci-

Figure I. View of the Capacitance Test Bridge (left) with 120-cycle oscillator (center) and Unit Variable
Power Supply (right) for furnishing the doc polarizing voltage.
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,--------e_~_~..--___,

Figure 2. Elementary schematic of the bridge.

EXTERNAL
GENERATOR

+
DC

. -+
UNKNOWN

TUNED
AMPLIFIER @

VISUAL
NUll

INDICATOR

capacitors over a range of low audio
frequencie , it i convenient to make
uee of the impedance-matching trans­
former and switching provided in the
new oscillator. Accordingly, a jack is
provided on the panel of the oscillator
by means of which an external source
can be connected.

The bridge circuit is designed for
optimum sensitivity at 60 cycles, and
substantially the same performance is
obtained at 120 cycles. As the measur­
ing .frequency i raised, however, the
bridge sensitivity factor decreases and
above about 400 cycles is inversely pro­
tional to frequency. Figure 3 shows the
variation of the bridge sensitivity fac­
tor 2 S for the different settings of the
CAPACITANCE dial. The sensitivity
factor is independent of multiplier
setting, but the voltage applied to the
bridge varies with ratio arm setting, as

Za

'Defined as S = Zb d, where d is the precision of
l+Za

Zb
setting of the reactive balance

"Electrolytic Capacitor Testing at 120 Cycles ", General
Radio Experimenter, Vol. 28, No.6, November, 1953, p. 8.

Other Frequencies

For the measurement of electrolytic

tance Test Bridge has been available
for some time.1 The modification as
shown in the schematic diagram (Figure
2), consists primarily of the addition of
terminals for connection of an external
generator and of providing 120-cycle
tuning for the internal detector. Switch­
ing is provided so that either the
standard circuit or the special con­
figuration can be used.

Because the input impedance to the
bridge varies between 1 ohm and 1000
ohms, most available audio oscillators
are not capable of delivering enough
voltage directly to the bridge over it·
entire range for adequate sensitivity of
balance. A multiwinding impedance­
matching transformer is frequently re­
quired to deliver adequate energy to the
bridge, particularly for the 1000 multi­
plier setting, and, in any event, a trans­
former is required to isolate the a-c
source from the d-c polarizing voltage.

A recent modification of the TYPE
1214-A Unit Oscillator, the TYPE
1214-AS2 120-cycle Oscillator, has a
power output approaching the maxi­
mum that the bridge arms will with­
stand. This inexpensive oscillator pro­
vides the 120-cycle source, the im­
pedance matching, and the isolation.
An output transformer is provided,
tapped to provide optimum match to
the bridge for each of the four ap­
plicable multipliers. A panel switch
selects the proper tap, and the engrav­
ing corresponds to the multiplier mark­
ings of the bridge, Xl, XlO, X100, and
X1000.
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10,000 ,uf and 1000 cycles a series re­
sistance of 0.001 ohm in lead or connec­
tion produces a dissipation factor of 0.6
(60%). For such an extreme case the
limitation on accuracy is external to the
bridge; for less extreme combinations of
frequency and capacitance the accuracy
of dissipation factor is ±2% of dial
reading ± .0005 (f/60).

Applied Voltage

The a-c voltage applied to the capaci­
tor under test is always somewhat lower
than the voltage applied to the bridge,
shown in the table above, since the
ratio arm is in serie with the unknown.
The d-c polarizing voltage should nor­
mally be greater than the peak value of
a-c test voltage. The voltages applied
by the TYPE 1214-AS2 Oscillators are
safely below ordinary voltage ratings
for any given range. If, however, re­
duced test voltage is desired for capaci­
tors of very low d-c rating or for any
other reason, an adjustable resistor may
be connected (in series or shunt) be­
tween the oscillator and the bridge to
et to an arbitrarily specified level.

- I. G. EASTON

Approx. 1Toltage (rms)
A pplied to Bridge

18
6
2
0.6

Bridge Multiplier

X 1
XlO
X 100
X 1000

shown in the following table.

The upper frequency limit for atis­
factory operation is thus a function not
only of available detector sen itivity
and applied voltage but also of the
magnitude of the capacitance being
measured and of the accuracy of meas­
urement desired. With the internal de­
tector, measurements can be made at 1
kilocycle on even the highest multiplier
with a resolution of about 1%. If higher
resolution is desired, a more sensitive
detector can be connected externally to
the external-filter jack of the bridge.
For best results the external detector
should have a 20-db discrimination to
harmonics and noise.

Dissipation Faetor

The dissipation factor range of the
bridge is directly proportional to fre­
quency. At 60 cycles the range is 0.6
(60%), at 120 cycles 1.2 (120%) and at
400 cycles 4.0 (400%). This variation is
compatible with the normal tendency
of high-nlue electrolytic capacitors to
show dissipation factors rising with fre­
quency as a result of fixed series re­
sistance.

The effective accuracy of dissipation
factor measurement decreases at the
high frequencies. In addition to the
problem of residual phase-angle errors
within the bridge, the problem of mak­
ing a satisfactorily low resistance con­
nection to the capacitor under measure­
ment is a serious one. For example, at

Figure 3. Variation of bridge sensitivity with
frequency for different sellings of the CAPA.

CITANCE dial.

0.01 L---6.J.0--...J12L....0----4L....00---1~000

FREQUENCY IN CPS
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S P E C I F I CAT ION S FOR TYPE 1214-AS2 UNIT OSCILLATOR

12

Frequency: 120 cycles ±2%.
Output Impedance: Four impedances to match
the impedance of the TYPE 1611-AS2 Capaci­
tance Test Bridge at four multiplier positions.
Output: At least 200 milliwatts into matched
load.
Controls: Output impedance switch and power
switch.
Distortion: Less than 3% into a matched load.
Terminals: The output terminals are jack-top
binding posts with standard %;-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 mo t 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.
Accessories Supplied: Spare fuses; the power
cord is integral with the unit.
Tube: One 117N7-GT, which is supplied with
the instrument.
Mounting: Aluminum panel and sides finished in
black-crackle lacquer. Aluminum dust cover
finished in clear lacquer. Relay-rack adaptor
panel available.
Dimensions: (Height) 5%; x (width) 5 x (depth)
674: inches, over-all, not including power-line
con nector cord.
Net Weight: 4;1 pounds.

S P E C I F I CAT ION S FOR TYPE 1611-AS2 CAPACITANCE TEST BRIDGE
Capacitance Range: 0 to 11,000 J.lf at 60 cycles.
1 J.lf to 11,000 J.lf at 120 cycles or other external
frequency.
Dissipation.Factor Range: 0 to 60% at 60 cycles.
Range proportional to frequency. (0 to 120% at
120 cycles.) Dial readings must be multiplied

by the ratio io for frequencies other than 60

cycles.
Accuracy: Capacitance ±1 %. Dissipation fac-

tor ±(2% of dial reading +0.05% x-fc, dissipa­

tion factor).
Detector Filter: Tuned to 60 or 120 cycles, se­
lected by switch. Jack provided for use of an
external filter for other frequencies.
External Generator: Required for frequencies
other than 60 cycles. TYPE 1214-AS2 Oscillator
described 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 each 6X5-GT/G, 6 J7,
and 6U5.
Net Weight: 30;1 pounds.
Dimensions: (Width) 14;1 x (depth) 16 x
(height) 10 inches, over-all, including cover and
handles.

Type Code Word Price

1214·AS2
1611·AS2

Unit Oscillator (including power supply) .••....•
Capacitance Test Bri:lge .

ABBOT
FAVOR

$95.00
$S45.00

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WOrth 4.2722

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENU'E•

TEL-WAbash 2.3820

LOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARD STREET

TEL.-HOllywood 9.6201

SILVER SPRING. MARYLAND
8055 13th STREET

TEL.-JUniper 5.1088

PHILADELPHIA OFFICE
1150 YORK ROAD

ABINGTON, PENNSYLVANIA
TEL.-HAncock 4.7419
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VOLUME 31 No.4----NEW TELEVISION TRANSMITTER MONITOR

A Major Advance in Station Instrumentation
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M.onitoring equipment for radio and
television broadcasting st,at,ions must
meet or exceed FCC requirements, but
reliability and easy maintenance are
equally important. Beyond this, the

well-designed and properly used mOIll­

tor can function as a general test instru­
ment for transmitter operations and
maintenance, and these test facilities
should be easily available and COl1ycn­

ient to usc. Finally, obsolescence must
be considered and the monitor should
be designed not merely to meet today's
minimum rcquircments of accuracy and
dependability, but to anticipate those
of tonlOl'l'OW.

Figure 1. Ponel view
of the Type 1184-A
Television Transmit.

fer Monitor
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The General Badia Company has
been concerned with instrurnentation
for t,he broadcasting station for thirty
years, \\"hich provides a fund of field
experience unrnatched in the industry.
General Radio monitors are used by
twice as many .A1\'1 broadcast,ing and
TY stations a~ all other makes com­
bined.

The design of the new Gcneral Radio
TYPE 1184-A Telc\"ision ']'ransmitter
:\[onitor is based upon the field experi­
ence with its predecessors and incorpo­
rates many features specifically re­
quested by transmittcr engineers,

This new instru1ntnt is more than a
monitor. It provides for many opera­
tional tests that \\"ill speed and improve
adjustment, maintenance, and trouble­
shooting in both aural and visual trans­
mittcl' circuits, Continuous audible
monitoring against loss of eithcr carrier,
and continuous meter monitoring of
F1\1 noise on the visual carrier, are
typical of the additional functions pro­
viued in this new instrument.

I t provides maximum pmtechon against
obsolescence.

The TYPE 1184-1\ Monitor is designed
beyond mere legal minLmum require­
ments for today's usc. Thus protected

Figure 2. Front ponel removes eosily, ond entire
chossis pulls for word on slides for occess to od­
justmenis, test points, ond tubes, with monitor

operating.

against early obsolescence, this ne,,·
instrument promises long-tenn value
that far outweighs initial cost consid­
erations.

It 1.8 easy to keep in operation. The
TYI'>; 1184-.\ Monitor expresses a
,,"holly new concept in mechanical de­
sign that gives convenience never before
attained in an instrument of this type.
Every operation in the installation, usc,
and maintenance of this new monitor
can be handled from the front.

OUTSTANDING FEATURES

Intercarrier Monitoring

The new color TV standards I specify
tolerances:l: for both the ,'isual trans­
rnitter and intercal'rier frequencies,
thus requiring monitoring facilities for
both. In addition, a complete intercar­
riel' sound-detection system has been
included within the monitor. This per­
mits monitoring that simulates actual
receiver operation and makes possible
the correlation of transmitter perform­
ance with receiver listening tests.

Residual F~M Noise on Visual Carrier

Ko convenient method has hitherto
existed fOl" direct measurement of the

Figure 3. For access to rear or bottom, chassis tilts
into this position ond is held by lalches, Monitor

is stitl operoting.



Precision Temperature-Controlled Oven

.-\ ne\\", precision, tempcrature-con­
trolled] crystal o\"cn has been designed.

•
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to the operation and should not be
touched "'ithout full knowledge of its
function. An amber-circled adjustment
is intended as a caution sign ancl implies
that some auxiliary measurements may
be required in obtaining proper results.
A green-circled control is one which
may be adjusted readily and does not
require any external equipment in es­
tablishing its correct setting.

Another assist is gi\'en the operator
by havi ng " flow li ncs" or " oi rcui t trac­
ings" outlined upon the top of each
shelf. It iE thus possible to proceed from
a functional block diagram directly to
the instrumellt itself and to follo\\" the
circuit progression Cjuite readily. Highly
detailed schematic wiring diagrams need
only be referred to for isolated trouble­
shooting in localized spots.

The monitor offcl's minimum resist­
ance to yertical air flo\\'. This not only
prC\'ents overheating of the monitor
itself but also docs not obstruct the air
flo\\' and thus o\'crheat units placed
abo\"c or below the monitor. Hence the
monitor's location in the rack is cn­
tirely optional, ancl a height call be
chosen that gives the best visibility.

Figure 4. For convenience In mllintenonce signol
polhs ore indicoted by flow lines, odjustmenfs ene
color coded, and test points are c1eorly morked.

Construction

In any instrument as complex as a
monitor, facility and ease of service are
of paramount importance.

All n1ajor circuits in the monitor call
be checked for proper operation by
mcans of a panel selcetol' switch. Input­
lcvel adjustments arc located directly
behind a quickly removable panel plate.
The panel itself has only those controls
which are necessary to operate the
monitor.

By pulling forward on a handle, aile
can slide the entirc monitor out of the
relay nlck, where it will lock upon two
metal slides in an extended operating
position. All tubes, internal circuit
adjustments, cables, and plugs are
within cas." reach. The entire front shelf
of the monitor can be serviced from
this position. Thc real' of the monitor is
readily accessible as shown in Figure 3.

All adjustments and test points are
clead." marked in recognizable colors
and the color code indirates the relative
importance of the particular adjust­
ment. Thus, a red-eire-led control is \'ital

residual f-m noise on the "islH'Ll trans­
mitter carrier. In monochrome opera­
tion, noise of this type caused trouble
in some Lypes of receiycrs. \Vith the in­
troduction of color, this condition is
more serious because of the distinct
possibility of oycr-modulat,ion on cer­
tain saturated colors unless "ideo mod­
ulators are prevented fronl doing so by
adequate limiters properly adjusted.
Since a noise burst will appear in intcr­
carrier-sound-detection receivers when­
ever either carrier frequency momen­
tarily goes to zero, as when the visual
transmitter is modulated to full 100%
in the negative (whitc) direction, it
becomes important to be able to moni­
tor this characteristic. Circuits for this
purpose are pro\'ided in the monitor.

3
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This new unit uses a vacuum flask as
the insulating enclosure. Its low thermal
losses permit operation with an average
pO\ver of two watts of heat input at
normal room temperature. This makes
possible a very simple control circuit
without relays or the contact-resistance
problems usually associated with sensi­
tive thermostats.

BASIC PRINCIPLES

The monitor operates on the same
basic principles as its General Radio
predecessors. 2. 3, 4 It employs a single
master-reference frequency, a harmonic
of which is heterodyned with both
visual- and aural-carrier frequencies to
generate two beat frequencies, 4.35 Me
and 150 kc, respectively. which are used
in direct monitoring of each carrier
separately. This is illustrated in Figure
5. A third beat frequency of 4.5 Me
is also produced by mixing aural- and
visual-carrier frequencies and is used
in intercarrier monitoring.

Block Diagram

In the center portion of Figure 6 is
shown the block diagram of the direct-

monitoring systems. Two additional
circuit groups permit the measurement
of residual f-m noise on the visual car­
rier, shown to the left, and provide for
intercarricr monitoring, shown to the
right.

