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A NEW UNIT OSCILLATOR, 180 to 600 Me
Butterfly circuits with their wide

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

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

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

As the type number indicates, the
new unit oscillator is a modification of
the familiar 250-to-920 Mc TYPE 1209-B
Unit Oscillator. By elimination of one
of the two parallel inductance branches
of the butterfly circuit, all frequencies
are reduced by a factor of v2. At the
same time the minimum output obtain­
able at any frequency is increased from
200 to 300 milliwatts. All other charac­
teristics and the external appearance
are unchanged.

SPECIFICATIONS
Frequency Range: 180 to 600 Mc.
Tuned Circuit: Modified buttcrfly, with no slid­
ing contacts.
Frequency Control: 4-in. dial with calibration
over 270°. Precision drivc with 4Y2:1 reduction.
Frequency Calibration Accuracy: ± 1%.
Warm-up Frequency Drift: 0.2%.
Output System: Short coaxial line with adjust­
able coupling loop on one end and coaxial con­
nector on other. Maximum power can be de­
livered to load impedances normally met in
coaxial systems.
Output Power: Into 50 ohms, 300 mw at any
frequcncy.
Modulation: Plate modulation of 30% at audio
frequencies can be produced by external source
of 40 volts. Input impedance is about 8000

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

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

Power Supplies Recommended:
Standard: TYPE 1203-B Unit Power Supply,

115 volts, 50 to 60 cycles.
Stabilized Plate Voltage: TYPE 1201-A Unit

Regulated Power Supply, 105 to 125 volts, 50
to 60 cycles.

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

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

Figure 1. (Left) View of bUllerfly circuit in the Type 1209-8 Unit Oscillator.

(Right) Rear view of Type 1209-8L, showing how one of the parallel inductance branches of the bUllerfly is
removed to lower the frequency range.
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Figure 2. Panel view of the Type 1209-B Unit Oscil­
lator. The new Type 1209-BL is identical in appear­
ance except for the frequency calibration on the dial.

Constant Output Level vs. Frequency: TYPE
1263-A Amplitude RRgulating Power Supply
with TYPE 874-VR Voltmeter Rectifirl', TYPE
874-Q6 Adaptor, and TYPE 274-NF Patch
Cord, 115 or 230 volts, 50 to 60 cycles.
Oscillator Tube: ylvania Type RT 434.
Mounting: Aluminum casting surrounded by
spwl-alumiuum hield. As.sembly iti mounted
on lrl,haprd panrl-and-ch3SSis piece.
Accessories Supplied: TYPE 874-R22 Cable,
TYPE 974-C58 Cable Colmector, Jones socket,
and telephone plug.
Accessories Available: l\10dulator, Sweep
Drives, Relay Rack Adaptor Panels arr avail­
able 'Ill listrd in General Radio Catalog.
Dimensions: Hright 6U in., width 9U in.,
depth 7 in., over-all.
Weight: 67.i lbs.

Type

1209-BL I Unit Oscillator, 180 to 600 Mc ......•......•..• 1

Code Word

ADMIT I
Price

$245.00

PHASE-ANGLE MEASUREMENT ON RHEOSTATS
An analysis of the effects of inductance

and capacitance, both lumped and dis­
tributed, on the phase angle of a potenti­
ometer u ed as a rheostat was presented
in a previous article.' The distributed
capacitance was a umed to be between
the winding and a conducting smface
(the housing, a metal mandrel, a mount­
ing plate, or a shield), and the curve of
111. P. llall, "The Phase Angle of Potentiometers u ed
as Rheoortats," General Radio Experimenter, 32, 4, Sep­
tember, 1967.

the phase angle (0) vs. fractional rota­
tion (a) took various shapes, depending
upon the potential of the conductor.
These formulas and curves are sum­
marized in Figme 1. The measmed
cmves of the previous article were
chosen to illustrate each effectseparately.
This article will de cribe the phase-angle
characteristics of several potentiometers
to show how their curves depend upon a
combination of several effects.

Figure 1.
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Measured Curves

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

where two potentiometers of the same
type are measured.

On potentiometers that do not have
a metal case, such as the General Radio
TYPE 970 eries, the "no plate" curve
may be approached by using spacers to
mount the potentiometer to the metal
mounting plate. Figure 8 shows the
behavior of a TYPE 977 Potentiometer
spaced 7i inch from the mounting plate,
which give substantial improvement
over the curves of Figure 5. The "float­
ing conductor" curve often gives the
lowest efor potentiometers with a metal
case, but the case potential is affected
by nearby objects. The "grounded con­
ductor" connections usually result in
an inductive pha e angle, which can be
easily compensated with a capacitor
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acro the terminal". Xot too many ap­
plications, however, ,vould use this
three-terminal connection.

These meaEured curves show some
similarity to the curves of Figure L, but
large differences are apparent. The
curves of Figure 1 show the effect of
each parameter separately, whereas
measurements on the potentiometer
show the effects of several parameters
simultaneouslv. To illustrate' these com-

•

bined effects, Figure 9 shows an attempt
to synthesize the curves of Figure 5,
with the following constants assumed:

CtoP = winding-to-plate capacitance =

24 p.J.t!, distributed
CTp = rotor-to-plate capacitance =

3 p.p..f, lumped
CttT = winding-to-rotor capacitance =

4.5 p.p..f distributed

C.1 = capacitance across terminals =

1 p.p.f, lumped
wL

0L = R = 2-l0 p.radians, constant

As the various plate connections are
made, the f'ffect of Ctol' changes as do
the curves of Figure 1. However, CA. is
al ways acro the terminals, and the
effect of CtoT i al\\"ays as given by the
"conductor-tied-to-rotor" formula. The
capacitance CTp is shunted out in the
plate-tied-to-rotor case, shunts the po­
tentiometer ",hen the plate is tied to the
end, has no effect in the grounded-plate
connection, and is not present when
there is no plate.

These synthesized curves show a much
closer approximation to the measured
curves, but differences are still apparent.
One cause of these differences is the
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Figure 11.
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EOUIVALENT CIRCUIT fOR POTENTIOMETER OF fiGURE 3

as it does in the evenly distributed case.
ot all the capacitance are included in

the synthesized plots. In addition to the
ground capacitance, there is probably
ome terminal-to-plate capacitance,

which was not taken into account. Ca­
pacitances between various parts of the
winding may also have a slight effect.

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

The curves for the carbon pot (Fig­
ure 3), which are almost straight line~,

may be clo ely approximated if only the
lumped capacitances shown in Figure II
are con idered. The area of the resistive
element in thi typ of potentiometer i.
very small, so that distributed cap"aci­
tances to the element are relatively
small.

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

Figure 10.

effect of capacitance from the ,,-inding
and from the mounting plate to ground
or to free space, which may be everal
micromicrofarad . This capacitance in­
creases if grounded surfaces are brought
near the plate. The effect of the ,,-inding­
to-ground capacitance is the same as
that of the capacitance from winding to
plate in the "grounded-conductor" ca e
when a direct measurement is made.
Thi capacitance affects mainly the "no­
plate" curve and makes it more positive.
The plate-to-ground capacitance affects
only the "floating-plate" curve, and, al­
though the effect is more complicated, it
makes thi curve more positive also.
Figure 10 shows an equivalent circuit
for the "floating" case with the ground
capacitance added, where the emeasured

E,
is that of the direct impedance, I .

o

Another reason for the difl"erences is
the assumption that the stray capaci­
tance are evenly distributed. For ex­
ample, the assumption that the "inding­
to-rotor capacitance is evenly distributed
is only a fair assumption for eries 970
Potentiometer, which have a ring rotor
structure, and would not hold at all for
most potentiometers. If there were ca­
pacitances from the rotor to that part of
the winding near the rotor contact, e

1 2
would vary as - - rather than as - a

a

,
IROTOR

CWR I I I I I I I

•• r"
CRPCWP L.. '-

E'N
'PLATE

CPLATE TO GROUND

-
EQUIVALENT CIRCUIT FOR fLOATING PLATE WITH
CAPACITANCE TO GROUND.