For direct aural-carrier frequency
monitoring, thc 150-kc signal (which
contains the frequency-modulation com­
ponents present on the aural carrier)
operates an I-F limiter-amplifier, which
drives a pulse-counter discriminator.
The d-c component of the output of
this discriminator is proportional to the
average center frequency of the aUl'al­
transmitter carrier frequency.

The 4.35<Vlc signal is Ilsed for di­
rect visual-carrier frequency monitor­
ing. Since this signal is not frequency
modulated, a narrow-band frequency
metor can be advantageously used, both
for maximum sensitivity and to remove
unwanted video modulation compo­
nents. A ~econd heterodyne process con­
verts the 4.35-1\1c signal to 1750 cycles.
A limiter-amplifier operating at this
frequency feeds a pulse-counter dis­
criminator whose d-c output is a meas­
ure of the frequency of the visual­
transmitter carrier frequency. This dual

STANDARD TV CHANNEL
MASTER

REFERENCE
AURAL
."

VISUAL
1.25 '"I

/----- --- ---- -- --- ----1-- ......, , .
/ I \

Figura S. Frequency
diagram showing
principles of opera-

tian.

6 Me (CHAr-mE\,
SPEcTRUM)

PRINCIPLES OF OPERATION

FOR
FREQUENCY MEASURING CIRCUITS

1750.

-0.
-r

~15UAl CARRIER
fRE~UENCY METER

,
o

FREOuE.NCY 0
{RELATI~E TO INTER'"

RlOFF.:RENCE)
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Figure 6. Functional
block diagram of the

monitor.

FM NOISE
MEASURING

CIRCUIT

FOR DETERMINING
RESIDUAL F'" NOISE
ON VISUAL CAflRIER

,.,
RESPONSE

IOOlle

TO 0 a N METER

ELEMENTARY MONITOR CIRCUIT

,.,
RESPONSE

liK
o I~Ke

4.351150 hie
INTERPOLATING

REFERENCE

iii

FREOUENCY
VISUAl

CARRIER

INTERCARRIER
MONITORING CIRCUIT

COI\\·ersiol\ step is illustrated at the left
of Figure 6.

The 4.35-1\1c IF signal is also used
to operate a second limiter-amplifier,
where the residual amplitude-modu­
lated video components arc removed
from the signal. It then passes to a
tuned-circuit discrin1inator, the output
of which operates an external Distortion
and ="oise ~letel'.

The 4.5-~Ic intC'rcarrier signal oper­
ates a separate I-F limiter-amplifier and
is then heterodyned do,,-n to 150 kc b~'

means of a secondary reference crystal
operating at 4.35 1\lr, The resultant
150-kc heat is then a\·ailahle at a panel
swileh for selectively operating the
aural-monitoring circuits from this sig­
nal oJ', alternatively, from Lhe other
150-k(' signal derived directly from the
aural tralll:imiLter signal.

DESIGN FEATURES

Discriminators

For determining the centor frequen('y
of the aural carrie!', a mctel'-discrimina-

tor of high stability is required. For
frcquency-modulation detection a highly
lineal' discriminator is needed. Hereto­
fore, both of these functions were com­
bined in a single circuit. In the new
monitor, two sepantte discriminators
are used, each one optimized foJ' its
particular function.

The meter-discriminator is sho\\"n in
Figure 7. LRC (on the right) COIn prise
a lo\\"-Q series circuit operating abo\'e
til{' series resonant frequency. The d-c
\'oltage £, de\'eloped across C-4 is in­
\'ersely proportional to frcquency in the
region near 150 kc. The left section,
consisting of C-l. the two rectifiers, and
C-2, is the con\"entional pulse-counter
circuit, and hence the \'oltage E 2 is
directly proportional to frequency. 'This
gives t\\"ire the sensitivity of either cir­
cuit acting alone, and, because the d-c
meter responds t,o the differential, small
ehnnges in amplitude of the 150-kc
dri\'ing signal are eanceled out at the
zero-current position. Since this corre­
sponds to center ~('alc (3-0-3 kc), maxi-
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mum accuracy is obtained at the point
of maximum u~e.

The problems involved in this meter­
ing circuit can be shown by noting that
the meter actually operates over a
range of 150 :::l:: 3 kc; hencc, the meter
scale is only ± 2% of the operating fre­
quency. If it must remain stable tOI
saYI one di,"ision (i.e., 100 cycles), the
over-all circuit stability must be ± 100/
150,000 or ± 0.OG7%. To aehieve this
stability requires minute attention to
such details as component drift and
temperature coefficients. Fortunatcly,
the differential characteristics of the cir­
cuit aid in this respect. In this circuit,
stability is of paramount importance
and cvery practical means has been
used to make it outstandingly good.

An additional advantage of this me­
terinp; circuit is that no fragile ballast
tubes are required to regulate the heat­
ers of d-c amplifier tubes. The rectifiers
used arc crystal diodes, which have
been stabilized against ~hermal and
agmg cffeets by appropriate circuit
design.

Audio Discriminator

For frequency-modulation detection,
the discriminator must be extremely
linear and free of residual noise. Stabil­
ity is required only to meet the needs
of a modulation meter. This discrimina­
tor is bascd upon thc well-known pulse­
counter types,1i as shown in Figure 8.
The inherent linearity of these types is
well known, but 1-1<' filtering prohlems

are se,·crc. and sensltIvlt.y h usually
low. Both of these problems are min­
imized by a balanced pulse-counter dis­
criminator, which uses transformer out­
put coupling and providcs good sensi­
tivity and simple filtering.

Each diode produces, on each half,
cycle, a current pulse through a resist­
ance, R, as shown in the lower portion
of Figure 8. This action is analogous to
that of t.wo pulse counters in series. The
pulses occur at a uniform rate of 150 kc
in the absence of frequency modulation
of the J50-kc driving waveform. A d-c
componcnt is de\'eloped across t.he rc­
sistance R, but no use is made of this,
and, obviously, the transformer cannot
pass de. The 15Q-kc fundamental com­
ponent is balanced in the transformer,
leaving only relatively small-amplitude
even harmonics. These are high enough
in frequency to be well above the trans­
former pass band and are therefore
highly attenuated.

When the 150-kc input signal is fre­
quency modulated, the current pulscs
through the resistance R are time
modulated, i.e., they occur at a non­
uniform rate. The deviation is propor­
tional to the frequency modulation
present. The a-c components in the
audio range, represented by the time­
rate-or-change of these current pulses
occurl'ing in the transformer primary,
arc a mcasure of thc modulation prcs­
ent. These are passed through the trans­
former and constitute the demodulated
audio signals. Only a small amonnt of

Figure 7. Elementary circuit of balanced discrimi·
nator used for cenler.frequency meter.

I

t"1
r50~.

" '. "
((. ~

u" ,~\i!· tT ~,-

I , " .
PU.K/PUK' CONSTANT ,.. 13·0·S}

Figure 8. Discriminator used for f-m detection. At
top, simple prototype; below, balanced circuit

used in monitor.
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filtering IS ncccssa.ry in the audio cir­
cuits that folio\\'.

00"
1ol£ I'!CURY COLUMN

nO£R~TAT

Precision Temperature-Controlled
Crystal Oven 2.7";

,. ." I
"A'ncCIPATOFl

IlEAT(Fl

The heart of a frequency monitor is
the quartz crystal employed to cstab­
lish a. reference frequency. The new unit
de"cloped specifically for this monitor
is all example of simplieity in control.s

The circuit is shown in Figure 9. The
main heater current is controlled by a
small thyratron, which is turned on or
off by a mercury-column thermostat.
A cut-off, a-c, bias voltage is applied
to the thyratron control-grid through
the thermostat contacts, which close
at 60' C. To prevent overshoot of the
oven temperature, a small heater, or
anticipator winding, is placed around
the thermostat bulb'

This ('ontrol circuit is remarkably
free from troubles due to contact re­
sistances associated with the thermostat.

Figure 10 is a cross-section drawing
of the crystal-oven detail. An outer
aluminum cylinder surrounds the glass
vacuum flask which has a balsa-wood
plug at the open end. The heater is
wound on a metal disc attached to this
plug and all Icads are brought out

Figura 9. Schemotic of conlrol circuil for crystal
oven.

through it. The heat loss by conduetion
along the wires is thus minimized, anu
a mechanical mount is made available
for all internal paris. Included within
the gla flask are the thermoslal,
quartz crystal mount, and two air­
trimmer capacitors which arc externally
adjustable by means of insulated COII­

trol rods.
The control characteristics of lhis

oven are shown in Figure 11. In these
tests

J
the ambient temperature was

rapidly changed over a wide range, hy
means of I'apid forced-air circulation. It.
represents an extreme condition HOl

likely to be encountered in normal en­
vironments. For normal J slowly varying
temperatures, the oven will maintain
constant internal temperature at all
times within a few hundredths of one
degree C.

PANEL

SO·· 70·
THERMOMETER OUTER

ALUMINUM CASE

\
RETAINER

SPRING

VACUUN FLASK.

MODIFIED
9 PIN TUBE SOCKET

SHI:LDJ

hUARTZ tRyST)'

THIN-WALL
ALUMINUIol
CYLINDER

"ANTICIPATOR"

''"7''THERtolAL

"1E
MERCURY

THERMOSTAT
I

\ '""CAPACITORS

MAIN HEATER
WINDING

(
CAPACITOR

ADJUSTMENTS

BALSA '10'000
MOUNT.

Figure 10. Crass-sec­
tion of precisian tem­
perot ure-co ntro lie d

oven.
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General

fier circuit. Control of the d-c output
voltage is obtained by variation of the
conduction time of each thyratron,
through a d-c voltage applied to the
thyratron grids. 1'0 improve the thyra­
tron grid-control characteristics, a fixed
a-c bias voltage is applied through two
phase-shift networks. A conventional
regulator circuit, as is commonly used
with the series tube type of regulator, is
used to develop the necessary d-c con­
trol voltage. A 5651 voltage-reference
tube and a triode d-e amplifier are in­
cluded.

In order that the ripple frequencies
be isolated from the d-e regulator cir­
cuit, the ripple filter is placed between
the transformer center tap and ground.
Hipple frequency components are pres­
ent only on. the transformer secondary
and are isolated by adequate trans­
former shielding.

GENERAL RADIO EXPERIMENTER
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Figure 11. Control chorocterbtic:s of the crystal
oven.

A new AT-cllt plated crystal is used,
to provide the exceptional frequency
stability necessary to meet the strin­
gent requirements of u-h-f monitoring.

-.OZ·C \--\_+_-\-

".02"C

Power Supply

Pal'tindul' consideration was given to
the design of the power-supply scction
of this monitor. [t, is rccognizcd that
spare tube stocks arc maintaincd, and
replaecments are always on hand. l\11.c­
tallie I'eelifiers may have longer life,
hut, when operated <'ontinuously, their
ultimate replacement must be expected.
Spare parts sueh as these are usually
not immediately available and therefore
become inconvenient to replace in this
(·Iass of servi('c.

_\8 shown in Figure 12. two thyra­
trans an.' operated in a full-wave recti-

Every effort has bcen made to reduee
the efTects of tube replacements, and to
obtain normal operation throughout the
entire life of the tubes. Special selection
of tubes is unnecessary.

This monitor was designed with the
assistance of Messrs. H. P. Hall and
F. D. Lewis. Special credit is due Mr.
\Y. F. Byers for his many valuable de­
sign contributions and to ~rr. S. Samoul'
for his untiring efforts in the making
of experimental model and tests. :\lr.
H. G. Stirling was reponsible for the
desi~n-draftingdetail.

- C..'\. CADY

Figure 12. Elementary schematic af regu_
lated thyratron power supply.
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SPECIFICATIONS

Frequency Range: 50-800 Mc (tv channels 2 to
83).
RF Input:

1. Impedance: Low-impedanee loop coupling.
2. Level: lntended for use with standard

RETMA transmitter monitoring outputs (10
volts, SOn).

3. Max Sensitivity: One volt, for all functions
except the measurement of residual AM noise
011 the aural transmitter, which requires a mini­
mum of 4 volt,s r-f input.

4. Adjustments: Input levels for both aural
and visual transmitter are adjustable from the
front of the instrument.

5. Indication: Both aural and visual trans­
mitter input levels can be cheeked by direct
indication on a front panel meter.
Frequency: Crystal Stability - master reference,
± 1.4 ppm/30 days or ±0.35 ppm/IO days; sec­
ondary reference, ±5 ppm/3D days (=21.5
cycles) interpolating reference oscillator, ±5
ppm/30 days (=22.5 cyeles).
Accuracy'

Inter-
Aural Fisual Carrier

iVIeter 3-0-3 kc 1.5-0-1.5 ke 3-0-3 kc
Scale

Metering ±200c ±30c ±200c
Accuracy

Overall VHF 500c/30 days 250c for
Accuracy UHF 500c/JO days 30 days

Image Frequency Check: A checking dcvice is in­
corporated to insure that the transmitter fre­
quency is on the correct side of zero beat.
Aural Modulation (FM): Meter Scale, 0 to lOO%
+ 3 db, full scale; Meter Ballistics, as required
by FCC specifications; .I.11eler Calibration, lOO%
= 25 kc deviation; selector s\vitch for 100% =
50 kc to permit wide-deviation type tests;
Polarity Response, panel switch for positive or
negative peaks, for both meter and flashing
lamp; Peak Indicator, flashing lamp indicates
peaks in excess of dial setting; Dial, calibrated
from 0 to 100% and to +3 db above 100%;
il1eter Frequency Response, ±0.25 db from 50 to

15,000 cycles, ±0.5 db from 30 to 20,000 cyrlcs;
Peak Indicator F"equency Response, 0.5 db
from 100 to 15,000 cycles.

Fidelity Measurements:

Aural F-M Transmitter: Audio Outputs (at low fre­
quencies with 100% modulation), 10.8 volts
into 100 kn or °dbm at 600 n. Residual Distor­
tion (SO to 15,000 cycles), 0.15% for 25 kc
modulation deviation, and 0.25% for 50 kc
deviation; Residual Ii'M Noise, -70 db belmv
25 kc modulation deviation; Audio Response,
follows 75-p.sec de-emphasis curve within ::1::0.5
db from 50 to ]5,000 cycles, ±3 db from 15 to
30 kc; A-M Noise Reference Level (at low fre­
quencies), 4 volts into 100 kn; Residual Noise,
AM, -70 db below carrier level.

Visual A-M Transmitter: Noise (FM) Measuring
Output (at low frequeneies and 25 kc deviation),
1.5 volts into 100 kn load, 75-p.sec de-emphasis
circuit included; Residual (FM) Noise, -65 db
below 25 kc dcviation with normal video modu­
lation on transmitter (-70 db without video
modulation).

Intercarrier Measuremenh: Same as for aural
transmitter, except Residual (FAI) Noise is -63
db below 25 kc deviation of aural transmitter
with video modulation applied to visual trans­
mitters.

External Cannections:
]. Frequency lVletel"s:
Visual Transmitter, GR TYI'E IVIEDS-41-3,

0-200 ....a dc, 510 Q, one side gl'Ounded.
Aural Transmitter, CIt TYPE MEDS-72,

0-100 ....a dc, 510 n, one side grounded.
2. (FM) illodulation ll1cter: GR TYP8

ME DS-28, 0-600 ....a dc, 680 n, neither side
grounded.

3. Modulation-Peak Indicator: 3 watt-liS v
lamp, one side gl'Ounded.

4. Audio .llonitoring Output: Unbalanced­
600 n, 100% modulation = 0 dbm.

5. Audio llfeasurement Output: Intended for
use with the Typ~; 1932-A Distortion and Noise
Meter (100 ku unbalanced input); 10.8 volts
output at low frequencies; behind-the-panel
test jack for connecting on a temporary basis;
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rear jack provided for permanent wiring to 115/230 volts; 50-60 cycles.
rack-mounted Distortion and :'-loise .:\Ieter. (155 watts during 30 second initial warm

6. Power Cables: standby line, for master up).
crystal oven; power line, for monilor circuit-s. Mounting: 19-inch rack-panel mounting. Front
Power Supply: panel removable for access to controls. All con-

I. Sl:l.ndby Operation: trois available from front. Instrument mounted
15 watts, with master crystal oven operat- on slides for access to all P1\rts. Designed for

ing. vertical-:l.ir-fiow cabinet racks.
115/230 volts; 5O-GO e.w·les. Panel Finish: GR black crackle; also available in

2. Xormal Operation: certain other colors to match aLation equipment.
i\l~~.demand265 walts, with all thermosta.ts Dimensions: (Width) 19 x (height) 21 x (depth)

Min demand z.W watts, with all thermost:tts 16 inches, over-all.
olT. Net Weight: 75 lbs.

Type Code Word Price

1184-A Television TronsmillerMonitor .........•.•.... ••••.. GIAN'I' $2650.00

U. S. Patents Nos. 2,518,457 and 2,362.503. Licensed and Piltellts and patent applications of G. W. Pierce per-
under 1)"tent8 of the America.n Telephone an« Telc!,:raph taining to piezo-electric ('rystals and their associated cir-
Company, patclltsof the Hadio Coq:>oration of America; cllits.

THE NEW TYPE 1800-B VACUUM-TUBE VOLT-

METER-STABLE AND ACCURATE

The TYPE t80Q-B is a precision \~ac­

uum Tube Yoltmet,cr dcsigned for a
",idc range of applications. It combines
the accuracy of a laboratory inst.rument
with t.he durability neecsBary for cvcry­
day laboratory and pl'odllrtion-linc lISC.

1ts accu racy is bctter than :::l::: 2% on
all a-c and d-c volt.age ranges, and its

completely shielded diode probe is de­
signed for use into the u-h-f range. 'rhe
design and construction of this instru­
ment insures that t,he high accuracy of
the new voltmeter will be sustained
throughout years of service. This im­
portant stability has been achieved
through three means: advanced circuit
design, thorough power supply regula­
tion, and the use of long-terrn-stablc
precision components.

Each increasingly higher \'oltage
range is obtained by an increase in de­
generation that decreases the sensitivity
of the d-c amplifier, rather than by use
of the conycntional "oltage di\'ider to
feed a constant-gain amplifier. As a re­
SUllo, the circuit is substantially inde­
pendent of drift in tuhe transconduct­
ance 011 all but Lhe 1.5- and O.5-volt
ranges, and even there a simple adjllst-

Figure 1. View of the Type 1800-8 Vocuum-Tube
Voltmeter. It is similar in appearonce 10 its pred­
ecessor, the Type 1800-A, but includes a panel

switch for d·c polarity selection.
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ment compensates for tube drift. On
a-c ranges maximum stability is in­
sured through the use of an internal
balancing djodc, a feature not often
found in voltmeters, but \yhich is essen­
tial to first-class performance. These re­
finements in circuit design coupled with
thorough, two-stage power supply regu­
lation, make the metel' independent of
line-voltage fluctuations. Once the zero
is set on the O.5-volt range, no further
adjustment is required 1'01' this or any
other range. The use of precision wire­
wound resistors insures that the ac­
curacy of the instrument, will be main­
tained indefinitely.

The TYPE 1800-13 is an extremely
versatile test instrument. In addition
to performing reliably all the normal
routine voltage measurements, many
fcaturcs not found in other instrurnents
have been included to make this vac­
uum-tube voltmeter suitable for tack­
ling especially difficult measurements.
The following list of features highlights
the remarkable versatility of the Type
1800-B:

1. Excellent high-frequency range
through use of a convenient diode
probe. VHF voltages may be accurately
measured v;ithout need of special ground­
ing devices, probe disassembly, or ex­
ternal capacitors.

2. Completely shielded probe affords
normal accuracy cvcn in the presence
of strong r-f fields.

3. Thoroughly shielded amplifier cir­
cuit and well-filtered probe eliminate
any possibility of II beats 11 in the meas­
urement o~ voltagcs at frcquencies Ileal'

po\\'er-line frequency 01' its harmonics.
4. The probe cap may be simply

bolted to the ground plane of the test
circuit, eliminating the possibilit..y of
error through ground lead inductance
and pickup from elect..romagnetic fields.

5. The probe may bc con"eniently

SEPTEMBER, ,.5. ~
plugged into standard U-inch jack-top
binding posts, and additional a-c ter­
minals are pro\'ided on the panel so
that test leads Inay bc used rather than
the probe, if so desired.

6..\ storage space is pro\'ided for the
probe under a hinged CO\'cr at the top
of the instrument.

7. A TYPE 874 coaxial fitting and 50­
ohm termination arc provided. These
permit the probe to he used on coaxial
lines.

8. High input impedanee ~ resistive
component 25 mcgohn1s at low fre­
qucncies. Opcn grid connection avail­
able for de provides input impedances
in the kilo-megohrn rangc.

9. Panel can be grounded "'ithout
grounding any of the input terminals.
This is an important safcty feature; it
allows a-c or d-c "oltages to be meas­
ured between two points l both aboye
d-c ground, without t.he panel becoming
"hot".

10. A polarity switch is provided for
d-c measuremcnts. This switch permits
either positive or negative voltages to
be read without the need of revereing;
the test leads.

11. An illuminated mcter scale elimi­
nates reading difficulties eaused by light
l'eAection from the rneter glass.

12. The meter's knife edge pointer
and mirror insure ease and precision of
rcading.

13. The carrying handle detcnts into
a right angle position so that thc instru­
men t panel may be su pported at the
most cOIH-enient anglc for easy reading.

The featurcs outlincd above are a fcw
of the items spcr·jfically engineered into
the Typ" 1800-13 to make it the 1110,t
convenient and useful Vacuum-Tube
roltmeter on the market. The specific-a­
tions shO\nl belo\\" detail the perform­
ance of this instrument.

~ C. .\. \\"OOO\\"AP.O, JH.
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J J} ftflJ ~,
CYCLES PER SECOND MEGACYCLES PER SECOND

Figure 2. Plot of frequency range for one-db error on three voltage ranges as
indicated; error is result of combined trgnsil-lime and resonance effects.

SPECIFICATIONS
Voltage Range: 0.1 to 150 volts, all, in six ranges
(0.5, 1.5, 5, 15,50, and 150 volts, full scale);
0.01 to 150 volts, dc, in six ranges (0.5, 1.5,
5, 15,50, and t50 volts, full scale).
Multipliers: Multipliers are available for increas­
ing the range to 1500 volts.
Accuracy: DC, =2% of full scale; AC, ::1::2% of
full scale for sinusoidal voltages, subject to
frequency correction (see curve). Because of
the change in resistance of the meter movement,
the sensitivity of the lowest two ranges changes
slightly with temperature and upon warming
up of the instrument. The total warm-up de­
crease in sensitivity is about 1% of the indicated
value on thc 1.5-volt range and 3 to 4% of the
indicated value on the 0.5-volt range. About
one-half of this drift occurs in the first hour.
The calibration is set to be corrcct after com­
plete warm-up.
Waveform Error: On the highcr a-c voltage
ranges, the instrument operates as a peak volt­
meter, calibrated to read r-m-s values of a sine
wave, or 0.707 of the peak value of a complex
wave. On distorted waveforms the percentnge
deviation of the reading from the r-m-s value
may be as large as the percentage of harmonics
present. On the lowest range the instrument
approaches r-m-s operation.
Frequency Error: At high frequencies, resonance
in the input circuit and transit-time effects in
the diode rectifier introduce errors in the
meter reading. Thc resonance effect causes the
meter to read high and is independent of the
applied voltage. The transit-time error is a
function of the applied voltage and causes the
meter to read low. The curves of Figure 2 show
the frequency range for I-db resultant error.
It will be noted that at low voltages the transit­
time and resonance effects tend to cancel,
while at higher voltages the error is almost en-

Type

tirely due to res::l/lancc. The resonant frequency
with cap on but plug removed is about 1050
Me. Correction curves are supplied.

At a frequency of about 15 cycles, the
meter indication begins to fluctuate as it tends
to follow the voltage change within each cycle.
Input Impedance: At low frequencies the equiva­
lent parallel resistance of the a-c input circuit
is 25 megohms. At higher frequencies this resist­
ance is reduced by losses in the shunt capaci­
tance. The equivalent parallel capacitance at
radio frequencies is 3.1 p.p.f with the probe eap
and plug removed. At audio frequencies this
eapacitance increases slightly. The probe cap
and plug add approximately 1.2 iJof.J.f.

On the d-c I'Ilnges two values of input resist­
ance are provided, 10 megohmJil and open grid.
Power Supply: 105 to 125 or (210 to 250) volts,
ac, 50 to 60 cycles. The instrument incorporates
a voltage regulator to compensate for supply
variations over this voltage range. The power
input is less than 25 waU-s.
Tube Complement:

2-9005 1-6SL7-GT
1-6SU7-GTY 1-6AT6
1-604 1-6X5-GT
1-3-4 2-991

Accessories Supplied: TYPE CAP-35 Power
Cord, spare fuses, TYPE 274 and TYPE 874 ter­
minations, and 50-ohm coaxial terminating
resistor for probe.
Mounting: Black-cmckle-finish aluminum panel
mounted in a shielded walnut cabinet. The
cable and probe are stored in the cabinet. The
carrying handle can be set as a convenient sup­
pOJ·t for the instrument when placed on a bench
with the panel tilted back.
Dimensions: (''lidth) 7%x (depth) 7.Y2 x (height)
U!/g inches, over-all. Net Weight: 13% pounds.

Code Word Price

1800-B Vocuum-Tube Voltmeter ..•.•.•.•.............•..•• DUCA'l' $415.00

U. S. Patent No. 2,548.457. Licenscd under patents of the Radio Corporation of Amcrica.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400
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A NEW TYPE OF VARIABLE DELAY LINE

""ith the illlrmhll'lioll of the lIew

dehL~' linc dc~('rihcd ill lhi;.; al'til'le. the
realizatioll of the cumplpLc line of Gen­
eral Hadio ('ompOllcllt~and instruments
for pulse work is brought olle step
nearer..\t Lhc prC:":iCllt time. complete
daLa arc anl.ilablc 011 ollly olle model.
the Type 31-l-S80, hut the design of ll.

complete :seric:; of nLriablc delay lilles
\yith maximum delays of IOC. 200..500.
and 1000 millimi(,],os{,{"olld~ and ('har­
actel'isj,i<: impcdutlccs of lOa, 200, ;jOO.
and 1000 ohms is no\\" \lnder \yay. Fa!' a
gi"Cll ma,ximuIn delay, OllO or morc

lilIes \rill be ofrerod Lo fulfill a ('ustom­
01":-; impedall('c 01' size l'cquil'f'mclltti.
The bUIH!\,'idths pC']" L111iL delay of t,he
larg(·'!' size ullits, ill l4elleral, \\'ill he
grcat.er I,hall thosc of Uw ~rnall units,

and oneh delay lillP \\'ill be df'sigllCd for
optimum t rall~i('''I, 1'C':-;pOll:se.

Figure L Puln gnd step re­
spgnse5 of 1-~5ec delgy, 500­
ohm, vorigble delgy lines. (a)
pulse input, (b) pulse out of
uncompensoted line, (e) pulse
out of skewed-winding line,
(d) step input, (e) step out of
uncompensoted line, (fl step
out of skewed-win::ling line.
Scope photos token on Tek­
tronix 541, 0.1 j.lsec!cm sweep.

Thc:sc ,",uiahle d('hL~' lille~ find gcn­
end applieat,ioll as wide-band phase­
::shifling dc\'j('('s and can be used abo as
compOllPllt:-; ill pulse and \'id('()-frc­

qUCJl(,y sj'st('ms~ sueh as t'omputf'rs.
ra.dar and h(,~lC'OII ::sy!-=tcm:-i. and '1'\"
cqu ipnwll t.: iII short. whrr('\,('r it is

desired to dela~' ~\ \"idc-hand sig;Ilf11
without illtrodu('illg pha:-3c disl.01't,ioll,
I t is pnl!)cl.bl(' that '-;OI1W parl,i('llla\'

impedull('(, \(>\'(,1.-; alld delay tinw:-: ",ill

bc mor(' ll:·wfltl than othprs. and ill­

quil'i(,,"'i from CllsLomcn; Hn' ill\'ited ('011­

('crllillg t Il('ir preferred ndllcs of delay,
impcdcl.ll(·c ;wd \)I-~Il("\'idt,h, (-'\'Pll though
t,h('~(' \'cdue,"i ma~r 1Iot 1)(' liHtpd abo\"(-~.

III mallY appli('at.iolUi, the mo:-:t im­
POl'tI-~llt al trihute of all pled,l'omag;llC'Lic

delay lilH' i:s a ~atisfa('tory t ral1:-;i<,tlt
rCHpolls(', ~ill('(' a ~ood t,nuIHi(,llt re­

sp01lse reslIl1 S f ronl the prop('r ('omhina-

(aJ (d)

(b) (e)

(f)
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Lioll of a c-on~tallt Lime dcla~' (lineal'
ph}I~(' ('hara<'teri:::itie) \\-ith an adpquatp
frr<jlH'lJ('y reSpOII:::iC, dcla~- lillP:-i pxhihit­
iug n'asollable Iwha\'ior with stPp or
short-pul;.)f' px('itatioll al'(' wmall~' ,\"plI
suih·d for othel' d('lay applieatioll:-i.

III the ('our~f' of the dr\"('lopnH"1I1 of
the ntriahlp dcla~' linC's drs('ril)('d hpl'('>,
a IlwLhod of allalysi:-; \\-as dp\"('loppd
which :-5hed:-5 light 011 sP\'C'ral prnppJ't,ips
of distrihIlLcJ-windin/!; dpla,v lIrj,\\'OI"ks,
ilH'l11dill/!; (1) thr \·<trial,ion of timp dplay
wit h fr('(lllclu'y alld (2) ('IHI (·t1"P(,t,s.