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

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

APPROXIMATE OL in MICRORADIANS at 1 kc

8

Potentiometer Type No. 971 972 973 974 975 976 977 978

Type Letter Ohms
8 2 6500
c 5 6300 9300 10600
D 10 1800 3900 4900 9500
E 20 740 1800 2200 4900
F 50 620 910 1200 2800
G 100 460 610 850 980
H 200 340 430 730 760
J 500 350 410 640 750 890
K 1K 130 440 330 640 730 900 1200
l 2K 72 102 147 275 360 610 20 980
M 5K 63 73 120 170 215 420 610 990
N 10 K 30 68 80 120 165 210 240 730
P 20 K 16 15 35 62 130 130 200 250

Q 50 K
R 100 K For these resistances, inductive effects are negligible compared to
T 200 K capacitive effects.
U 500 K

TABLE II
CAPACITIVE PHASE ANGLE at a = 1

Oe max in MICRORADIANS at 1 kQ and 1 kc

Potentiometer Type

No Plate
PI te to Ground
Cat d to Winding End

onnec e to Rotor
Floating

971

- 6.8
+ 3.4
-29
-26
- 8.3

972

-11
+ .4
-33
-31
-13

973

- 8.6
+ 5.7
-35
-30
- 6.5

974

- 9.4
+ 3.3
-36
-35
-12

975

- 7
+11
-55
-46
-14

976

-12
+ 5.2
-57
-50
-18

977

-13
+12
- 1
-66
-20

978

-10
+17
-81
-6
-17

These values depend upon the dielectric constant of
phenolic, which varies with batch and with frequency.

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

Table I give the approximate value
for 0L, the component of 0 due to wind­
ing inductance for each size of each type
of pot, except for the very large rei'list­
ance values where the inductive effect
i negligible compared to the capacitive
effects. Table II gi ves Oe ",ax. the 0 value
at a = 1 caused by the capacitive effects.
The value of Oe max depends upon the
connection u ed and is negative except
for the grounded-plate connection. The
mounting plate, u ed for these measure­
ments were quare, and the edge dimen­
sion ,,-as one inch greater than the di­
ameter of the pot.

To get the values at a = I, the ap­
propriate value of 0L and Oe max should be
cho en. The value of 0 at a = 1 is then:

o =j(OL + ROe ",a:z)

where j is in kilocycles and R in kil­
ohm. A a approaches zero, 0, for the
synthesized curves, approaches OL as
shown in Figme 9. Actually, as rhown
in Figure 5, the inductive component of
odrops off at low values of a, where the
full extent of mutual coupling has not
been established.

Measurement Technique

These measurements were made on
a General Radio TYPE ]605-A Imped­
ance Comparator

2
, using small fixed re-

2Uall, II. P., and Holtic, :'-1. C., ".\ HilZh PrN·;,;oll
Impcdaoce Comparator," General Radin EXIlPrimrnfer,
~O, 11, April, 19.56.
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istors as pha e-angle standards. This
instrument presents on t\\"o meters the
difference in magnitude and the differ­
ence in pha e angle between the standard
and the unknown impedance . The high
sensitivity (one division = .0001 radian
on the most sensitive range) and the wide
frequency range (100 c, 1 kc, 10 kc, and
100 kc) make possible measurement over
a very ",ide range of time constant
(0/ w).

In the measurement, the rheostat is
adjusted for an appro:amate magnitude
null, and then the 60 value i read from
the meter. For the most precise meas­
urements, the standard resistors should
have low capacitance and short leads.
Because we are interested in the 0 dif­
ference, the capacitance of leads to the
rheostat can be balanced out by using
imilar leads to the standard.
It is interesting to see how direct

measurement can be made if the rheo­
stat i" adjusted for a magnitude balance.
The shunting capacitance CA and CB

(Figure 12) have no effect in a direct
measurement. C,l shunts half of the
tightly coupled bridge transformer and

JANUARY, 1958 ~

causes negligible error if it i of reason­
able size (leiOs than .0001 radian error
for C.-l = 0.14 at 1 kc). The other stray
capacitance, CB , shunts the input and

>----+---1I-:--*=~TODETECTOR.
C.

RS

BRIDGE CIRCUIT WITH STRAY CAPACITANCE

Figure 12.

1
cause an error of 2 6R w CB, where 6R

i the resistance difference between
the rheostat and the standard resistor.
It is of course impossible to set
6R = 0, particularly for wire-wound

potentiometers of limited resolution.
However, if CB is of the ame order of
magnitude as the capacitance causing
the phase angle, the error i usually
negligible.

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

-H. P. HALL

THE NEW MIDWEST OFFICE

July 15, 1957, marked the opening of
our new office in Oak Park and the clos­
ing of the old office at 920 outh Michi··
gan Avenue in Chicago, which had been
in operation since 1943. During the in­
tervening years, the office had grown in
'ize more than threefold. Thi expansion
in personnel together with our plans for
a Midwest repair department made it
nece a1'Y to move to larger quarters. A
uburban location was desirable, because

more and more of our cu tomeI'S were
moving away from the downtown area.

Our ne\\" location at 6605 West orth
Avenue is in Oak Park about ten miles
west of Chicago's Loop. Ea y access to
and from locations in Chicago is pos­
sible via North Avenue, the main ea t­
west artery, or the Congress Expressway
located nearby. Also, several north­
south arteries, uch as Harlem Avenue
and Cicero Avenue, are in the vicinity.
Convenient public tran portation is also
available, while those who drive will
find the location easily and will have no
difficulty in parking. There is a parking
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lot at the real' of the building as well as
ample spacc on the adjacent streets.

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

The New Service Department

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

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

recalibration, and rcpair of General
Radio lnstrumcllts.

View of the new front door - 6605 West North Avenue, Oak Park, Illinois.

---"
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The service laboratory at Gen­
eral Radio's new Midwest office.
Left to right, AI Guay in charge
of service activities and George

Hanson.

JANUARY, 1958 ~

For those customers interested in
makin/l; their own repairs, a good sLock
of replacement parts is available.

Many service problems can be .'olved
by discu . ing them \Yith lIS. Please call
on Bill Ihde or Bob Bard if yOIl have a
measur('mC'nt problem, Oi' AI Guay if

you have a s rvice problem in connec­
tion with GR equipment.

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

Telephone: VIllage 8-9400.

- 'YII,Ll:L\f 11. IHDB

SCIENCE FOR THE BLIND

r\ unique publication, Science Re­
corded, entered its third year in Oc­
tober, 1957. Science Recorded is a scien­
tific periodical, recorded on ma/l;nC'tic
tape, and sent each month to some 200
blind sub. cribers in the united States,
Great Britain, Australia, and Mexico.
It is handled by a nonprofit organiza­
tion, Science for the Blind, a ubsidiary
of the Philadelphia Association for the
Blind. In the twelve months ending Octo-

bel', 1957, over 4000 tapes \Yere sent out.
The staff is made up primarily of

volunteers who erve as readers and
mailers. The editor is Profe or T. A.
Benham of Haverford College, who is
'rell knowTl for his work in the develop­
ment and adaptation of scientific instru­
ments for use by the blind.

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

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

your Catalog O.

Effective elate: January 20, 1958
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GR REPRESENTATION
FOR HAWAII

Raclio-T('I('\,i, ,ion orporation Ltd.,
T7 \.Ia Moana, Honolulu, Hawaii ha._
I rpn appointed ;('n ral Hadio'. reprc­
:entaliv for th T rritor)' of Ha\\·uii.
Ira ,.• 1('1'(; 1', :\lana~er f the 'EI ­
tronic~ ] ivi. ion and \\'l'Il known in
cle 'lroni n~ill(, rin~ circle. hoth on th('
mainland alld in ITl \\'aii i. in direct
C'll urg(' of ;n .aI s.

All inten" t('(1 in ('!('('fronic t('~t equip­
ment and illstnlm('ntation qu(':tion: aI"
cordially in\'it '<1 to grt in (oueh \\'ith
our ll('\\' r('pn'sC'ntati\'r. '1'11(' t('I('1 honc'
numb I' i.- SO-2H I.

Ira G. Mercer

NEW LOCKING SYSTEM FOR UNIT INSTRUMENTS
, nC'ral Radio ( nit In:trum('nts ha\'

plug-in po\\'rr . upplir... Thi.. f('atur('
mal-es possiblr the mo:t rfneic'nl u:e of
po\\'er-supply unit. and al ..o p rmit.,
th(' ll.'('r to sri C'I rither a rC'gulatrd or an
UnT' gul:ttrd :upply, a. thr irnrn diatr
r quirC'rnrllts may dic·tate.

"With thC' rC'('fangular-eahinrt L~'I of
uni in, trumrnt, it is possible 10 'orn­
him' this fralme '\'ith thr adnllltag : of
n, ..iIlgl(' . trud ure. '1'h is i.. aC'c'om p1ish I
by thr us(' of 1 ('king . trips, \\'hieh hold
tl1<' po\\'rr-, llpply rabinC'! t1lHI Ihr in­
st 1'IIment ('abin't firmly tOl?;etl1<'r ..0

Figure 1.

thaL the~' ('an bC' handlC'd as < • inglr a ­
. crnhl.\'. Th loc'king st rips arr no\\' . up­
plied with all !'rC'tangular-c'ahillrt unit
in:trumenl.. Tl1fitallation i~ simple as
shown in Fig\ll'C' I. 'I \\'0 lor'king ~ trip.
arC' usNI, onC' :tl (he lop and Imr n,t j hr
bol I I'll.