·Fu rUH'1' ill \'(':-i1 i~atioll ILlollj.?," t !l('S{' ."'amp
lil1(':-i ha:i alrcady If'd to :-5(lIl1P illtf'l'f'stillg
(IttI a 011 ]OSSPS ill d ist ri hll t C'd dplay lIC't­
\\'orks a.nd. it is hop('d, ma~' I('a.n to iU'­

('urat.e Ilwthods for t h(' ('a kula.l ion of
:-iu('h lo:-'sps.

Bp('<-LUSC of t}w pxp('ri(']H'e of thf'
(;('ll('ntl Hadio ('omp<lII~' ill ll1(' mallll­
fal'l III'(' of win'-\\'olllld r('sistors and Ill('

antilahilil.\· of ma(·hin{';-; alld ('om­
POIU·llls. il was possihl(' 10 fit Ill(' dp­

.'iiV;1l of the \'ariahlp dplay lilH' ill! 4) 11)('
:-:lame /1;l'lll'ral form as I,hat of a \\"irp­

\\'(Hlnd pol,cllt,iOll1rt,pl". \\'it,1l its olJ\·ioll:-l

ad\'antagps of ('OII\'PlliC'IH'(', small siz('.

and (·(·ollomy. !1C'llC'P 11l(' indud;-llH'c

('oil \n~.'i den:'lofJPd 011 a ('nrd-type man­

<In,1 for winding 011 our standard wind­
illg 1I1;-l('hillC':-'.

\\"IWll thC' fir;-;t exp(,l'inH'1l1al n~l'iHhl('

o('lay lilies of this I~'P(' \\"('re ('on-

I

1
,r~, I'
I ,

"
"I ,
"I ':I 1 II

I ,I II
I 11 II
I 1I II

)---J--.I~~-J--
,,/" ,.1"

WINDING FORM
SHOWING TWO
SKEWED TURNS

WIRE RADIUS: p

TOP VIEW

::>trul'led 011 polPHI ionWlel' forms \\'ilh
('opp('r wirr instead of resistan("(' \\'lrC'
and with lhp adoitioll of a sheet ('OPI1PI"­
foil ground (';-lpal'itall('c, thc pulse amlj

step re:-lpOll:-:f':-> of tlws(' lines (see Figure
1(h) and I (.) ) wer(' "cry disappoint ill~.

.\fler ll1u('h pXlwrimelltal and anal~·ti('al

work, tlw pn-'sPlll 1)10<1('1 "ariahlf' dphl~'

lillP has IWPII desigll('d with ske\\'pd
\\'il1dinj.!; for ('Ollsl,Hollt drl;-ty Ufo; a fund,inn

of frC'{ju('!l('Y. alld \\'it,h larNed f'ap:H'i­

1,;-\I1('C' :-;tl"ips to I"rdl]('C' mi~matTh ('au.'iNI

h.y C'lld elfeds. Thp l'C'sponscs ShOWll in
Figll],(' 1 ((') HII(1 I (f) 11 I'P ('hanu'trri1-iti(' of

thp !WrfOl'mHII('p of 1hrl"(' I1PW rlf'lay lillC'S,

The Delay Equalization Problem

Th(' most importn.llt fa,dor afff'l'tillg­

1h(' trallsiC'1l1 I'C'SPOIIS(' of a d('lay line is
almost ('prt.aillly the d('gr('c lo \\'hich the
drlay limp remains ('OnslaJlI as a fUIl('­
lioll of fl"('(llIrll('~'. This is anothpr \\'a.~'

of sa.yillj!; tha.t Ill(' ph£Lsr rrspOIl:-'f' of t.he
IIrl work sholild hp a. linear fU!l('tioli of

l

frp'!urlll'Y ..\ltllOugh lIet \\'ork;;; pro\"id­

ill,!!: ('OilS! alit I imp t!pla.\' ar(' l"P<Lsollahl.\'
"'pII known ill lumprd-('ir('uit t!wory
and pm('1.i('p.'·:! ]'plat,i\"rly little has

\){'PII rpalizrd ill 1hr drsi/!;ll of d(~l(],\"

l]Pj works using dil"t rihlllccl paramet.­
el's.:1.1 TI,C' prill('ip:ll (liHkulty ill til('

drsigll of dist rihlltf'<l-winding df'lay
lillPI" arisps from thp prC'!Scl:.\'C' of high,
posil i\'(', mlltua.l illdll('t£LIH'C' hel\\'C'f'1l
1h(' tums of a ('oi I t h;-'l.l has a reasonahle
(). TIll' mutual illd\ll·ta.IH·(' hetwC'('1I lhe
t\\·o l'('prpl'il'lItali\'(' tllrJI~ a.s t.Ilf'il' axial

I .\. II. Tllrlwr....-\n ilil·ia II illl's fur l'idt'o distribution amI
dl'l:\\"." f(C.I N,.ri,.,,.. \',,1. X. nn. 1. Pt). 177 189: J)f'('cm­
!x·r.·tH 1\1.
~ I':. I.. (;in7.t<Hl." H. 11""],'11 ..1. II . .JlIsb\lr~ ..1. 11, i'\()I'.
'tlh<lr"lml"d .\",p]ili'·llri"n.·· I'"".. l/(f-;. vol. :1(>. PI'.

%fi !1m: .luly. l!l4R
, 11. I,:. h:allm:.n, "1';'I':a\i~~'d dtlu,V lirws." I'ror. IU"-',
,'O!. .,.1. I'p.1\4l\ l\.ji: S,-,p1clilher. l!lIfi.
'J. 1'. BI"\\f't\ and J. II. Bnlwl, "\'idl'<) df'lay linf's."
Prrw. flU';. \"I'\' :';,1. 1'1'. ).;'l() I:,SI: Il""I'tTlbl'r. lllli.

Figure 2. Diagram of two turn$ on form of rec­
tangular cross section,
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Figure 4. Simplified equivolent circuit of a dis­
tributed-parameter delay line, in which each turn

is one section of (I ladder network.
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Jar turns in thc distributed winding has
becn accomplishcd by considerillg that
eaeh turn is long compared \\lith its
width (i.e. it is wound Oil a thin man­
drel). Th(--l ealculated effective illdue­
tallce \'ersus phase ehall,t!;e per turn of
~uch a constant-pitch di:;;trihuted-para.­
mrter delay linc for olle particular p;eo­
metrical arrangcment i~ shown as the
eurve of a eOIt\'cntiotlul-type winding,
8 = 0°, in Figlll'P ti. Since, in the sim­
pIc ladder net\\·ork of Figurc 4, the time
delay IS approximately 7',J = vL7',
it i~ apparent that Hatisfactory perform­
altce \\"ith l'cspe(·t to a constant-time
delay characteristic ('Ull be obtain cd \\'itl1
Ulis uncorrected delay line only for lO\y

values of dela.v or phase shift per tlll'll.
Some of the pre\'iously proposed

modifi('atiolls of thi:-; :-;imple distributed­
parameter deJa.v lille hH,\'e produced a
form of hridgcd-"\' Ilet\\'ork ciection by
tihe addition of longitudinal capacitance
bet\\"(~ell tur1ls.;;' l, 5 However, there are

13

E clLCULATED CURVE
~ 2f--~::~~~I o'EXPERIMENTAL POINTS

g L,1---
I

L

separation is increased is shown ltl

Figure 3a. Heeausc of the progrcssiyc
phase shift along the coilaI' a dist,rib­
uted delay line at a gin~ll frequency, it
is possible that two tUl'IlS haxing a fairly
large mutual coupling call carry cur­
rent,s which are not of the same phase.
'The phase shift thus pl'odu('cti a reduc­
tion ill the effective inducta.nce of the
coil a,s t"lC frequency is ill(·J'(~aHed.;l.-l

The Jenca:-:;c ill effccLi,'c illdtH·t~tll('e

results from the rcduttloll of til(-' ill­
phase ('ompollcllt of the CIII'J'Cllt ill a
gi"cll tum \\'it,h rcspr<'tJ t,o [!, n~f(']'(-'l)(,C

turll. Thus if a dist,rihuted-parumetcl'
dclay line is (,ollst!'l[('t,ed \Yit,h a ('011­
stant-pitch \yilldillp; m'('!' distributed
groulld ('HlnL('itall('e strips, the time
delay', 'I'u = vIJJ', deNcases as the
freqncll('y is ill(·reas(·'u. This problem is
ohviously not ell('(lIlllte!'ed in IUJnped­
paramet,(-'!, 11Pt\\'orKK sin('c tht'}'(-' is phase
shift ollly hetwcen spdion.--, and mutual
indu('tance !Jet weell the:-;e ;-;('('tions can
h(~ adjui'ited a.t \yilL [1., is instl'll('j,i\"(~ to
('ollsidpr tJw dist,rihuLcd-paI'ELmct,er de­
lay line as a ladJpr nct,\york (s('p Fi).!;lIl'c
-1) of ::;eries I, and shunt (' clcmcnts,
each (' heillg the ('apa('itall('p of tlw tum
to ground and ('Hch I., hping tihp ('jf('('ti\'c

inductance of only onc turn, taking intio
account mlltuals to all other turll~.

Cal('ulation of the dl'('din' illductanec
per tUI'll for a line made \\"ith redangu-

Figure 3. Curves showing vorigtion of mutual
inductante, M, between two rettangular turns os
(0) their axial separation, (3, is varied, and (b)
their displotement, d, is voried, (See Figure 2).

-1-1
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limitntion~ and some disa(h'antages to
these modifications, Patch-type com­
pensation causes a large \'ariatioll of the
impedanc'p which i~ lIswtll~" \yithin the
bandpass of the Iille, 1.11 addition,
adcquate (~ompctlsa.tioll by n1cans of
patchcs alone Calltlot be f1ppli(~d caRily
to low-impC'dHllec lilles, 'I'll(' lISC of
aluminum paint of high di('If'<'tl'i(' COIl­
stant is limitcd to e\'('11 hi~her-impc­

c1alll'e lines with relaLi\-pl~- 10\\' delays
pCI' tlllit length of ("oil. .\ din·('t solutioll
would prodl1('(' a more nc"lrl~' conRtant
clTc<'tivc ind\l<'tallce,

Skewed-Winding Delay Equalization

The dela~' cqualizatioll mdhod dc­
\'ised for t.hr ll('W C:etlf'l'al Harlio delay
lilies uscs :-:.kc\\'ed tUI'llS to provide a
mol'C' nearls cOllslant pl-Tetli \'e illcluc­
tall(:e of the c1istriblltf'd winding. r\S

Ca.ll he &'ell from Figure ,J, skewing the
turns of tlw winding produ('('!-) all effe1.'­
li\'e induC't...tlH'e \\-hich !'('maills lIea,!!'l,'"
('otlstani up 10 a critieal nl.luf' or phase
cha.nge pf'r 1um. III ('1-],('(,1. !;kE'\\-ing

olTers a. nc\\' meH,llH of ('ontrol o\"cr the
mut Llal 11ldlH,t,Hll('C hpt,\\'PCll IIII'll.'; of a.
dist,l'ihllt,ed willdill~ dC'lay litlC'. (S(··P

Fig;lIl'e 3h), ;':'in('p the dC'lay 'I'd = ,/LC
ill the ladd('l' network of Figure -1, the

deJa,\" can thus he made constant \\-ith­
out re:sortin~ to hridged-T ('in'uit mod­
ifkaliOlls, 'J'his simplification allows
com;trlldioll of delay-equalized lilies
\\"it,h distributed \\'indill~:-:' t,o \\"ork at
10\\- chara('LC'ristil' impedal ~'S \\-ithout
aU,olldant diHiNdtioR ill p;ct,titlg tho
large hridg;il1g" ('apacitors llcedpd at
slH'h \0\\' imp<,datwcs h~' the other
method of cCllializatioll, ,\nother acl­
nLlltagf' of a skcwed ('oil il'i that, a. higher
Q il'i obta.il1ed for a gi\"f'n illdLH'tance
and malldn·1 !'i7,(',

Sp\'pral forms of skc\\'cd \\"inding ha\-e
bcPtl lIsed C'xpC'rimcntally for delay
equa.lization, as shO\\-n ill FigurE' G. For
drlay lin('~ i'('quil'illg the' lise of skewing
for ('(lualizatiotl of delay, thc D-shapcd
turn 011 a flat mandrel ('Iud appeal's to
1)(' HlP mo:-:;t satisfactor.v, SitH'P it pro­
dll(,f'~ a smoot,h \\-indill~ of constant
(·hal'a.<'t.(,l'istic· impedancE'. \\'hich can
1I1<'1l hp ('ur\,C'd to fil 111<' hOll!;ing of a

st alidaI'd wirC'-\\-OlIlld potl"lliiomcter,

Design Features

Tlw llSP of sih'cr win' ill t.hp \\-illdillg
pl'o\'idps a rC'liahlp contH(,t, I')urface for

"\\'. ~. ('arley, '"l)iSlriblllt:<l-l"OIlSt:t1H /Ielay lines witl,
rl.ll.rIleteristie ill11>('(I"nres hij.!!ler Ihan:.ooo ohms," lifE
IUllt/'"ho" Ifrrord, purl .J, Cirruit Theory, pp. &tfl---fi.'7;
$cpt ember, I!HG,

"Or--------r--.~----,---,---~-- --~~--_.c

Figure 5. Curves
showing effect of
various skew angles
on the effective in­
ductance per turn
versus phase differ.

ence per turn,
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SIDE VIEW

characteristic impedance of the line and
maximum pon'N l.rallsfer is obtained

I . I . I . Z, dw 1en t 1e source Impe( ance IS - an
2

the load impedance Zoo For equal

input and output impedances of Zo,
2

series with the load. This method per­
mits po\\"cr transfer without the intro­
ductioll of reflctt ions.

If the load impedance is tapaciti\"(·.
as is the input of a tube. reflections can
be minimized by a half sec-tion of 1m\"­
pass filter tOllsi!-'ting of the tube input.
tapadtalH'c and an added inductor as
showll in Fip;ul'(-' Il'.

III somc ('a.:::(':-; t here may be un­
wanted "oltagc lo:-;s with the mcthod
of Figure 7b. 11 presents, hon'cver, all
catly method of ohLaining pO\\"er transfer
OI;"of mat('hing wd,hollt producing rc­
flections.

ean be connected Ina resistor of Zo
2

the movillg contact, independent of
,,"hether the brush if; l1lo\'cd frequently
or allowed to stay ill OIlC position. as it

j\\'ill be when the linc is used as a Berm\"­
dri"cl'-Sel unil. The I11m·jug contact is
made of pl'c('ious-mctal alloy 1 selected
to be tompatihlc \\-jth the sih"cl'-alloy
\nrc.

:.\Ianufa<:t.uring processes ha\'c been
sufficient Iy refilled :;0 that, the II base­
line ripple," caused by ntriat.ion of
charaeteristie impedallec along the de­
lay line, has been reduced to 5% or
les> of the signal amplitude. This fea­
ture alone is of considerable "alue in
computer and pulse-c'oding applica­
tions. End rcficctiolls han" heen mini­
mi;t,cd hy Ul(' usc of tapcl'pd ('apa('itallcc
elcmcnt~ at t he ends of the \\-inding.
keeping the impcclallee relati\"ely eOI1­
stant alld resulting ill a high degree of
frpedom from IIJl\nlllted Y:.tl'iatiotls or
reflect iows at points Ileal' the ends.
:.\laterials llsed for construction ha\'e
beel! splr('(,rc! so that reliable operation
is as~ur('d ('V{'II with \\"ide \'<:triations of

temp('1'<1,turc 01' humidity, and epoxy­
t~'I)(~ ('('mc'lll, is used to insure a penna­
]lent hond of all the parts.

Methods of Application

.\ tommon method of ohtaining vari­
ahle delay is ShO\\"1l ill Fi~lIrc la. TIow­
en:,r. this met.hod does not allm,' match­
ing of t,he input and outpuL. and in fact,
the impcdan('c of the output must
be much greater than Zoo Otherwise.
large reflections from the slider are sent
back to the source.

.\ reeommended circuit. is shown in
Figure 7b where the ~ourc'e is fed into
the slider. The 80U1'ee sees one-half the

TOP VIEW

NORMAL TO PLANE
OF TURN

--;/"';'<"-'---',.L7~---'f,I'-_U AXI5 OF COIL

COIL FORM

TURN OF WIRE

(o)SK(WED WINDING

r~- I?u( £; ,~!
___~. SlDEVEW

I Top vr£1vs so· ."
Ib)EOUIVAlENT TRAPEZOIDAL-TURN SKEWED WINDING

Figure 6. Diagrams shawing arrangement of
skewed windings an farms of rectangular cron d!C2

•
. ' ,r .';- (2-.. :r-7-.-_sectian; (a) rectangular turns, (b) equivalent .,'.' ,,'

trope:toidal turns, (c) equivolent D-shaped turns.

" ?) ''T"J
TOP VIEW

(cIEOUIVALENT D-SHAPED-TURNSKEWED WINDING
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(o)

(b)

(o)

(O)

These \'al'iable dcbl.~r lines ean also be
used as adjustahlc-Iength shorted trans­
mis:;ion lincs by shorting the slider to
gl'Oulld as in Figurc 7d, For example, if
a po:o:iiti\'c pulse is fcd into the linc, a
llegatiH\ pul~c \Yill be returncd, delayed
by twke lohe dehl.~ ..-tin1(' ::ietting.

Variable Delay line Specification

~JO::it enginccr::i who ha\'e used dela~r

line:') ill one form or ,L1lother are <1\\·"l.1'C

of lohe diflieulty with whi('h the ::ipe('i­
fieatioll of <1. delay line unit i::i aceur­
atel\" ::iCt dmnl. Part of thi:; dif-hclllt~·

aris~::i from the mult,jplic:it~· of U:5es for
\Yhith d('la~" lille:o:i ,Lre Heeded. For ex­
ample, ill son1e applitatiolls it ma~!

make lit.tle difTcrcllee \\'I1(-ther there is
o\'cl'shool 01' ringing in the output
signal along with the def'il'ed pulse.
1I0\Ye\·cl'. t.he engineer \\"ith thetic mod­
enHe requircments ('all almost cer­
tainly Ul')C 311 equindent highcr-quality
deby line \\'hieh exhihits no ringing or
o\·erl')hoot. In any ('<1.:-;0, he must kilo\\'
the impedancc Ic\'cl. m,Lximum delay
timc. and attclluation OJ' lo:-;s ill the line
ill order to judge its suitability fot' his
applieatioll.

The principal difficultie.'5 in the speci­
fication of \'al'iable delay lines ari:-:;e ill
the matters of phase distortion, attellu-

Z20 ~>- -,EE~z_o__ZOUT 1 Zo 1 Z LOAD

Figure 8, Oscillogram showing pulse shape and
pulse amplitude as delay setting is varied,. !ek­
Ironix 541 Oscilloscope, 53K/54K Pre-Amplifiers;
sweep, 0.1 p.sec/cm; time scale reads from right 10

left.

at.ion, and hallcl\\-idth. The o::3cilloseopc
phutugmphti of Figure I contain n1lH·h
of the information lIeteS8ary to speeify
these quant.ities. The response to short
pul:-c eXl'itation incliC',Ltcs pulse stretch­
ing or hand width, pulse dissymmetry or
phase di::itortioll , and pulRe amplitude
or attenuation.

The step re::;pollse 8ho\\':3 rise time or
band wid th. fi nal Ic\"cl or a.ttenuation,
and wayc shapc indil'ating phailc distor­
tion ..\11 s<,ope photographs must ha\'e
the time scale speeified, and the scope 1

should h~.l,\'e a muc·h faster rise time
than the delay line under test.

A type of oscilloscope photograph
which haH beon fOLlnd useful for :::imul­
ta-1l00US detcrmination of the pulse re­
sponse, impedall('c uniformitYI and end
effecLs is fihown ill Figure 8, These pho­
tographs w('re obtained by taking a
continuous exposure while the slider
was slmdy monxl from minimum to
maximum dela.~'. Slightly greater ex­
posure at any point rccorded the de­
layed pul,e at that, point.

The following information will bc
supplied for thc new General Radio
Dela\' T.ines.

1. vlmpcdanec. ZQ' and tolcrance (at
low and intermcdiate frequeneies).

2. D-C rcsistanee.

Figure 7. Methods of connection for a varioble
delay line.
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Figure 9. Type 314-586 Variable Delay line.
Zo = 200 ohms, maximum time delay, 0.5 ,ttsec

(saO millimicroseconds).

3..Maximum delay time and toler-
alice.

-i. Departure from eOtistullt time de­
lay at scycml frcquclleies .

.J. Fl'cqucll(,y I'PSpOllSe of amplitude
at several freqllcl]('ies.

6. Hillsc time for step input at maxi­
mum delay seUing.

7. Oscilloscope photographs (not
drawings) of w<L\'cfol'lm; of

a. Short pulse response at maximum
delay.

Figure 11. Time delay and amplitude versus fre­
quency with resistive termination as measured at
full delay on O.S-j.lsec, 200-ohm variable delay

line with skewed winding (See Figure 9).

'WI =t .. =-.Lh'
.:.0:: ~"=r t~~',11 I' ~.~"" '

"I--- ---+- . - IL~ I
I I III "Cl

o! - j I ~i<l--~"b
--fIlEQUErlC1-"c-_

OCTOBER, 1956

Figure 10. Photograph of skewed-turn delay-line
winding opened out to show ground capacitance

strips and D_shaped skewed turns.

b. Step re~poll~e at ma.ximum delay.
c. Envelopc of reHpOllSe t,O short

pu be over ell tire dplay ~pall.

Therc may be additional quantities
which ex1,end or supel'~f'dc Lhc quallti­
tie:; mentioned ahovp, hut unLil the
t.ime when the ~pe('ifi('atiotl of variable
df'lay lille ullit~ i~ furtlwr standardized)
the informatioJl listed ahove should
provide a reasonuble basis in choosing a
suitable delay lille.

Type 314-586 Variable Delay Line

The Type ell ~-S8G \.ariahle Delay
Line :;ho\Y1l ill Figurf' 9 i~ t,he type 011

which mueh of the development work
for these ncw lines \Vas clone. Flgure 10
is all exploded vif'\\" of the winding.
This delay line has a characteristic im­
pedallee of 200 ohms and a maximum
delay of 500 millimiero::icconds. The
timf' dplay and the amplitude rf'spOIlSC
versm; frequency E'~J'e showll in the ClIl'\"CS

of Fi~lIre II. The resultant pulse and
step responses are shown in the oscillo­
gram of Figure 12.

A pri mary reason for the develop­
ment of these new delay lines has been
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(a)

(b)

(c)

(d)

Figure 12. Pulse and step response of O.5·Msec, 200-ohm variable delay line with skewed winding;
(a) pulse input, (b) pulse output at O.5-Msec delay, (c) step input, (d) step output at 0.5-,usec delay.

Scope photos token on Tektronix 541, O.l-Msec/cm sweep.

the requirement of quality fixed and
variable delay lilies in our newcr typc
pulse equipment. ~ow t.hat manufac­
turing technique); allow quantity pro-

ductiOll, the~e variable delay lines can
be olTercd as a catalog item.

- F. D. L]<;WlS

- ROBERT nil. FHAZll~H.

SPECIFICATIONS
Characteristic Impedance: 200 ohms ± ]5% at
frequencies lip to '1.5 :VIc.
D-C Resistance: 1\oi over 20 chms.

Maximum Delay: 0.5 M~;e(' ± 10%
The following qllalllilipi'l refer 1,0 maximum de­
lay setting.
Delay vs. Frequency (with respect to delay ot 1
Mc): ± 1% up t.o 10 1\1e; ± 2% at 15 Me; ±

4% at. 20 M('; sce Figurc I!.

'/'ype

Amplitude Response vs. Frequency: Down 9%
(0.8 db) at dC'; down 20% (2 db) at 1 :VI(,; down
:30% (3 db) itt G :\ire; dowll GO% (8 db) at 10
M('; down \)0% (10 dL) at 25 :l\'lc; soc Figure II.
Pulse and Step Response: Sec Figure 12.
Dimensions: Dia.,;~ 716"; depth hehind panel,
] y-.!'; shaft dia., %". Knob is furnished.
Net Weight: 6 Oll!wes

Price

314-586 Vorioble Delay line 1 $60.00

SEE THE LATEST GENERAL RADIO INSTRUMENTS ON DISPLAY
AT THESE TECHNICAL CONFERENCES:

East Coast Conference on Aeronoutical and Navigational Electronics-Baltimore, October 31 and
November 1, at the Fifth Regiment Armory.

Symposium on Optics (lnd Mitrowaves-lisner Auditorium, George Washington University,
Washington D. C., November 15, 16, and 17.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES
NEW YORK OffiCE

BROAD AVENUE AT LINDEN

RIDGEfiELD, NEW JERSEY
TEL.-WOrth 4.2722

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2_3820

PHILADELPHIA OffiCE

1150 YORK ROAD

ABINGTON PENNSYLVANIA
TEL._HAncack 4_7419

SILVER SPRING, MARYLAND

8055 13th STREE1'
TEL._JUniper 5.1088

LOS ANGELES 38, CALIfORNIA

1000 NORTH SEWARD STREET

TEL._HOllywaad 9_6201
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MILITARIZED LINE VOLTAGE REGULATOR

,

•

•

supply regulator::;. For sueh appli­
cations, the s rvo-con trolled TYPE

1570-A Line Voltage Regulator 2 \\'ith
its advantages of high accuracy, no dis­
tortion large power ratino' hi,rh effi-, b' b

ciency, and excellent han ien t re­
sponse, ha hecome well e tabliHhed.

The importance of longer tube life
and increased circuit reliabilitv hu

•

created a demand for 8uch a re\1;ulator
built to military. peeification::;, In the
pa, t few year', the (;enerul Hadio
Company ha, dc, 'igned and built a
number of pecialized regulators for a
variety of military end-use applica­
tions. A new regulator (Figure 1), the
TYPE 1570-.\.LS I.') i::; no\\' offered,
which incorporates the best of the de-

,

,

At44 I NTH I SIS SUE

Figure I, View of the militarized voltage regulator.
Regulator unit is in the foreground, control unit

althe rear.

Page
VARIAC® H,cITINGH VK, DUTY CYCLE, 6
XE\\' Hr\L~:;S E:\(aXE~JR 7
Kim' lOHK OPPICE

:\IovES TO HroCIWll,LD, .

Where circuit reliahilit? is of prime
importanee, the need for adequat(' line­
voltage regulation has long been r('cog­
niz('(l. X ot only can \'acuum-lube life be
ext('nded by operation of the hcatf'l" at
a slightly reduced hut eoniStant yolt­
age,l but also performance can b(' im­
pro\'ed by eliminating large plate-
upply \'ariations, In man~' applica­

tiomi, proper po\\'er- uppl~r desio'n and
the u.-e of a line-voltage regulator call
eliminate the need for ineffici('nt, und
often 1<'8s-rel iable, series-tu be plate-
I\\". S. Bowie, "The EITeets of nen tel' Cyrlin!( "nd ITen ter
Voltage'," 1.956 1. R. E. Coul'{!nfioll Necord. Pllrt 0.
'M. C. lloltje, "An Acc\II"nte, High-Speed. ,-\lItomatic
Line-"olt8~e Regulator. '1 General I?adio E.rperimenter,
Vol. 29, No.2, ,Jllly, 19.;4.
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sign and performance feature of these
special units. In addition to the ob­
vious military emironmental require­
ments of hock, vibration temperature,
humidity, etc., the unit is designed
"'ith particular emphasi on fiexibility,
ease of maintenance, r liability, and
10n<T life.

Ba 'i 'ally, the regulator (Figure 2)
consist of a Variac® autotran former
that adju t the output voltage, a
"buck-or-boo t" step-down trans­
former that effectively multipli s the
power rating of the Variac, and a servo­
mechan ism that posi tions the Variac.
The "buck-or-boo 't" circuit, which is
often u 'ed for manual line-voltage cor­
rection, is shown at the left of Figure 2.

For Oexibility and ease of mainte­
nance, this 6-kva regulator ha been
built in two units (Figure 1). The
larger unit contains a special motor­
driven Yariac and a hermetically sealed
"bu k-or-boost" tran former. The
smaller unit contains the electronic cir­
cuitry for sampling the output voltage
and controlling the two-phase servo
motor on the Variac to maintain the
output voltage constant \\'ell \"ithin
0.25%. Thus, with different combina­
tion of Variacs and "buck-or-boo t"
tran former, regulators of different
ratings can be assembled using the

same ele tronic control circuit. This not
only provide design flexibility, but also
simplifie sen'ice problem, ince only
one type of control circuit, interchange­
able for all regulator, i required.
Furthermore, "'hen service of the elec­
tronic circuitry i required, only the
small control unit need be removed.
The larger unit ",ith all it po\\'er "'iring
can stay in sen'ice upplying Ulunter­
rupted (but ull1'egulated) pO\\'er, \"hile
the control unit is being replaced or re­
paired. lVlanual control of output volt­
age is possible during these interval by
means of the Yariac dial on the front
panel.