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

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

The fuel gage on a modern military
aircraft measures the fuel quantity by
measuring the capacitance of an element
inserted into the fuel tank

l
. This element

is, in effect, a capacitor whose capaci­
tance changes as fuel is replaced by air.
Periodic checks of the accuracy at full
and empty gage readings are made by
the substitution of a variable capacitor,
such as the MD-l (GR TYPE P-579)
Field Variable Capacitance Tester,'"

."Temperature Comoensated AircraIt Fuel Gage," R. J.
Levine, ELECTRONICS, 27, 9, Septc=ber, 1954, pp.
160-1.
'''A Calibrator for Aircraft Fuel Gages," P. K. :lleElroy,
General Radio Experi:menter. Reptember, 1900.
'''Eleotronie Fuel Gage Tester," P. Bishop, ELEC­
TRONIC IND STRIES, May, 1957, p. 75.

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

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

After evaluation tests (including many
environmental tests) the P-582 was
given the militarily assigned commercial
standard designation TEST SET, CA­
PACITA CE BRIDGE, TID 24/E,
PRECISION, THREE-TERMI JAL,
DEPOT.

Figure 1. Panel view of the Type P-582 Capacitance Bridge.
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shield cans to prevent stray fields from
affecting the balance.

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

Cx=CA(M)
where M is a multiplier of 1 or 1/10 (as se­

lected) and ex is the series capacitance of the
unknown.

Dx = wR (CA + CB )

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

The standard capacitor, which forms
the differential unit consisting of CA and
CB , is actually a 50-to-llOO J.tJ.tf variable
air unit and a 1000-to-1O,000 J.tJ-tf decade
of silvered-mica capacitors. The sum
(CA + Cs ) is kept constant by the ad­
dition of an extra set of stator plates
to a TYPE 722 Capacitor, and by dif­
ferential switching of the mica units.
On the X1/10 range the .lower limit
is extended down by a factor of 1/10,
so that the over-all range becomes
5J.tJ-tf to II ,000 J.tJ.tf. The accuracy of
the variable unit (with dial correction)
is ± 0.4 J.tJ.tf or ± 0.1%, whichever is
larger. In the X1/10 position, this means
a bridge accuracy of ± .04 J.tJ.tf or ± 0.1%
over the range of 5 to 110 J.tJ.tf. The range
from 110 to 1100 J.tJ.tf can be covered in
either of two ways: (1) with the variable
air capacitor and a multiplier of Xl jor (2)
by use of the mica decade and a multi­
plier of X1/10. When only the air ca­
pacitor is used, the accuracy of measure­
ment is 0.4 J.tJ.tf or 0.1%; with the mica
decade, which has a 0.1% accuracy, the
over-all accuracy is close to 0.1%, just
as on the 1000-to-ll,000 J.tJ.tf range.

OET.

..L • __-;:,
10

MULTIPLY
TOTALC

BY

400",

Figure 2. Basic bridge circuit.

GEN.

I

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

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

'0'

'''Double Ratio A-C Bridges with Inductively Coupled
Ratio Arms." A. A. Clark and P. B. Vandeclyn. PToceed­
i1tg8 0/ lEE. 92. Part III. 1949, pp. 189-198.
s"Direct Capacitance and Its Measurement." R. F. Field,
General Radio Experimenter, November, 1933.

.-------<0 UNK.Of-----.
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The percentage accuracy for capaci­
tance measurement (with dial correc­
tion) is plotted against capacitance in
Figure 3, which also shows the original
specifications. The small jogs in the
curve are the effect of the ± 0.4 J..LJ..Lf speci­
fication of the variable capacitor and are
of small consequence. The original speci­
fication called for a 1000 J..LJ..Lf variable ca­
pacitor with an accuracy of ± 0.2 J..LJ..Lf or
± 0.1%, which is unobtainable in pres­
ent capacitor without a much more de­
tailed correction chart than that called
for by the specifications.

The dissipation-factor accuracy is
± 2% of reading ± 0.0002. The small
losses of the mica decade are balanced
out by resistive networks on the un­
known side of the bridge which are
switched as the decade is adjusted.

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

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

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

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

The author would like to acknowledge
the contributions of the many people at
General Radio whose ideas were incor­
porated in the instrument. The guiding
hand behind the development was that
of P. K. McElroy, whose aid in the de­
sign also assured compliance with the
requirements of environmental tests.
The ideas of 1. G. Easton and R. A. Sod­
erman were used in the circuitry, and
the layout was largely the work of H. G.
Stirling.

- HENRY P. HALL

Figure 3. Plot of percentoge occuracy versus capacitance measured.

RANGEstIS MIL T 4778(USAF)

'" "" I'.. MIL T 4778 (USAF),
- P-582 ~

1m'. ,,
'. !'...."'--" ~ I!'.... ~- -0.1 "I.

1'Yo

10 }J}Jt 100 }J}Jt 1000}Jilt 10,000II}J f

CAPACITANCE
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SPECIFICATIONS

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

Price

I Price on requestSUPER

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

30 watts input at 115-volt line.
Dimensions: (Length) 227'2 in. x (height) 14 in. x
(depth) 12%, mches over-all, including cover.
Nel Weight: 55 Ibs.

Code Word

I Capacilance Bridge 1P-582

Detector:
Sensitivity of amplifier alone: 10% scale

deflection for 10 Jlvolts input.
Sensitivity of system: x 1 MULTIPLIER po­

smon -10% deflection for .05 JlJd .6.C.
x1/10 MULTIPLIER po ition-lO% deflec­

tion for .005 JlJlf .6.C.
Selectivity of amplifier alone: down 56 db

at 800 cps, down 64 db at 60 cps.
Selectivity of amplifier and bridge trans­

former: down 50 db at 800 cps, down 80 db at
60 cps.
Effect of Impedance to Third Terminal (Chassis):
Impedance from the unshielded lead to chassis
hlffits the oscillator and, therefore, causes no

bridge error. The output voltage is reduced
approximately 50% by shunt impedance of
5 kf! or 0.1 pL

Impedance from the coaxial lood to chassis
shunts the bridge transformer. On the x 1 MUL­
TIPLIER position, there is negligible C'ffect
from a shunt of 1 kf! or 0.1 Jd. On the x 1/10

Type

Range: Capacitance: 5 JlJlfto .011 JlL
Dissipation Factor: 0 to .11.

Accuracy: Capacitance: sec Figure 3. Variable
Capacitor: on xl Range, ± 0.4 JlJlf or ± 0.1 %,
whichever is greater; on X1/1O Range, ± 0.04
JlJlf or ± 0.1 %, whichever is greo.ter. Decade
Capacitor: ± 0.1% on both ranges.
Dissipation Factor: ± 2% of reading ± .0002.
Oscillator: Frequency: 400 cps ± 0.25%.

Output: 25 volts nominal.
Distortion: less than 0.5%.

'''Electrolytic Capacitor Testing at 120 Cycles," General
Radio Experimenter, 28. 6, November, 19.53, page 8.
1. G. Easton, "A 12D-cycle Source for Electrolytic CaplWi­
tor Testing with the Capacitance Test Bridge." General
Radio Experimenter. 3i, 3, A.ugust, 1956. pp. 9-12.
'Ivan G. Easton, "A Wide-Range Capacitance Test
Bridge," General Radio Experimenter. 2~, 2..July. 1948,
pp. 1-8.

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

The special 60/120-cyc1e model I of 120-Cycle Measurements
the popular TYPE 16ll-A Capacitance Capacitance measurements at 120 cps
Test Bridge' has enjoyed such wide- are used primarily for the measurement
spread acceptance that it now becomes of polarized electrolytic capacitors. In
the standard model and will be known the majority of applications of these
as TYPE 16ll-B. This bridge will meas- capacitors, a 120-cycIe ripple current is
ure capacitance and dissipation factor superimposed on the applied unidirec­
over wide ranges; a,t a frequency of 60 tional voltage and, hence, it has become
cps from the power line and at 120 cps standard practice to test such capacitors
from an external generator. Filters are at that frequency. The capacitance
provided in the null-detector circuit for
both frequencies. Operation at other
frequencies, up to 1000 cps, is also pos­
sible, if suitable external generators and
filters are used.



7 FEBRUARY, 1958

range of the bridge is 1 JLf to 11,000 JLf
and the dissipation-factor range is 0 to
120% when the frequency of the test
voltage is 120 cycles. The D dial i cali­
brated for 60-cycle measurements; at
120 cycles the correct value of dissipa­
tion factor is obtained by multiplying
the dial readings by a factor of 2.

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

The capacitance range for 50-cycle
measurements is 0 to 11,000 JLf; the dis­
sipation-factor range is 0 to 60%. The
extension of the capacitance range to
zero i made possible by a unique com­
pensating circuit', which eliminate the
effect of stray capacitance at the bridge
terminals. If, for practical purposes, we
consider the lower limit of mea urement
to be one micromicrofarad, the bridge
covers a capacitance range of 11 billion
to one.
Other Frequencies

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

Figure 1. Panel view of Type 1611-B Capacitance
Test Bridge.

tiplied by to to obtain the true dissipa­

tion factor, expressed in per cent.
Accessory Equipment

For 120-cycle measurements, the rec­
ommended external generator is the
TYPE 1214-AS2 nit Oscillator. For
higher frequencie the TYPE 121O-B nit
R-C Oscillator is sati factory, or for
fixed-frequency measurements at 1000
cycles, the TYPE 1214-A Unit Oscillator.
Polarizing voltage can be furnished by
any convenient d-c power supply. For
voLtages up to 300 volts. the TYPE 1204­
B Unit Variable Power Supply is rec­
ommended.

SPECIFICATIONS
Capacitance Range: 0 to 11,000 J.lf at 60 cycles.
1 pi to 11,000 J.Lf at 120 cycles or other external
frequency.
[}issipation-Factor Range: 0 to 60% at 60 cycle.
Range proportional to frequency. (0 to 120% at
120 cycles.) Dial readings must be multiplied

by the ratio 6~ for frequencies other than 60

cycles.
Accuracy: Capacitance, ±1 %. Dissipation fac-

tor, ± (2% of dial reading +0.05% x fo dissipa­

tion factor).
Detector Filter: Tuned to 60 or 120 cycles, se­
lected by switch. Jack provided fOI. use of an
external filter for other frequencies.
External Generator: Required for frequencies
other than 60 cycles. TYPE 1214-AS2 Oscilla-
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Power Input: 15 watts.
Accessories Supplied: TYPE CAP-35 Power
Cord and par f .
Mounting: Portabl carrying c of luggage­
type construction. ia c mpl tely shielded
to insure freedom from I tro tatic pich.-up.
Tube Complement: One ach 6.. 5-GT/G, 6 7,
and 6U5.
Net Weight: 307\l pounds.
Dimensions: (Width) 147\l X (depth) 16 x
(heigh) 10 inch " over-all, including cover and
handI .

1611-B
1214-AS2

tor Ii tl'd below i recommend d for 120- ycle
measurements.
Polarizing Voltag.: T rminals ar. provid d for
COIUl ting an external d-c polarizing voltage.
The maximum voltage that hould be im-
pr d i 500 volt.

I e of th' terminal is ground d so that any
a.-e operated powl'r supply with ground d out­
put can b u.'Wd. The terminal capacitanc of
thl' power supply do not affect the bridge
circuit.
Power Supply Voltage: 105 to 125 (or 210 to 250)
volts, 60 cycJ s.

Typ Cod Word Price
---"--"-"-'-----;-------------------,-----=--'-'-'------------,,---'- -'-'--

ICapacitance Test Bridge. . . . . . . . . . . . . . . . . . . . . . . . FA VOR $570.00
Unit Oscillator (including power supply). . . . ••••• ADDQT 100.00

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

Experimenter I' ad r who at end the
195 Radio El1O'incering ,'how ar cor­
dially im'itrd to visit the General Radio
display in Both 3302 to 3310. Th
booth are on the third floor of th

oli um which i d vot d almo' com­
pletely to electronic in trum nt and
test equipment.

everal new instrumen will be on
di play, among them:

Slotted Line for Dielectric Measure­
ments - A ncw mod 1 of the popular
,-,,,,11 ml Radio :Iotted lin u('\'c!opcd
particularly for mea, urem ut of die! '­
tric con. tant and di.. ipatioll factor of
solid in. ulating material. pemting at
fr quen 'ie between 200 and ,-000 mega­
cycle., thi line will m('a. UI dielectric
constant betwe n 1 and 10 with an ac­
cumc of appr ximat Iy ± 2o/i, an I dis­
'ipation factors between 0.0001 aDd 0.1
with an accuracy of ± (57£ + 0.000 I).

Transfer Function Meter - A ne\\'
YHF-1:HF instrument for the dir ct

m a urement of forward and reverse
transfer ftmctions of tran i tors, vacuum
tube and n twork .

Capacitance Bridge - A tran form r
bridge, which mea. urI' dir c (3-t rmi­
nal) capa itan v r a range of 5 JlJlf

to 0.011 Jlf at 400 rye} . This brid
i fully d crib d I wh re in thi i ue

•

of th Experimenter.

6-Gang Variac~ Autotransformer -
ix TYPE \\'50 \ ariac utotransformer

on a ingl 'haft, rated at 34Y2 I YA.

Other Important Displays inc! ude
Pulse Equipmrnt Laboratory ,tand­
ards \; oltagc Regulators Elcctr meter,
Jmped.anc Brjdgc:, neral Radio Part
and onn ct 1", and a compl te line of
the well-known eneral Radio nit
In trument .

Plan to Visit the GR Booths. You'll
find it worth your while. ur engineer
will b on hand 0 gre t you and to eli ­
cuss your mea urement probl illS.

General Radio Company
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A TRANSFER-FUNCTION METER FOR THE

VHF-UHF RANGE

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

_~~I,

L ~E'E,~S-C

TYPES OF TRANSFER FUNCTIONS

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

A. Open-circuit impedance param­
eters, which are the input and output
impedances, Zll and Z221 and the for­
ward and reverse transimpedances, Z21

and ZIZ.

B. Short-circuit admittance param­
eters, which are the input and output
admittances, Yll and YZ2, and the for­
ward and reverse transadmittances, YZI

and YJ2.
C. Hybrid combinations (such as the

It parameters often used in transistor
work) of impedance, admittance, open­
circuit voltage-ratio, and short-circuit
current-ratio parameters. For conven­
ience, we define symbols to represent
these voltage and current ratios as either
EoI' [ ,,·ith appropriate subscripts, such
as E21 to mean Eold/Ein with output
open-circuited.

1'he ~rransfer-Function Meter can
measure all of these functions.

y" ~I,/E,~Y

Ungrounded, two­
lcrminnl admiua.nce

2Grounded. two­
terminal impedance

The performance of most electrical
devices and circuits can be described by
specifying a tTunsfer function, ,,-hich is
the ratio of an output to an input
quantity, or vice versa. 'I'he "alpha"
and "beta" current ratios of transistors,
the transconductance of vacuum tubes,
the gain 'of amplifiers, and the loss of
attenuators and filters arc common ex­
amples of widely used transfer functions.
The new TYPE 1607-A Transfer-Func­
tion IVlete/ can measure these and many
other transfer functions over the fre­
quency range from 25 :\1c to about
1500 Me. Since grounded or ungrounded
two-terminal impedances can be treated
as four-tcnninal devices,2 they can be
measured as well, with appropriate adap­
tors. Answers, direct reading except for
a multiplying factor, are obtained in
terms of complex components by a null
method. The pbase information provided
by measurement of complex components
is especially valuable at these high fre­
quencies, \\-here effects of transit time,
electrode resonances, and stray capaci­
tances usually dominate the over-all per­
formance of a device.

'I'he Transfer-Function 11eter is a
basic measuring tool, well suited for
laboratory measurements because of its
versatility, accuracy, and wide fre­
quency range. It can also be set up for
rapid, routine, production tests on tran­
sistors, vacuum tubes, amplifiers, or
networks, and a high degree of skill or
knowledge on the part of the operator is
not required. Several specific applica-

10riginally described in a paper l>rcsented at the 1956
IR1:: Annual Convent.ion Ilond subsequently published in
the HIM rRE Convention Record. Part 5. pp. 3-7:
"A TrnJl.iW,dmittance i\Ieler for VI·IF-UHF :\Ief\sure­
ments." by William It. Thurston. Thc name of the
ill8trument has been changed to Trsnsfer-Function :\Ieter
so as to indic.'\te more completely its uses.
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THEORY OF OPERATION

To measure a transfer function of a
network, it is necessary to supply to it
an input driving signal and to measure
the resulting output signal in terms of
the input signal. It is also necessary to
terminate the network output in an open
circuit if the desired output signal is a
voltage, or in a short circuit if the de­
sired output signal is a current. If the
network were terminated otherwise, the
answer obtained would depend on the
network output impedance 01" admit­
tance as well as on its transfer functions

3

and ,,"auld, consequently, be less useful
for general calculations.
~evertheless, there are undoubtedly

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

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

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

In the Transfer-Function Meter there
are three identical loops, as shown in
Figure 1, driven in parallel by an ex­
ternal generator adjusted to the desired
frequency of measurement. The cur­
rents) JL, in all three loops are equal in
magnitude and phase. Each loop is
loosely coupled, through electrostati­
cally shielding slots, to an associated
coaxial line. In Figure I, only the inner
conductors of these lines are shown.
Each loop can be rotated independently
of the others so as to vary its coupling,
or mutual inductance, to its asso­
ciated line. The mutual inductances
are designated MG, 1',1B, and Mx.
The series voltages induced in the three
lines by virtue of the couplings to the
associated loops are: 'Ee = - j willGIL,
E B~ - jwMBh, and Ex = - jwMxh.