Ease of maintenance wa a prime
coni:lideration in the original design of
this regulator. Tube can be replaced
\\'ithout the remo\'al of any covers
other than tube hields. Removal of a
single dust co\'er (Figure 3) exposes all
other components. Component ",iring
is accomplished ,,'ith an etched circuit
to provide a high degree of unifornuty
bet\\'een unit. Each component is
marked ,,'ith it ma<Tnitude and rating
and i identified by a component num­
ber permanently etched on the mount­
ing board. The removal of the bottom
cover plate (Figure 4) expo es all etched
wiring. The complete circuit diagram is
silk screened on the in ide of this plate.

Figure 2. Functional diagram of the regulator, showing the buck-or-boost circuit.

REGULATED
OUTPUT

STEP-oOWN
TRANSFORMER

0---_._-_.0 lr-------------<?---------o
UNREGULATEO

INPUT

•

,----
,~~,

TWO-PHASE
MOTOR

VARIAC
AUTOTRANSFORMER

CONTROL
UNIT
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For protection against the effects of
moisture and fungus growths, the
etched board is sealed with a fungu ­
resistant ,'amish,

Reliability and long life have been
assured by con ervative rati ngs and the
use of the be t materials and com­
ponents in simple circuits that ha\'c
proved reliable in long field experienec,

Figure 5 is an elementary circuit dia­
gram of the control unit..\. d-c voltage
proportional to the a\'eragc ampli tude
of the a-c output voltage is produced by
a full-\\'a\'e silicon rectifier ,,'i th a re i '­
tive load. The magnitude of the load
resistancc is cho en to minimize th ef­
fect of temperature, and the change in
the average value of the rectifier output
is Ie s than 0.1 % for temperatures up to
135°F (75°0). A ripple filter i in­
cluded, which pro\'ides infinite rejection
at the 120-cycle ripple frcquency and
has negligible phase shift below 5
cycles per second.

The filtered voltage, which is propor­
tional to the a-c output voltage, is com­
pared ,,'ith a standard voltage from a
5651WA voltage reference tube to ob­
tain a difference, or error, voltage. For
maximum stability, a OA2WA regula­
tor tu be is used to provide constant
current to the reference tube, These
tube' ,,'ere devcloped for military use
where a voltage reference free from the
u ual \'oltage jump wa' required.

The error voltage is amplified by a
differential amplifier (Figure 5) which
uses 5751 tubes operating yet':" C011­

servatively, at constant heatcr \'oltage
(the unit operates on its own regulated
output), to gi\'e the longe t possible
life. ~\.ppropriatc lead and lag network
are u ed for optimum regulator per­
formance. This amplified error voltage
i' applied in push pull to a thyratron
(2021WA) motor-control circui t. The
thyratrons are provided with a 60-cycle
bia voltage at a 90° pha e angle with
respect to the a-c plate voltage, The
amplified d-c error \'oltage 'uperim­
posed on this a-c bias voltage smoothly
changes the thyratron firing angle from
near 0° to 180°.

A two-phase motor i supplied with
60-cycle power from the pO\\'er line
through the thyratron control circuit.
Through changes in their firing angles,
the thyratrons control the relative
pha e angle between the motor-winding
voltages. Their distorted output volt­
age are filtered with resonant circuits,
and applied to the motor \\'indings. As
the thyratron firing angle change from
0° to 180°, the angle between the
motor voltages changes continuously
from approximately +90° to -90°. At
balance, full voltage is applied to both
motor \\'inding at a zero-degree pha e
angle. The resultant dynamic braking
imprO\'e the transien t respon e.

I
•

•

Figure 3. View of Ihe
lop of Ihe conlrol
unit with dust cover
removed, showing
component identifi­
cation. Tubes are re­
placeable wilhout re­
moval of dust cover.
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,

•

Figure 4. View of the
bottom of the control
unit with dust cover
removed, 5 hawing
the etched circuit
and circuit diagram.

For maximum versatility, a switch is
provided inside the control unit for 50­
cycle operation of the regulator. [n the
50-cycle switch position, the range of
operation i 45 to 55 c; in th 60-cycle
po 'ition, it is 55 to 65 c. Spar is also
provided for the installation of a sepa­
rate output-voltage- 'ampling trans­
former to permi t control of 400-cyo1e
power, although 50- or 60-cycle power
must be available to operate the control
unit.

The motor-dri ven Variac is a pecial
ball-bearing model similar in de 'ign to
the new motor-dri \'en "\Y" type re­
cently announred.a ~\.front-paneldial on

3 "l\[otor Drives for\V-Series Variacs m." General Radio
Experimenter, Yol. 31, No.2, Augu t, 19JG.

the Variac shaft indicates the input line
vol tage. This dial also indicate the re-
erve working range of the regulator

and permit manual adj ustment in ca e
of a control-unit failure. An additional
carbon brush to make contact with the
radiator in place of the usual metal
take-off ring minimizes friction and
gives long life in a service demanding
continual m.otion of the Variac brush.

The Variac motor is a two-phase in­
duction motor. Long trouble-free life
has been assured by the u e of a thyra­
tron motor control circuit rather than
relays \yith their contact main tenance
problem. Thi circuit also results in a
superior proportional-type control
rather than the u ual on-off control.

Figure S. Elementary circuit diagram of the control unit. To preserve simplicity, the lead and lag net­
works and the thyratron bias circuits are not shown.

MOTOR CONTROL
THYRATRON

8+ .------1---------,

..
190~ AC e

t---Q 0 • ~

~

•

~ERROR
"':" SIGNAL~

GAIN

\ :tJ
REF t-Wv--'

VOLTJJGE•

RECTIFIER
OUTPUT IIOt..TAG£

:-IiOM REGULATOR
OlJTPUr

=
~

MDTOR CONTlroL
THYRATRON
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The motor windings are completely cn­
capsulatcd to prevent deterioration
from moisture 01' fungu' gro\\,ths, and
the output haft is stainles 'teel to
resist corrosion,

A the bru h moves acros. the \'ariac
winding, it is in contact with more than
one turn at a time, thus pro\'iding a
commutating action and, therefore, a
smooth change in output voltage. While
this com mutating action i necessary
for the normal operation of the Yariac,
the. horting action of the brush cau es
current surges which can bc detected a
small radio-frequency noises on the
power Ii ne. ~-\] though, inmost appl ica­
tions, this noise is completely in 'ig­
nificant, a noise-reducing filter i pro­
vided and is mounted on the Yariac
terminal board, Further noise reduction
is provided by fi ve th rough-pa s ca­
pacitors located on the main terminal
board at the rear of the regulator, which
by-pass the Yariac connection at the
"buck-or-boo t" transformer and the
input and output connection to the
regulator. Thi filtering i adequate to
meet cri tical mili tary interference spcci­
fication .

To pro\'idc adequate strcngth for
military shock and vibration require­
mcnts, thc regulator unit i. built on a
scven-inch, r-shaped, extruded-alumi­
num channel. The malleI' control unit
mounts on a 3 /If aluminum paneL Both
units will \yith tand the. tandard 1200­
ft-Ib shock test, and they show no
significant mechanical resonance up to
55 c?c!es per second.

The regulator is designed to meet or
to exceed the general requirements of
l\1IL-E-4.15 A. It will opcrate at full
load over the ambient tempcrature
range from - 29°0 to +52°0 (- 20° to

Figure 6. View of a three-phase, 18 KVA assembly
of General Radio militarized regulators as used
by Raytheon Manufacturing Company to provide

constant line voltage for radar stations.

+125°F) and for non-operating stor­
age from -54°0 to +54°0 (-65° to
+130°F). With pecial motor lubri­
cants opcration is po sible at far ]o\\'er
temperature. Higher-temp rature op­
eration i possible at lower po\\'er rating
01' with restricted duty cyc! . Opera­
tion is possible with relative humidity
up to 100 pcrcent, including condensa­
tion cau cd by temperature changes.

While the e military specification
are generally more severe than tho e
encountered in most industrial applica­
tions, the increased reliability and ea e
of maintenance may often justif.v the
use of the militarized regulator in
critical industrial application. This i
particularly true for application at
high ambien t temperatures or for port­
able installation where mechanical
shock or vibration is encountered.

- M. O. HOLTJE
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SPECIFICATIONS

* Instnllllents are shipped CUnnCl'leU for :::1:::10% range
unless 20% I'tlnl(e i speciHed in order.
t Slightly 1('88 for '"cry slIwll voltage corrections.

Input Voltage Range: The desired output voltage
will he maintained if the input voltage docs not
vary by more than ± 10% from this value of
output voltage. A ±20% range connection is
also available.

Output Voltage: Adjustablc over a range of
"'=10% from a base value of 115 volts hy mean
of a screly-driver adjustment on panel.

. _. -

Input voltage as 9070 80%
a percen tage of to to
output voltagc' 110 0 120%-
Output ('IUTcnt
ampercs 50 25

KVA 6 3
Accumry in %
of output voltage 0.25% 0.5%
Spccd of Rcsponse
volts pel' sec-ond'i' 10 20

Ambient Temperature: Full ratings apply up to
55°C.

,

Control
Unit

Regulator
Unit

Mountings: Relay Rack.

Dimensions:

Frequency: From 55 to 65 cyrles 01' from 45 to
55 C'yrles, as selerted b.l· a sllitch.

Power Consumption: ~o Load :{5 watts
Full Load J00 watts

Accessories Supplied: Spare fuses.

Waveform Error: The average value of the output
voltage i held constant, and a d-c power upply
with re i tive load operated from the output
of the regulator will givc con tant output volt­
age regardless of tIl(' harmonic distortion prcscnt
in the powcr line. The rms output voltage will
also remain constant, regarclless of the har­
monic distortion present, as long as the phase
and amplitude of these harmonics arc constant.
If the harmonic contcnt changes, the rms valuc
will change hy an amount less than t:J.RIn, lI'here
:"R is the change iu the harmonic amplitude
and n is the harmonic- number.

115 /I' aminal
;tdj/I~table

±10%
Qutp /I t l'oltage

Tube Complement: 2-5751, I-565l \\-A, I-OA2\VA,
2-2D2IWA

Waveform Distortion: None.

Height .
Width .
Weight. .

7 in.
Hl in.
50 lb.

3Yz in.
19 in.
I3~ lb.

Type Code IVol'd Price

1570-AlS 15 Automatic Voltage Regulator ' .1
Quantity prices on l·equest.

CLOTH $625.00

YARIAC® RATINGS YS. DUTY CYCLE

900 f--t--t\--t-t--t---t--t-++---t-+++-++-'-+---1

One of the important advantages of
Variac® autotransformers with Dura­
trak contact surface is their ability to
operate under short-period overloads
without damage. For short-time opera­
tion, rated current can be multiplied by
a factor that varies between 1 and 10,
depending upon the time that the load

Figure 1. For short-time overloads, the normal
Variac current may be exceeded as shown in this

curve.

is applied, as shown in Figure 1. The
same properties that prevent deteriora­
tion under these high overloads also
permit substantial increase in rating
for intermittent operation, \I'ith the
magnitude of the increase depending
upon the duty-cycle ratio. If the total
number of duty cycles comprise only a
relatively short operating period, the
current can be further increased to that
determined by the short-ti me rating
factor shown in Figure 1.

If duty-cycle ratio is defined as the
ratio of off-plu -on time to on time, the
Variac rated current may be multiplied

10,0:::01,00012&10 100

TIME IN MINUTES

0.1

800 1--+-----1--1 -+--+-+-+--1--+-+--+-I--+--+-+---+~

'"z 700 I-t---t- rl------I---l--+-t-t---l-+----H-+-+-----+-1
>-

'"ll:600f--t---t-Mt-+---t--t-++---t-+++--L-+-+---1

~ =f--ltlt\ttl1f;~iti*tt-L-1t-ti_ I \ 1_r-!/14~ R.~
~ 400H -;- -f- 112~-133'!. -HI---H
- 1"1 I I ,
;; 300 I---JI- -+--I I---'},. ;, n ~++-_---i---1

2OOt~t=!~t~Lll-j1"::)j1trtt1+:~1~4jH]ou~Rs-~'00~~j.
100

I I
o '--''--.l--'--'---'-.l--'---'--'-.L-...L.-'--'-...L...L._-L..J
.01
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by the square root of this ratio. The
following exampIes ,,,ill illustrate the
calculation of permissible overload for
the TYP1~ \V5 "ariac, ,,,hose rated cur­
rent is 6 amperes.

Example 1
Duty cycle: 15 seconds on, out of

every 4 minutes (240 ·econds).

V duty cycle ratio = ~~:O = 4

Up-rated current = 6 x 4 = 2-1
amperes.

V5-second short-time o\'erload
(Figure 1 = 500% = 30 amperes. Since
thiH i.. grl.o<1ier than that c'alc'ulated from
the d II ty-cycle ratio, the latter con­
trols, and the permissible current is 24
am peres.

Example 2
Duty cycle: 30 seconds on, 8

minutes off.

- GILBEHT SMILEY

Short-time rating (Figure 1) for
30 minutes = 1:33%

"Cp-rated C'UlTent = 6 x 3.16 x 1.3
= 24.6 ampere.

6-second short-time overload (Fig­
ure 1) = 725 c,0 = 42.7 amperes.

Permissible current is 24.6 am­
peres.

60 = 3.16
6

vdutv-cvclc ratio =
• •

"'Gp-rated curren t = 4.2 x 6 = 25.2
amperes.

30-second short-ti me overload
(Figure 1) = :380 G0 = 22.8. This figure,
being 10ll'er than that calculated from
the duty-c.vC'le ratio. is the limiting
\·alue. and thNefore, the permissible
current i>i 22. ampere.

Example :3
Dut.v c~'c'le: 6 e ond on each

minute, rrpeated for one-half hour,
maXlmUIll.

510 = 4.2
30

Vduty-cycle ratio =

NEW SALES ENGINEERS
LOS ANGELES

AIan O. Abel has been transferred to the Los
Angeles Office of the General Radio Compan\'.
~Jr. Abel, a R.I:;. from Purdue University in
Elertrical Engineering and an ~J.B.A. from the
Harvard Graduate School of Busine s Ad­
ministration, ha been a Sales Engineer at the
Cambridge Office for the past two years.

Fran k J. Thoma, of Los Angeles, has joi ned
the skdT of the Los Angeles Office as a Bales En­
gineer. l\Ir. Thoma holds a B.S. degree in

Electrical Engineering from the University of
Illinois. He was previously a sociated with the
Hangamo Electric Company and later 'v;tb
Edward •'. Hievers a a Hales Engineer for
Weston instruments.

PHILADELPHIA

John E. Snook, wbo joined tbe Hales Engin­
eering staff at Cambridge in 1955, bas been
transferred to tbe Philadelphia (Abington,
Pennsylvania) Office. Mr. 'nook received his

ALAN O. ABEL FRANK J. THOMA JOHN E. SNOOK JOHN C. HELD

/
I

•..
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B.S. in Electrical Engineering from Pcnn ylvan­
ia. Sta.te University in 1950, and for the suc­
ceeding five years, was ,,;th H~'lvania Electric
Products at Williamsport, Pennsylvania.