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

Input Impedance
II Z II-

3ExalOple: Equivalent circuit wing impedance parameters:

Zero-impedonce
Voltoge Sources

Ell E:=ZI2 12 r..J

Reverse or "f~edback"
Transimpedance

Output Impedance
Z 22 12
~

Load
Impedance

ZL

:Mell.Sllred forward transilllpcdance=

~= 8'2/
1

, =~~ Z21.if ZL» Z22
It t+Z22 1+ Z22

ZL ZL

From cireuit and equations gh'en, it is seen that the

measured tramimpedallce equals the value of Z21 only
if the lond impedance ZL is yery larJ;:e compared to the
network output impedance. Z22" Otherwise the measured
value is in error. and the error can be in phase angle,
magnitude, or a combinntion of both, depending on the
phase angles of ZL and Z22"
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known, standard conductance, Yo (20
millimhos). The characteristic admit­
tance of the coaxial lines and 1"'-YPE

874 Connectors used in the instrument
and associated components is also equal
to 20 millimhos (characteristic imped­
ance, Zo, is 50 ohms). The outer end of
the upper line, called the B line, is
terminated in a known, standard sus­
ceptance of +j Yo at frequencies below
150 Me (adjustable capacitor), ~ jYo
between 150 Mc and 450 Me (adjust-

A
able stub set to 8)' and +jYo above

3A
450 Mc (stub set to 8). The far end of

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

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

The near end of the Network Input
line terminates in a short circuit. The
inner ends of the Band G lines come
together in a junction with two other
lines not previously mentioned, as shown
in Figure 1. One of these latter lines is
connected to an external detector. The
other, which is adjustable in length and
is called the Network Output line, is con­
nected to the output of the network
under test. Its electrical length is al ways
set to equal either an odd or an even
multiple, n2, of a quarter wavelength,
depending on which type transfer func­
tion is to be measured, but not neces­
sarily the same multiple as that to which
the Network Input line is set.

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

Figure 1. Sc:hem(ltic di(lgr(lm of r·f circuits of the Tr(lnsfer·Function Meter.

"B" Line

External
Detector

Network
Under
Test

"Network Input lt Line
length = n,A/4, n = even
or odd integer

Output

"Network Output II Line
length: nZ A/4, nz : even or odd
integer (n, not always equal to n

z
)

External
Oscillator

Gs =20mmho

"­"III----'II\f'v-rl---{

I

=.:::= jBs = ± j 20 mmho
I
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couplings until the external detector
indicates a null condition. At null, the
voltage at the junction of the four coaxial
lines is zero, and the three currents, Ie,
I H, and I x, that en tel' the detector junc­
tion from, respecti,'c1y, the 0, B, and
Network Output lincs, must add up to
zero. These line currents are readily
calculated, because, fol' this purpose,
the zero-voltage condition at the detec­
tal' junction can be considered equiva­
lent to a short circuit. For the purpose
of simplifying the explanation, the
lengths of the Network Input and Net­
work Output lines will first be assumed
to be zero. Lnder these conditions,
E, ~ Ex and I, ~ Ix.

The current, JG, equals the induced
voltage, Ee, times the admittance of
the 0 une, \vhich is the known, standard
conductance, Yo. 'That is,

Ie ~ YoEe = YoC-jwMeh)
~ YoillcC-jwhl

'rhe current, 1H, equals the incluced
voltage, EB , times the admittance of
the 13 line, \\'hich is the known, standard
susceptance, ±jYo. That is,

1H = ±jYoE" = ±jYoC -jwM13hl
~ ±jYoM"C-jwILl

The current, lx, equals the product
of the induced voltage in the Network
Tnplll line, Ex, and the transadmittance
of the network, Y x . 'J'hereforc,

Ix = YxEx ~ YxC-jwJlxhl
~ YxMxC-jwlLl

When the sum of [e, 1H, and Ix is
equated to zero, which is the balance
condition, the common -jwl r• term is
eliminated, and the basic balance equa­
tion for the instrument is obtained:

Yx Me 101H
-~ - ±J­
Yo M x M x

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

izcd because impedances as well as ad­
mittances must be measured. A.s indi­
cated above, the instrument actually
measures the real and imaginary parts
of the normalized transadmittance,
ex B x .Yo and y~, of the network connected

directly between the input and output
terminals of the instrument:

Gx kin
Yo = 111 x

Bx kl/l
Yo = M x

Since the connecting line lengths are
assumed to be zero, Y21 = Yx , 0 21 = Ox,
and B Z1 = B x . 'I'he mutual inductance,
.~lx, is the denominator in both the
above equations and hence is a common
multiplier. The values of the mutual
inductances, Jlfx , "AfG, and AfH, depend
on the angular positions of the loops and
hence call be adjusted from zero to a
maximum value by rotation of the loops.
The angular position of the e loop can
therefore be calibrated directly in nor­
malized transconductance, the Bloop
in normalized transsusccptancc, and the
X loop in a common multiplier. Figure 2
shows these calibrations, which are in­
dependent of frequency and which, by
virtue of the positive and negative
ranges for two of the three loops, allow
measurements to be made in all four
quadrants of the complex plane. The
scale associated with the e loop is labeled
the .\ scale and is calibrated from 0 to
l.5. The scale associated \\·ith the B
loop is labeled the B scale and is cali­
brated from 0 to ± 1.5. The multiplier
is calibrated from ± 1 to infinity.

The assumption of zero length of
lines between the instrument and net­
\\"ork made in the preceding analysis
cannot be realized in practice, since the
effective measurement points are lo-
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cated within the instrument. However,
by the adjustment of the Network Input
and Network Output lines to odd or even
multiples of a quarter \\'avelength, the
instrument can be made to indicate
.directly the transadmittance, transim­
pedance, complex transfer current ratio,
and complex transfer voltage ratio of
networks whose tClminals are not di­
rectly the actual measurement terminals
of the instrument, Each of the above
measurements requires a different set­
ting of the Network Input and A'etwork
Output lines and will be considered in
detail in the following paragraphs,

In the following discussion, the term
"half-wave setting" means that the line
in qUestiOJl is set to an even multiple
of a quartel' wavelength, which is, of
course, always a multiple of a half
wavelength, A half-wave line has the
property of "repeating" at onc end all
voltages, currents, and impedances ap­
pearing at the otber end with 180 de­
grees of phase shift in voltages and cur­
rents for each half wavelength, Simi­
larly, the term l'qual'tcr-wave setti.ng"
means that the line in question is set to
:tn odd multiple of a quarter wavelength,
A quart,er-wave liJ,e has the property of
"inverting" voltages into currents, im­
pedances into admittances, and vice
versa. The reversal of phase which oc­
curs foJ' each added half wavelength
will be ignored, since it does not affect
the basic theory of operation,

Transadmi"ance, Y21 and Y12

The forward transadmittance of a
network with its output terminals short­
circuited is Y21- In order to measure this
parameter, the Network Input and Net­
work Output lines are both adjusted to a
half wavelength, Under these conditions
the output terminals of the net\\'ork
under test are effectively short-circui'.,ed,
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because the half-wave Network Output
line terminates at the detector junction,
which uncleI' null conditions has zero
voltage and can be considered to be a
short ci.rcuit. The half-wave line pro­
duces a similar short circuit at the net­
work terminals and makes /2 = Ix. The
input half-wave line makes E 1 = Ex.
T'herefore,

Y Z1 ~ IdEl = I xlEx ~ Y x = A + jB
Yo Yo Yo Yo

where A and Bare tbe A and B scale
readings.

As previously shown, the instrument
directly measures the normalized, real
and imaginary components of Y x , and
from the above equation it is eyident

, " G21 BZl
that It also mdiCates V;; and V;;-'

The revcrse transadmittance, Y 12 ,

can be mcasured by the same procedure
as indicated for the forward transad­
mittance but with the input and output
connections of the network interchanged.