WASHINGTON
John C, Held joined the tafT of the \Yashin"-

ton (Hilvcr Spring, :\faryland) Office on l\ra~r l.
Mr. Held, a graduate of George Washington

niversity, \\'as for five years an engineer at the
X:wal Research Laboratory and for the past
year and a half has be{'n a manufacturers'
representative in the Washington area.

NEW YORK OFFICE MOVES TO RIDGEFIELD
The :\leLropolitan Xc\\" York Office of the

General H..'l.dio Company is now located at

BIWAIl A"E:\TE AT LISDES
RII)(:I'IELD, XEW JEH EY

Telephone servi('e include both Xew York
City and local numbers:

Fram Xew }'ark: \\'Orlh 4-2/22
From .Yew Jersey: \rHitll{'Y :3-:3140

The ne,,' offi("{' is slatTed by the samc capable
General Radio cngillc{'rs that operated our
former West I-;tn'('t OHice, George G. Ross and
C. \Tilliam Harrison, who can suppl~r technical
and commercial informalion on all General
Radio products.

TlJ E Geneml Radio EXPEIUMENTER is nwiled without charge each
,noli til to engineers, scientists, tech nirians, (/Ild others ill tere ted

in electronic tech niques in rneasure,nent. Trl ll€lI sell ding requesls for
subscriptions and (/(:ldress-change notices, please supply the follOldng
infornwtion: nCllne, cOinpany address, type of business cOInpany is engaged
in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS

TELEPHONE: TRowbridge 6·4400

BRANCH ENGINEERING OFFICES
WASHINGTON OFFICE

80SS 13th STREE1'
SILVER SPRING, MARYLAND

TEL.-JUniper S-1088

CHICAGO S, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2-3820

PHI LAD E L PHI A 0 F F I CE
l1S0 YORK ROAD

A81NGTON PENNSYLVANIA
TEL.-HAncock 4-7419

LOS ANGELES 38, CALIFORNIA

1000 NORTH SEWARD STREET
TEL.-HOllywood 9-6201

NEW YORK OFFICE
BROAD AVENUE AT LINDEN
RIDGEFIELD, NEW JERSEY

TEL.-N Y, WOrth 4-2722

N J, W Hit n e y 3 - 3 1 40

REPAIR SERVICES
WEST COAST

WESTE RN INSTR UM ENT CO.
126 NORTH VICTORIA BOULEVARD

BURBANK, CALIFORNIA
TEL.-Victoria 9-3013

CANADA

BAYLY ENGINEERING, LTD.
FIRST STREET

AJAX, ONTARIO
TEL.-Toronto EMpire 8-6866

-

,ttlNTco
IN

u .....

. .
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Testing encapsulated
R-C networks for
frequency response
af Philco Corpora­
tion. This test used
the General Radio
Sweep Drive and
Beat-Frequency Gen­
erator (left fore­
ground) to present
the over_all fre­
quency characteristic
an a calhode-ray as­
cilloscope. The lines
drawn on the face
of the oscilloscope
indicate the test

limits.



3

RESPONSE

OF

PEAK VOLTMETERS

TO

RANDOM NOISE

Random-noise signals are used in a
great variety of electrical, acoustical,
and vibrational tests.' In these appli­
cations a measure of the amplitude of
the random-noise signal is usually nec­
essary. Voltmeters with either r-m-s or
average response are the most satisfac­
tory types for this measurement, and
it has been assumed that peak-respond­
ing voltmeters could not be used, be­
cause the observed results could not
easily be related to those obtained with
the other types.

The popular peak-responding volt­
meters, such as the General Radio
TYPES 1800' and 1803' can, however,
measure random noise satisfactorily.
To show this, some of the important
characteristics of random noise and of
peak voltmeters will be considered, and
comparisons will be made of predicted
and actual performance.

Q,,--------,'""----r-'

o.,1;;o~-.~,.\;---"."'''-no--'''o;_..,.;n'':::O~..
\NSTtoNT4..~EOUS /110I$£ VOLUGoE IN TERMS OF INol-S VOI..JAGE
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Figure 1. Oscillograms of three different samples
of the output voltage from the Type 1390-A
Random-Noise Generator. Sweep speeds ore in
the ratios 1:4:20, top to bottom. A single sweep
was used for each oscillogram.

CHARACTERISTICS OF RANDOM
NOISE

A random-noise signal is, in some
respects.. a difficult one to measure,
because it is characterized by random­
ness rather than regularity, as shown
in Figure 1. Consequently, noise is or­
dinarily described by statistical means,
and a random noise can be defined as
a noise that has a normal distribution
of amplitudes. This concept is illus­
trated graphicaIJy by the curve of Fig­
ure 2. The probability that a voltage
between any two limits will be observed
is given by the area under the normal
curve between those two limits. Ex­
pressed in other terms, if the output

IArnold Petef1l0n, "A Generator of Electrical Noise",
General Radio Experimenter, f6, 7, December 1951;
pp. 1-9.
Ie. A. Woodward, Jr., "The New Type 18OQ..B Vacuum­
Tube Voltmeter", General Radio Experimenter, 51, 4,
September 1956; pp. 10-12.
a C. A. Woodward, Jr., "The Type 1803-B Vacuum-Tube
Voltmeter", General Radio Experimenter, £9, 10, March
1955: pp. 5-8.

Figure 2. NormCllI distribution curve of ClI truly
rClindom noise.
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~"~LE ro ,.",,"""TU8E VOLTMETER

TO Q.-C YAOJUM
TUBE VOI.TMET£/I

Figure 3. Elementary circuit of D pook-responding
diode rectifier.

voltage is observed over long periods
of time, the fraction of the total time
the voltage is between the two voltage
limits is given by the corresponding
area under the probability curve. For
example, the instantaneous voltage
will be greater than the r-m-s value in
the positive direction about 16% of
the time. Similarly, it will be greater
than two times the r-m-s value in the
positive direction about 2.3% of the
time. In these two examples, the upper
voltage limit was taken as infinity.
Katurally, in an electronic system, the
usual limitations of amplifiers upset
this idealized distribution. In particu­
lar, the maximum instantaneous volt­
age that is obtainable is limited, and
some dissymmetry is often introduced,
so that the noise is not strictly random.
Furthermore, the noise source itself
may have similar limitations. But, in
general, noise does not have a weU­
defined peak mlue, so that the usual
simplified concept of the operation of
a peak voltmeter cannot be applied to
the measurement of noise.

BASIC CIRCUIT OF THE PEAK
VOLTMETER

The widcly used peak-type volt­
meter ordinarily consists of three ele­
ments: a diode rectifier, a capacitor,
and a d-c voltmeter ~ystemJ as illus­
trated in Figure 3. The diode makes it
po ible for the capacitor to acquire a
d-c charge when an a-c voltage is ap­
plied to the circuit, and the d-c volt­
meter indicates the resulting voltage
across the capacitor. In this circuit, the

Figure 4. PrClctical farm of the circuit of Figure 3.

resistance Rc represents the total charg­
ing resistance, which includes the ef­
fective resistance of the rectifier when
it is conducting and the resistance of
the source. The resistance RD is that
tending to discharge the capacitor C.
The capacitor is charged when the
voltage at the input is in such a direc­
tion and of such a magnitude that the
diode conducts. The net voltage avail­
able for supplying charge to the capac­
itor is reduced as the capacitor voltage
increases; and, finally, when the volt­
age across the capacitor is sufficiently
high, no further increase in the voltage
across the capacitor occurs. At this
point, the charge supplied to the ca­
pacitor during the voltage peaks must,
on the average, equal the charge that
leaks off. How closely the voltage across
the capacitor approaches the peak
value of the applied wave is dependent
upon the charging resistance and the
discharging resistance.

A more practical form of circuit de­
veloped by Tuttle 4 for a peak-reading
voltmeter is that shown in Figure 4.
As far as the peak-reading character­
istics of this circuit are concerned, the
analysis is essentially the same as for
the simpler circuit. Here, the effective
charging resistance is that of the diode,
the source, and any other series resis­
tor, for example, that shown as R,. The
discharge resistance is the parallel com­
bination of the shunt resistor R, and
the back resistance of the diode, all in
serjes with the resistance RI . The series
resistance has a further effect on the
actual d-c voltage supplied to the d-c



5

voltmeter, but this effect is taken care
of in the calibration of the voltmeter
by a sine-wave signal.

CALCULATION OF RESPONSE

In order to calculate the response of
these peak-type voltmeters to any
input wave, certain simplifying as­
sumptions are usually made. For input
voltage above a few volts it is a umed

DECEMBER, 1956 ~

calculated on the basis of the above as­
sumptions, ~, 6 hut no correct numerical
values appear to have been published.
The results published previously are
shown in Figure 5. These differ by such
large factors that one wonders which is
correct. Strangely, neither of them is.
Beranek' analyzed the problem cor­
rectly on the basis of the procedure
given above and obtained the equation

~ W. N. Tuttle, "The Type 726-..\ Va.cuum~Tube Volt­
meter", General Radio Experimenter, 11, 12, May. 1937;
pp. 1-6.
h L. L. Beranek, "AooUJItie Measurements," John Wiley &
Sons, N. Y., 1949. pp. 475-479.
• B. M. Oliver, "Some Effects of Wa.veform on VTVM
Readinp", Hewktt·Packard Journal, 6, 10, June 1955.
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where Eb is the average voltage across
the capacitor C, E is the instantaneous
value of the input voltage, PtE) is
the probability distribution of the in­
stantaneous amplitudes of the input
wave, Rc is the total resistance through
which the capacitor is charged, and
RD is the total resistance through
which the capacitor discharges. He
also assumed that the reactance of the
capacitor was small compared to Rc
and RD for all frequencies of the input
wave. Errors apparently occurred in

•• ''-~

I •. +
~ •. 17
" 4~> ~; 2;' r

Figure 6. Response of peak voltmeter to random
noise. Curve is calculated, points are experimental

data.

figure s. Previously published data of the
response of a peak voltmeter to random noise
(upper curve, reference (5); lower curve,

reference (6).

that the rectifier is a perfect switch but
with constant forward resistance and
constant reverse resistance. It is also
assumed that the discharge time is
very long compared to the period of
the applied wave. On the basis of these
assumptions, the response for a sine­
wave signal can be readily calculated,
and this response is ordinarily used as
the basis for the calibration of the
meter. The calibration is usually made
experimentally in terms of the r-m-s
value of the applied sine wave. This
type of calibration will be assumed for
the subsequent discussion of response
to random noise.

The response to random noise has been
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Figure 7. Experimental data for Figure 6, showing
spread between positive and negative halves of

wave.

the calculation 5, however, and the
published curves are not correct. The
other analysis 6 involved two impor­
tant simplifying assumptions beyond
those alrcady stated. The first was the
assumption that the voltage developed
across the capacitor did not affect the
charging current, and the second was
that, for a sine wave, the indicated
voltage was equal to the peak value.
The first assumption makes the analysis
incorrect for large values of the ratio
of discharge and charge resistances,
and the second makes the analysis in­
correct for small values of this ratio.

This problem was reviewed some
time ago, and new data were calcu­
lated from Beranek's formula. These
are shown in Figure 6 as the solid
curve. Also on this curve are plotted a
number of points which show the re­
sults of an experimental test in which
the TYPE 1800 Vacuum-Tube Volt­
meter was used to measure the output
of the TYPE 1390-A Random Noise
Generator at a noise level of 3 volts
r-m-s. In order to obtain the series of
points shown on the figure, resistors
ranging in value from 10,000 to 100,000
ohms were put in series with the high
terminal of the probe of the voltmeter.
Various resistors were also put in
parallel with the 125-megohm resistor

shunting the diode. For each point, the
reading was calibrated in terms of the
f-ffi-S value of a sine wave to give the
same reading obtained for the noise.
The data are plotted as a function of
the ratio of the discharge to the charge
resistance. It is seen from this figure
that the observed values agree very
well with the theoretically calculated
curve. At low values of the ratio the
response is similar to that of an average
meter, and, as the ratio increases, the
response increases gradually. Much of
the departure of the observed points
from the calculated curve can be ac­
counted for by the resistance of the
diode, which was neglected in the cal­
culation of RDIRc for the experimen­
tally observed points.

DISSYMMETRY OF NOISE WAVE
The actual noise wave measured was

somewhat dissymmetrical, and this
characteristic is a common one for
noise signals. The dissymmetry is not
indicated on the usual r-m-s or average­
type meter, but it is observable on a
cathode-ray oscillograph display of the
wave. It can be measured on the peak­
type voltmeter by noting the indication
for both the positive and negative
halves of the wave, and the results of
these two sets of measurements are
shown in Figure 7. When the voltmeter
is operating as a good peak voltmeter,
that is, with a discharge resistance
many times the charge resistance, the
dissymmetry is readily measured, as
shown by the example of Figure 7.
When the charge resistance is about
equal to the discharge resistance, how­
ever, the instrument responds essen­
tially to the average value, and the
dissymmetry cannot be measured.

The meter used for obtaining the
reference r-m-s reading was a full-wave
type, and the calculations were based
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on a symmetrical distribution. Conse­
quently, for comparison with the cal­
culated curve in Figure 6, the average
of the two observed readings for each
value of the ratio was used~

EFFECT OF VOLTAGE LEVEL

At the voltage level used for the
experimental points of Figures 6 and 7,
the diode behaved essentially as a
switch with a discontinuity in its char­
acteristic, as assumed in the analysis.
At low voltage levels, however, the
diode rectifies mainly by virtue of the
curvature of its characteristic. The
voltmeter is then no longer peak-indi­
cating~ but rather it approximates an
r-m-s indication~ The transition be­
tween these two modes of operation
occurs between about one tenth of a
volt and one volt~ 7 This transition is
shown in the experimentally deter­
mined curves of Figure 8 and Figure 9.
These curves show the ratio of the ap­
plied r-ffi-S noise voltage to the ob-

DECEMBE', ,.56 ~

served voltage. The behavior is shown
here as a correction factor to be applied
to the reading of the voltmeter to ob­
tain the r-m-s value of the applied noise
voltage. lifwo curves are shown for each
voltmeter. One is for no added series
resistance, and the other is for 100,000
ohms series resistance. 8 If intermediate
values of resistance are used, the cor­
rection factor can be easily interpolated
between these two with the aid of the
curve of Figure 6 to supply the limiting
value.