Transimpedance, Z21 and Z12

'fhe forward transimpedance of a net­
work with its output terminals open­
circuited is Z21. In order to measure this
parameter, the Network Input and Net­
work Oulput lines are both adjusted to a

Figunt 2. Dial calibrations of Transfer-Function
MeIer.
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B scale.
Heverse tl'ansimpedance, Z12, is meas­

ured in a similar manncr with the input
and output network connections re­
\·ersed.

Transfer Current Ratio, ",n and '12
The forward transfer current ratio of

a network \\-ith its output terminals
short-circuited is 121 . For this measure­
men t the Network Output Iine is ad­
justed te a half wavelength and the Nee­
work Input line to a quarter wavelength.
The output terminals of the network
under test ar-e effectively short-circuited,
because the half-\\"ave Network Output
line "repeats" the equivalent short
circuit at the detector junction as a
short circuit at the network. The half­
wave line also makes 12 = Ix. The

quarter wavelength. Under these con­
ditions the output terminals of the net­
\york under test are effectively open­
circuited, because the quarter-wave Net­
work Output line inverts the equivalent
short circuit at the detector junction
into an open circuit at the network. Also,
the output quarter-wave line Hinverts"
the voltage E2 into a constant times the
current Ix, and the input quarter-wave
line "il1\"erts" the voltage Ex into a
constant times the current I,. It can be
shmm that

Z2' EdI, Ix/Ex .
-=--=-- =A +JB
Zo Zo Yo

where Zo is the characteristic imp~dance
of the coaxial lines, 50 ohms. Thus the
instrument reads directly the normal­
ized transimpedance of the network
under test. The readings are in terms of
the normalized network transresistancc,
R21
Zo' read on the A scalc, and the nor-

malized transreactance,
X21

Z
-, read on thc
~o

quarter-wave Network Input line makes

E jI,
x = Yo· Therefore,

I, jYx
12 , = - = - = B + jA

I, Yo

Thus the instrument reads directly the
real and imaginary components of the
complex transfer current ratio of the
ne1\\'ork. The Hj" term in the above equa­
tion interchanges the real and imagi­
nary scales.

The reverse transfer current ratio, 112 ,

can be measured by reversing the input
and output connections to the network.

Transfer Voltage Ratio, E21 and En

The forward transfer voltage ratio,
E21 , is measured with the network out­
put terminals open-circuited. In this
case the Network Output line is adjusted
to a quarter wavelength and the Jllet­
work Input line to a half wa\'elength
The ou tpu t terminals of the network
are effectively open-circuited because
the quarter-wave Network Output line
"inverts" the equivalent short circuit
at the detector junction into an open
circuit at the network. Also, because of
the quarter-wa\-e Network Output line,

jlx
E2 = Yo' and because of the half-\\"ave

Network Input linc, E. = Ex. Therefore,

E2 jYx
E2I = E, ~ v.;- = B + jA

Here again, the instrument indicates the
complex open-circuit transfer voltage
ratio of the network under test \\-it.h the
real and imaginary component scales
interchanged from those used for trans­
admittance measurements because of
the ''j'' term in the above cquation.

Reverse transfer voltage ratio, E I2 ,

can be measured by revcrsing the input
and output connections to thc network.
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PHYSICAL DESCRIPTION

The physical arrangement of the parts
of the Transfer-Function Meter corre­
sponds closely to that shown in the sche­
matic of Figure 1 and is illustrated
further in Figure 3, in which the cover
of the instrument has been removed and
the coupling-loop assembly dismounted.
At the left in Figure 3 can be seen the
main junction block, in which coupling
slots are cut into the coaxial lines within
the block. When in place, each of the
three loops in the coupling-loop assembly
is centered over its respective slots and is
coupled magnetically to the correspond­
ing line. The Network Input and Network
Output lines are of the eonstant-imped­
anc~, "trombone" type, driven inde­
pendently by separate, rack-and-pinion
drives having accurately calibrated seales
to indicate total cf-TecLivc line lengths
directly in eIn. The lines are provided
with locking sleeves to prevent aCCI­
den tal changes during prolonged work
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at a single frequency. All these parts are
mounted on a heavy aluminum base plate.

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

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

Figure 3. The Transfer-Function Meier ptlrtiolly distlssembled to show details of design and construction.

SUSCEPTANCE
STANDARD

OUTPUT BIAS
TERMINALS

LOOP
I CONTROLLARMS

INPUT BIAS
TERMINALS

NETWORK
INPUT LINE

NETWORK UNDER TEST
INPUT TERMINAL

NETWORK UNDER TEST
·"~~nl TPUT TERMINAL

RANGE EXTENSION
UNIT MOUNTING

HOLES

SUPPORT BRACKET
UNIT MOUNTING

HOLE

1
OUTPUT LINE

CONTROL KNOB

INPUT LINE
CONTRelL KNOB
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put and tuned to reject the local-oscil­
lator frequency. Tills stub is supported
horizontally behind the base plate of
the instrument.

In measurements on active networks,
d-c voltages or currents must be sup­
plied without affecting the r-f circuits.
In the Transfer-Function l\1eter, pro­
visions are included for applying de to
both the input and the output of the
network under test. The bindlng posts
for connection to c:xternal power sup­
plies are vis.ible in Figure 3, and the
internal filters and blocking capacitors
are shown schematically in Figure 4.
Built-in blocking capacitors isolate the
measuremen t stanc1'U'ds, the external de­
tector, and the short circuit on the Net­
work Input line. Filter networks, each
comprising two chokes and t\yO by-pass
capacitors, aUow iJlscrtion of cI-c volt­
ages and CWTents an.cI prcvent r-f leak­
agc, Choke and capacitor ratings limit
cuncnts to 100 milliamperes and volt­
ages to 400 volts. The loading eHect of
the input fLlter on the Network Input line
is negligible, because of its proxim'ity to
the short-circuited end of the line. The

Network
Output Bias

Terminol

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

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

Generator and Detector

General Radio Unit Oscillators are
recommended for use as generators with
the Transfer-Function l\!Ieter. The rec­
ommended detector is the General Radio
Typ>; DI\T, a hctel'Odyne type that
combines high sensitivity with wide he­
qUP.JH':y range. Both generators and de­
tectors are listed on pages 15 and 16.

"Network Input" Line
"IIH'>---~----'-------'-----.::..c..:...,-,--".c.:.::,,

BIOC~9 C

BS

Blocking C's"'--
(

'1I1f------wv-)
G

S

Fllte r
Network

Filter
Network

A E""OOI
Defector

...., """
BlockiAg C

Network
Input Bias
Terminal

Figure 4. Schematic
diagram of d-c cir­
cuits of the TrClnsfer-

Function Meter.

"Network Output"
Line ~_./

In pu t

Output

Network.
Under
Test
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MEASUREMENT PROCEDURE

The equipment is set up by connect­
ing generator, detel.1;or, and d-c sup­
plies, if needed) to the Transfer-Func­
Lion Metol', and making the necessary
adjustments for desired operating fre­
quency and d-c levels. 'l'ho calibrated
susceptance standard is also set to the
operating frequency.

If isolation of the 10eaJ-oseiliator
signal is desirable, as in measurements
on transistors, the "trap" stub is in­
cluded in the setup and is adjusted for
ma.ximum attenuation of the local­
oscillator voltage.

Next, the Network Input and Network
Output lines arc sct to the proper length,
in accordance with the type of transfer
function to be measured. An appropri­
ate component mount is plugged into
the Network (;nder 'Pest connectors, and
the lUlknown device or network is
plugged into the mount. The tJu-ee loop­
control arms are then adjusted until the
detector indicates a null, and the de­
sired answer is read directly £.rom the
scale settings.

If several units of the same type are
to be checked at a given frequency, as in
the case of production testing of tran­
sislors or tubes, each wlit successively
is plugged into the mount (WitJl due pre-
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cautions regarding the d-e supplies), the
control arms arc set fol' a null, and the
answer is rcad off the scales. This opera­
tion can be performed very rapidly by
relatively unskilled personnel.

Terminals

The terminals used on the Transfer­
Function l\1eter are TYPE 874 Coaxial
Connectors. Gcneral Radio oscillators
and detectors are also cquipped with
these terminals. "'hen generators and
detectors having other types of terminals
are used, the TYPE 874-Q series of
adaptors pmvides a convenient means
of connection.

For most types of measurcmcnt, suit­
able mounts must be constructed (see
Transistor Measurements, below) to
connect the device being measured to
the measuring terminals. TYPI;; 874
Coa.-.;:i.al Connectors to fit rigiclline, panel,
and cable are available for building into
these mounts.

Both adaptors and connectors are
listed on page IG.

Sources of Error

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

Figure S. View showing RClnge b:tension Unit C1nd low-frequency susceptClnce stClndard.
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A.

s

those in the TYPE 1602-B Admittance
Mete/' S and are spurious cross-cou­
plings between the coupling loops and
their associated lines, inductances be­
tween the junction center and the
coupling points, incidental losses in the
susceptan ce standard, and small re­
flections in the conductance standard.

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

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

APPlICATlONS
Transistor Measurements

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

1.' I " • ZII Zoo Z22 10 ' 12, ,- -
v, • " 1 ,

0 ' ' lvo
",12 ZI2

OPEN-CIRCUIT IMPEDANCE PARAMETERS

SHORT-CIRCUIT ADMITTANCE PARAMETERS

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

The high-frequency performance of
a transistor or any other component can
be greatly affected by the arrangement
of the leads used to connect the elemen t
in a CiI'Cuit. Therefore, for reproducible
results, the mount used to connect the
transistor to the measuremen t Cil'Cuit
must be standardized and must permit
short leads. In a typical experimental
transistor mount, the leads are con­
nected to the measuring elements at a
point al;:)Qut 732 f1 away from the case.
This arrangement probably is reasonably
close to that used in most practical
high-frequency transistor circuits.

For measurement of the complex cur­
rent ratios, a (01' -hi), the Network
Input line is set to a quarter wave­
length and the Network Output line to a
half wavelength, as outlined in a previous
paragmph. The local-oscillator trap is
adjusted, with interchange of the gen­
erator and detector connections, by
adjustment of the stub line until mini­
mum output is observed on the meter of
the detector. The normal connections
are restored and the transistor mount
plugged into the coaxial connectors on
the panel of the instrument. The meter
is then balanced by adjustment of the
"Thurston. 'V. R .. "A Direct-Heading Impedance-l\'Ieas­
urin/!: Instrument for the UHF Range." General Radio
Exptrimcnler. 1\Iay. 1950.
sSoderman. R. A., "Improved Accuraoy and Conveniencl."
of l\Ieasurements with Type 1602-B Admittance Meter
in VHF and UHF Bands," General Rudio Experimenter,
August, 1953.

v " 1' ,

Figure 6. EquivCJlent network representCJtions of trCJn­
sistors. Left-hCJnd set of symbols is from "IRE
StondCJrds on Electron Devices; Methods of Testing
TrCJnsistors," Proc. IRE, Vol. 44, pp. 1542-1561,
November, 1956. Right-hand set of symbols corre-

sponds to those of this CJrticie.

c. HYBRID PARAMETERS
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the coaxial-line connections between the
grounded-base mount and the instru­
ment, which is accomplished by 1800

rotation of the mowlt, reversal of the

.,
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Figure 7. Piol of olpho
versus frequency for
an experimental high­
frequency transistor
lupplied by Bell Tele­

phone Laboratories.

thrcc arms, and
the real and im­
aginary compo­
nents of the CUI'­

rent ratio arc in­
<licated directly
on the dial scales.
The a-vs.-fl'e­
quency charac­
teristics of an ex­
perimental, Bell
Telephone Lab­
oratories, dif­
fused-base, ger­
manium transis­
tor in a grounded-base connection are
shown in Figure 7.

The bybrid feedback factor, h.( = E I ,),

can be easily measured by reversal of

Figure 8. Tronsadmittonce versus frequency for 0 gl"Ounded.colhode 6AF4 yocU'Um tube.
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Figure 9. Forward transfer current ratio versus fre·
quency for a Type 874-Gl0 Attenuator Pod.
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Figure 10. Forward transadmittance ver$us frequency
for a Type 874-Gl0 Attenuator Pad.

d-c connections, and use of the pro­
cedurc outlincd for \·oltage-ratio meas­
urements. Undcr these conditions the
input is applied to the collector and the
output is obtaincd from the emitter.

Tube Measurements

The high-frcquency, complex, for­
ward and reverse tl'ansadmittances of
vacuum tubcs can also be easily meas­
ured under dynamic conditions ,vith the
Transfer-FUllction Meter. D-C plate and
bias voltages can be applied to the input

"

and output terminals in the same man­
ner as with transistors. Filters must be
proyidcd in the tube mount for heater
and screen voltages. However, these
filters arC' not so critical as are the filters
associated with the input and output
circuits. As with transistors, the mount
must be carefully designed in order to
give significant and reproducible results.
The measured tl'ansadmittance of a
6AF4 in the grounded-cathode connec­
tion is plott.cd in Figure 8. The effective
transadmittance first incrcases with fre­
quency, apparently as a result of a
resonance between the grid-cathode
capacitance and cathode-lead induct­
ance. At higher frequencies, other reso­
nances are apparent, the largest one of
which is probably a result of the grid­
plate capacitance and plate lead induct­
ance resonance. The large values of
transadmittance shown do not result in
correspondingly large magnitudes of
gain when this tube is used in an ampli­
fier, since the input impedance decreases
rapidly as the resonances are ap­
proached.
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Figure 11. AdmiHance versus frequency for a
O.l-michrohenry inductor.
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Coaxial-Component Measurements

The Transfer-Function Meter can
measCtre the transfer admittance or im­
pedance and attenuation of circuits
fitted with coaxial connectors. Figure 9
shows the results of short-circuit, cur­
rent-ratio measurements made on a
TYPE 874-GlO Attcnuator Pad, and
Figure 10 shows transadmittancc of the
same pad. Othcr possible applications
are fo!' filters, coupling networks, ampli­
fiers, and other four-terminal coaxial
devices.

Lumped-Component Measurements

The direct, admittance between the
two ungrounded terminals of a circuit

MARCH,1958

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

-YV. R. TIIURSTON

R. A. SODERMAN

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

Measurement Ranges and Accuracy:
Range Accuracy
Voltagc and Current

Ratios (R) O~30 2.5 (1+ YR)%+O.025

Transimpedancc (Zzt) ~
0-1500" 2.5 (1+\I~)%+1.25"

Transadrnittance
(y" ) Ijl';;l
0-600 rnrnhos 2.5 (1 +'/'---20)%+0.5 rnmho

D-C Bias: Terminals are provided for introducing
d-c bias from external sources. lvla..:dmum bias

Type

current, 100 rna; maximum bias voltage, 400
volts.
Generator and Detector: Unit Oscillators and TYPE
DKT Detectors (see list below) are recom­
mended.
Other Accessories Available:

TYl'E 1607-PlOl Transistor Mount for
JETEC·30 base arrangement, grounded basco
Typ~ 1607-P20l Tube i\lount, 7-Pin :\finiature
grounded-cathode, for 6AF4, 6AF4A, and
other tubes with same connections.
Case: The instrument, with accessories, is
mounted in a wooden carrying and storage case
11!4 x 1472" x 40 inches.
Net Weight: 63 pounds.

Code Word Price

1607-A
1607-P101
1607-P201 I

Transfer-Function Meter .......••....•....•.•.. ·1
Transistor Mount ..............•....•....•.....
Tube Mount ..........................•..•.•..•

GENERATORS'

IIYlHtA I $1525.00
Price on Request
Price on Request

Type Frequency Ranqe

1211-B 0.5- SOMe .
121S-B SO- 2S0Mc .
1209-BL 180- 600 Me ......•......
1209·B 250 - 920 Me ......•....•.
1218-A 900 - 2000 Me .....•...•..

"'Require power supply below.

Code Word

ATLAS
ADOPT
ADMIT
Al\HSS
CARRY

Price

$275.00
190.00
245.00
245.00
465.00

POWER SUPPLY'
'Type Code Word Price

1203·B IUnregulated ········1 ALIVE $40.00
1201-A Regulated. . . . . . . . . . ASSET 85.00

"'Plug-in type; supplies power to anyone of the above oscillators.
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Price
DETECTORS

Frequency Range* Code WordType

DNT-l 40- 530Me... NAI..TO $626.00
DNT-2 40- 280 Mc... NlmVO 606.00
DNT-3 220 - 950 Me. . • NULLO 659.00
DNT-4 870-2030 Me... NODDO 879.00

*Fundamental range. To cover a wider range than that listed for anyone detector, harmonics
of the local oscillator can be used. Thus TYPE DNT-2 will cover frequencies up to 1120 Me if
harmonics up to the 4th are used. Fundamental sensitivity is about 5 }tV; 4th harmonic sensi­
tivity, about 20}tv. For this wide range, order also one Typg 874-FlOOOLow Pass Filtel', pl'iceS14.00.

Another solution is to use the TYPE DNT-2 with an additional TYl'E 1209-13 Unit Oscillator
(see Generators, above) and the TYPE 874-F1000 Filter. This covers the range with fundamental
operation, which is, in general, more satisfactory. Harmonic operation is not recommended for
measurement of active networks. Below 40 Mc, use a communications receiver.