When no series resistance is used,
the indicated voltage is highly de­
pendent on the high instantaneous
voltages that occur occasionally. For
example, for a random noise at an
r-m-s voltage of about 10 volts, the
actual d-c voltage developed across the
capacitor in the TYPE 1800-B Vacuum­
Tube Voltmeter is about 3Y2 times the

T C. B. Aiken, "Theory of the Diode Voltmeter", PrQC.
IRE, 26. 7. July 1938; pp. 859-876.
s The 100,000 ohms series resistance affects the sine-wave
calibration of the meter by only about I %. Ibid.. p. 876.

Figure 8. Correction for
Type 1800 Vacuum-Tube
Voltmeter indication to
obtain r-m-s value of

random noise •
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Figure 9. Correction for Type
1803 Vacuum-Tube Voltmeter
indication to obtain r-m-s value

of random noise.
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r-m-s value of the noise. Instantaneous
voltages that are still higher must,
therefore, occur occasionally to supply
the charge for the capacitor. For a
normal distrihution, the noise voltage
is higher than this value only about
0.02% of the time. This direct meas­
urement can, therefore, be a useful in­
dication of the higher voltages exist­
ing in the noise; for example, to deter­
mine the extent of peak clipping.

A good measure of the r-m-s value
can usually be obtained from the read­
ing of a peak voltmeter when it is pos­
sible to use a high resistance in series
with the diode. The indicated value
then depends on a larger sample of
the instantaneous voltage. When a
lOO,OOO-ohm series resistor is used,
the r-m-s value of random noise can be
obtained by applying to the meter indi­
cation the ~orrection shown in Figure 8
or Figure 9. The one disadvantage of
using a series resistor is that it reduces
the frequency range over which the
voltmeter response is essentially uni­
form.

FREQUENCY CHARACTERISTIC

One of the important advantages of
the peak-type voltmeter with its at­
tached probe is its excellent frequency
characteristic, for example, the TYPE

18oo-B Vacuum-Tube Voltmeter can
be used to bundreds of megacycles.
When measurements must be made up

to those frequencies, the probe must be
attached at the point where the meas­
urement is desired in order to obtain
this good frequency response, and no
series resistance should be used. If,
however, measurements of audio-fre­
quency noise are being made, high re­
sistances can be inserted in series with
the probe terminal without seriously
affecting the response to the audio
voltage. Thus, for example, if 100,000
ohms is inserted in series with the high
terminal right at the probe, the re­
sponse is down about 10 per cent at
130 kc. If 50,000 ohms is used, the
corresponding frequency is raised to
250 kc; or if Y2 megohm is used, the
lO-per cent point occurs at about 30 kc.

CONCLUSION

The peak-reading voltmeter can be
more useful in the measurement of
random noise than has heretofore been
believed.

The correction curves of Figures 8
and 9 make it possible to relate the
meter indications to the true r-m-s
amplitude of random noise. These data
should prove useful when r-ID-S or aver­
age meters are not available or where,
for some reason, their use is not feasible.
In addition, the use of the voltmeter
directly, i.e., without a series resistor,
yields information about instantaneous
peak voltages that cannot be obtained
with other types of meters.

- AR..'10LD P. G. PETERSON

AUTOMATIC DATA DISPLAY
CRO-RECORDER-X-Y PLOTTER

The several automatic dial drives
described in recent issues of the Ex­
perimenter 1,2,3,4,5 have greatly simpli­
fied the problem of automatic display
and recording as a routine laboratory

operation. They attach to existing os­
cillators and make possible both oscillo­
scope and graphic display without
necessitating the usc of specialized
sweeping equipment. They combine
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the features of economy and simplicity
with the ability to produce highly satis­
factory rcsults.

To facilitate a selection of the bcst
drive for a given application, the sev-

eral drives and their uses have been
tabulated below, together with'~ the
General Radio oscillators with which
they can be used, listed in the order of
increasing frequency range.

GENERAL RADIO SWEEP DRIVES

~ W. F. Byers, "The Type 12G3-A Amphtude-Regulatmg
Power Supply", General Radio Experimenter, 29, 11;
April, 1955, pp. 6-10.
I Horizontal deflection voltage not provided; synchronous
drive.
7 Horizontal deflection voltage can be furnished with the
Type 121o-Pl Detector and Discriminator.
I Oscillator must be po.....ered by the Type 12G3-A Ampli­
tude Regulating Power Supply.
• Displays VSWR directly on CRO.
11 Oscilloscope should h&\'e long-persistence screen.

Oscillalm- Drive Type (haphic
Frequency Range Type No. No. CRO'o Recorder X-Y PloUer

10 e to 100 ke I 1302-A 1750-A x x x
908-1'2 x

20 to 20,090 e 908-1'1 x
1304-B 908-Rl2 x x20 ke to 40 ke 908-R96 x x

I750-A x

20 to 20,000 c

I
908-P2 x'

1303-A 908-PI x20 kc to 40 kc 1750-A x
20 to 200~ 908-1'1 x
0.2 to 2 ke 908-P2 x " 7

2to20ke 121O-B 907-IU8 x x
20 to 200 ke 907-R144 x x
50 to 500 ke 1750-A x

908-P2 x'
0.5 to 5 Me 908-1'1 x

1211-B' 908-Rl2 x x5 to 50 Me 908-R96 x x
1750-A x

5to15kc
15 to 50 ke 908-1'1 x
50 to 150 ke 1330-A 907-R18 x -x
150 to 500 kc 907-R144 x x
0.5 to 15 Me
15 \0 50 Me

908-1'2 x G

908-1'1 x
50 to 250 Me 1215-B' 908-R12 x x

908-R96 x x
1750-A x
908-P2 x'
908-1'1 x

250 to 920 Me 1209-B' 907-R18 x x
907-R144 x x
1750-A x
908-PI x

200 to 2000 Me 1218-1\ 8
908-Rl2 x x
908-R96 x x
1750-A x

300 to 5000 Me Type 874-LB 874-MD x· x
Slotted Line
with appro-
ftriate oscil-
ator

"I H. C. LittLeJohn, Motor Drives for PrecISIon Dnves
and Bea~Frequency Oscillators", General Radio Experi·
menter, 29, 6; November, 1954, pp. 1-3.
!Eduard Karplus, "A New System for Automatic Data
Display", General Radio Experimenter, 29, 11; April,
1955, pp. 1--6.
'R. A. Sodennan, "Automatic Sweep Drive for the
Slotted Line", General Radio Bxperimenler, 29, 11; April,
1955, pp. 10-15.
40. A. Clemow, "Synchronous Dial Drives for Auto­
matic Plotting", General Radio Bzperimente-r, 31, 3;
August, 1956, pp. 5-9.
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THE TYPE 17S0-A SWEEP DRIVE
(see cover)

Of all the drives, the TYPE 1750-A is the Speed range is 0.5 to 5 cps over arcs from 30°
most flexible in application, because it fit-s any to 300°, This drive is fully described in the
knob or dial and is easily adjustable, while Experimenter for April, J955.
operating, both in sweep are and sweep rate.

Type

1750-A Sweep Drive (115 volts, 50-60 cycles). , .•

Price

$440.00

AMPLITUDE-REGULATING POWER SUPPLY

Regulating Power Supply is necessary to hold
the oscillator output constant. This, with other
accessories, is listed below.

Where indicated in the table (with TYPES
1211-B, J215-B, 1209-B, and TVPE 121S-A
Unit Oscillators) the TyPE 1263-A Amplitude-

Type Code Word Price

1263-A
874·VR
874-VQ
274_NF
874-06
874-W.\o\

Amplitude Regulating Power Supply ... , •.....
Voltmeter Rectifier..........••...•.......••.
Voltmeter Detector , , ••......•
Patch Cord .•................•...•.....•.••.
Adaptor .•.......•......•....•...•....•.. , .
50_ohm Termination .•.....•••..............

SALO:-.'
COAXRECTOR
COAXVOQUEIl
S'fANPARGAG
COAXCLQSER
COAXl\IEETEH

$280.00
30.00
30.00

1.50
2.25

12.50

THE TYPE 907-R and TYPE
908-R X-Y DIAL DRIVES

These drives are designed to fit the General
Radio TYPE 907-\VA (4-ineh) and TYPE
908-WA (6-inch) Gear Drive Precision Dials
for front-of-panel mounting. Oscillators using
these dials are listed in the table for the R-type
drives. The drive replaces the knob on the
front of the dial and is easily installed. Its
synchronous motor rotates the dial at a uni­
form rate. A potentiometer is rotated simul­
taneously, providing an output voltage pro­
portional to dial position, which can be used to
drive the X-axis of a plotter. A complete de­
scription and specifications will be found in
the Experimenter for August, 1956. Two speeds
are available in each size.

70 eo 90 KlO 120 140 160 200 240..

I , ,
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(Above) View of Type 907-R- 144 X-V
Dial Drive, installed on a u-h-f Unit

Oscillator.

(Right) Plot of the frequency char_
acteristic of a Type 874-Ft85 Fllte,
obtained on an X-V plotte, with the

X_V Dial D,ive shown above.

Me

Type Dial Speed Rotation Potentiometer Max Pot. Current Resolution

907-R18 907 18°/rnin CCW 20 kn 10 rna 004°
907-R144 907 144°/min Self-reversing 20 kn 10 rna 004°
908_R12 908 12°/min CCW 50 kn 10 rna 0.2°
908-R96 908 96°/rnin Self-reversing 50 kn 10 rna. 0.2°



"
Type

907-R18
907-R144
908-R 12
908-R96

x-v Dial Drive .........•.••••.•••....•........
X-V Dial Drive ••.......•...•....•....••.••....
X-V Dial Drive •..•.•...•••.•...•••••...•••....
X-V Dial Drive .........•••••...•••••..........

DECEMBER, 19 S 6 ~
Code lVord Price

EARLY $55.00
EDUCE 55.00
EGRET 55.00
EJECT 55.00

THE TYPE 90S-PI and TYPE 90S-P2 SYNCHRONOUS DIAL DRIVES

Simplest and least expensive of the dial
drive!t these synchronous unit-e will fit both
the TYPE 907-WA and the TyI'E 908-WA
Cear-Drive Precision Dials. They do not in­
elude the potentiometer for supplying a hori­
zontal deflection voltage. Adjustable stops are
provided for limiting traveL Drives are self
reversing. The faster model, TYPE 908-P2, can
be used for oscilloscope display if a simple
discriminator is provided to supply the X-axis
original. The TYPE 90S-P1 is recommended for
use with a graphic recorder. A complete de­
scription with specifications was published in
the Experimenter for November, 1954.

908-P2 30 RPM

Speed:

Type
908-Pl

Pinion
4 RPM

90B Dial
4/15 RPM or

225 sees/rev
2 RPM or30

sees/rev

907 Dial
4/10 RP:>1 or

150 sees/rev
3 RPM or 20
sees/rev

(Above) View of the Type 90B-Pl Synchronous
Diol Drive installed on a Type 1304-8 Beat.

Frequency Audio Generator.
(Below) Record of the Frequency response of a
small loudspeaker in an anechoic chamber.
Oscillator was driven by the Type 908·Pl Syn-

chronous Dial Drive.

'l'ype Code Word Plice

90B-Pl
90B-P2

Synchronous Dial Drive .••..•..•...•...•.....
Synchronous Dial Drive .......•.......••.....

SYNDO
SYKKA

$27.50
27.50

Price

$290.00

VSWR pattern, as
displayed on scope,
obtained with the
motor-driven slot-

ted line.

SLOTTED LINE MOTOR DRIVE
The slotted-line motor drive designed to

drive the probe carriage of the General Radio
TYPE 874-LBA Slotted Line, makes possible
the display of VSWR directly on an oscillo­
scope. Its use greatly speeds up slotted line
measurements. See the Experimenter for April,
1955, for complete details.

Slotted_Line Motor Drive •.

I

l'ype

874-MD

t.. _

View of the Type B74-LBA Slotted Line with the
Type 874-MDMotor Drive.
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ADJUSTABLE TRANSFORMERS
ADMITTANCE BRIDGES
ADMITTANCE METERS
AIR CAPACITORS
AMPLIFIERS
ATTENUATORS
AUDIO-FREQUENCY METERS
AUTOMATIC VOLTAGE REGULATORS
BEAT.FREQUENCY OSCILLATORS
BINDING POSTS AND ASSEMBLIES

BOLOMETER BRIDGES
BRIDGE TRANSFORMERS

BROADCAST FREQUENCY MONITORS
CAPACITANCE BRIDGES

CAPACITORS
COAXIAL ADAPTORS
COAXIAL CONNECTORS
COAXIAL ELEMENTS
COMPARISON BRIDGES
DECADE ATTENUATORS

DECADE CAPACITORS
DECADE INDUCTORS
DECADE RESiSTORS

DECADE VOLTAGE DIVIDERS
DELA Y LINES
DIALS
DIAL DRIVES
DIRECT-CURRENT AMPLIFIERS
DISTORTION AND NOISE METERS
ELECTROMETERS
F-M MONITORS

FILTERS
FREQUENCY DEVIATION MONITORS
FREQUENCY MEASURING EQUIPMENT
FREQUENCY STANDARDS
HETERODYNE FREQUENCY METERS
IMPEDANCE BRIDGES
IMPEDANCE COMPARATORS
IMPEDANCE-MATCHING TRANSFORMERS
IMPACT-NOISE ANALYZERS
INDUCTANCE BRIDGES
INDUCTORS
KLYSTRON OSCILLATORS
KNOBS
LIGHT METERS

LIMIT BRIDGES
LINE STRETCHERS
MEGOHM BRIDGES
MEGOHMMETERS
MODULATION MONITORS
MOTOR SPEED CONTROLS
NULL DETECTORS
OSCILLATORS
OUTPUT METERS
OUTPUT TRANSFORMERS
PARTS AND ACCESSORIES
PLUGS AND JACKS
POLARISCOPES
POLYSTYRENE CAPACITORS
POTENTIOMETERS
POWER SUPPLIES
PULSE AMPLIFIERS
PULSE GENERATORS
RANDOM NOISE GENERATORS
R-C OSCILLATORS
RESISTORS
SHIELDED CONDUCTORS
SLOTTED LINES
SOUND ANALYZERS
SOUND-LEVEL METERS
STANDARD-SIGNAL GENERATORS
STROBOSCOPES
SWEEP DRIVES
SWEEP GENERATORS
SWITCHES
SYNCHRONOUS DIAL DRIVES
TELEVISION STATION MONITORS
TIME-DELAY GENERATORS
TIME/FREQUENCY CALIBRATORS
TUNING-FORK OSCILLATORS
UNIT INSTRUMENTS
VACUUM-TUBE VOLTMETERS
VARIACS®
VIBRATION ANALYZERS
VIBRATION METERS
VOLTAGE REGULATORS
WAVE ANALYZERS
WHEATSTONE BRIDGES
X-V DIAL DRIVES
Z-Y BRIDGES

General Radio Company
extends to all Experimenter readers its best wishes

for a Merry ~hristmas and a Happy New Year.
®