Type Fits Code Word Price

COAXIAL ADAPTORS

Types OBJ and OBP

Adaptors are also available

874-0BJ
874-0BP
874-QCJ
874-QCP
874-0NJ
874-0NP
874-0UJ
874-0UP
874-0HJ
874-QHP
874-QLJ
874-0LP

for connection

BNC Plug 'r' COAXllOGGER
BNC Jack........ COAXUUNNER
C Plug. . .• . . . • . . . COAXCOGGER
C Jack........... COAXCUFFE:R
N Plug........... COAX"AGGEH
N Jack........... COAXNU'I"I'I~lt

UHF Plug. . . . . . .. COAXYUNDEH
UHF Jack. . . . . . . . COAXYUPPER
HN Plug......... COAXHAWSE:n

HN Jack.. COAXHANGER
LC Plug. . . . . . . . . . COAXLITTER
LC Jack.......... CO,\XLUGGEI{

to rigid air-dielectric lines.

$4.75
4.75
4.75
6.25
3.75
4.50
4.00
4.25
6.50
6.50

19.50
30.00

COAXIAL CONNECTORS

Type 874-PB
Panel

Connector

Type 874-B
Basic

Connector,
disassembled

$1.25
2.90

PriceCode Word

COAXBRIDGE I
COAXAI'PLER

874-B jBasic Connector I
874-PB Panel Connector

BASIC CONNECTOR

The basic connector fits rigid, 50-ohm,
air-dielectric coaxial line; %" OD and
9-16" ID for outer conductor; 0.244" rod
for inner conductor.

Type

PANEL CONNECTOR

The panel connector mounts with a
flange and is available with rear fittings
for commonly used RG-type cables. See
the General Radio catalog for details.
Connector listed below fits GR TYPE

874-A2 Cable, only.

CREDITS
The authors wish to express appreciation for Thomas of the Bell Telephone Laboratories,

the many helpful suggestions and other con- and Mr. R. Wohl, Mr. S. Friedman, Mr. M.
tribl'.ltions of many individuals dming the de- Zimet, and !vfr. D. Youla of the Material
vclopment of the Transfer-Function Meter, Laboratory, New York Naval Shipyard.
including Dr. J. M. Early and Mr. D. E.
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General Radio sweep
drives make passible the
display af data an an ascii­
loscope or a recorder over
wide ranges of frequency.
The phatagraph shows a
General Radia Unit Oscil­
lator with sweep drive, used
to display the characteristic
of a 185-Mc low pass filter
on a two-axis plotter. The
resulting plot, covering fre­
quencies from 50 to 240
Me, is shown in the inset.
The horizontal and vertical
coordinate lines are drawn
by the platter pen to cor­
respond to the calibration
of oscillator frequency dial
and detector output.

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

GENERAL RADIO COMPANY
275 Massachusetts Avenue, Cambridge 39, Mass.

Telephone: TRowbridge 6-4400

NEW YORK: Broad Avenue at linden, Ridgefield, New Jeney
Telephone - N. Y., WOrth 4-2722

N. J., WHitney 3-3140
CHICAGO: 6605 West North Avenue, Oak Pa,k, Illinois

Telephone - Village 8·9400
PHILADelPHIA: 1150 York Road, Abington, Pennsylvania

Telephone - HAncock 4.7419
WASHINGTON: 8055 13th St., Silver Spring, Maryland

Te/ephone- JUniper 5-1088
LOS ANGelES: 1000 North Seward St., Los Angeles 38, Calif.

Telephone - HOllywaod 9-6201
SAN FRANCISCO: 1182 Los Altos Ave., Los Altos, Calif.

Telephone - WHitecliff 8-8233
CANADA: 99 Floral Parkway, Toronlo IS, Ontario

Telephone CHerry 6·2171

REPAIR SERVICES

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

Telephane- Concord, EMerson 9-4400
lincoln, Clearwater 9·8900

MIDWEST: General Radio Co., Service Dept., 6605 West North
Ave., Oak Park, Illinois

Telephone- VI/lage 8·9400
WEST COAST: Western Instrument Co., 826 North Victory Boule-

vard, Burbank, Calif.
Telephone - Victoria 9-3013

CANADA: Bayly Engineering, ltd., First St., Ajax, Onlario
Telephone - Toronto EMpire 8·6866



3 APRIL, 1958

NEW BROADCAST MONITORS ADD CONVENIENCE
IN OPERATION AND MAINTENANCE

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

The General Radio TYPE 1184-A
Television Station Monitor' was the
fu'st tangible recognition of the 'c re­
quirements by a test-equipment man­
ufacturer. This modern instrument,
which has been type-approved by the
Federal Communications Commission,2
is designed for convenient access to all
parts from the front of it rack while
still in operation, and it has signal-flow
lines printed on its chassis and color­
coded adjustments for simple and rapid
trouble shooting.

These same fcatures have now been
incorporated in the new models of the
TYPE 1181 Frequency Deviation Mon­
itor and the TYPE 1931 Modulation
Monitor. At the same time, the extel'11al-

lCady. C. A., "New Television Transmitter :'\lonitor."
General Radio Experimenter, Yol. 31, Ko. 4. D~ptember,

1956, pp. 1-10,

'See page 9,

Figure 2. Type 1181-8 Frequency Devialion Monilor
pulled forward and lilted 10 give access 10 chassis.

meter circuits have been modified to
permit thc use of long telephone lines
between the monitor and the cxternal
meter in remote monitoring applications.

Accessibility of cha is and compo­
nents from the front of the rack is il­
lustrated in Figure 1, which shows the
TYPE 1931-B Amplitude Modulation
Monitor pulled forward on its slides and
then tilted to expose the underside of

•
the chassis. The TYPE 1181-B'Frequency
Deviation Monitor is mounted in the
same manner, as shown in Figme 2.
Every operation - initial installation,
operation, and maintenance - can be
done from the front of the rack. Note

•

that, for both instruments, as the as-
sembly is drawn fOf\mrd, the dust cover
remains firmlv attached to the rack.

•

All pO\\'er and other connections remain
connected during these manipulations.

Figure 1. (Left) Type 1931-8 Amplitude Modulation Monilor pulled forward on its slides. (Right) Tilled 10 expose
underside of chassis .

.~------
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Figure 3. Circuit for external meter connections.

MONITOR
PANEL
METER

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

Type 1181-8T Color Subcarrier Monitor
3.579545 Mc

The Color Subcarrier Monitor use
circuits identical with those in the
standard broadcast model, but the
quartz crystal is operated at a very 10\\'

oscillation amplitude in order to achieve
maximum long-term stability.

In color-TV transmitters, the stand­
ard color-subcarrier-frequency signal of
3..579545 Mc is needed at any location
where a color program originates, whether
"live" or film. It is usually generated by
an oscillator at that location, generally
at or near a studio rather than at the

\-OLTAGE fROM
TRANSMITTER

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

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

lftll.f

FREOl£NCY
R-F f.t .0. , QAMPL.IFIER I

METER

MlxEA
,OOO~

: llJ

'·F H A-F
AMPLIFIER ftlOOO- ,AMPLlFI£R AMPLIFIER

1.11000 ....

STANDARO- PEAj(-
"QUARF WAvErCLIPPINGFREQUENCY 1000.... ::.0. I

OSCILLATOR AMPLIFIER

REMOTE
MONITOR
METER

RES.· RM

IN Jf TRIM:
I
I

~UT :
~ :

1
I TOTAL RES,I

[)'+
5K I

• RLINE : "~I

I I

TO METER I I

(RM+ RUNE +RTRIM = 5K.n.)DRIVING CIRCUIT

TRANSMITTER SITE LEASED
R IPHONE LINES I STUDIO

The new circuit for external meter
connections permits the external loop
resistance to be as high as 5000 ohms.
A switch is provided at the rear of the
monitor to disconnect the external meter
and connecting lines and to substitute
an internal 5000-ohm resistor, in \yhich
event the monitor functions independ­
ently of external connections. This fea­
ture aids in isolating allY suspected dif­
ficulties in the external circuits. The
circui t is shown in Figure 3.

Type 1181-8 Frequency Deviation .

Monitor 0.5 to 1.6 Mc

This model, which supersedes the
TYPE] 181-A, is designed for use in the
standard broadcast band, where, al­
though the FCC requirements on trans­
mitter stability are ± 20 cycles per
second, transmitter frequencies must, as
a practical matter, be held to a very few
cycles. The crystal oscillator, tempera­
ture control, and other circuits are
similar to those used in the A-model,
and their stability and general relia­
bility have been proved in over 1700
installations in all parts of the U. S. and
Canada, and in countries overseas. The
block diagram of Figme 4 illustrates the
principle of operation.

FREQUENCY DEVIATION MONITORS

Three models of the TYPE 1181 Fre­
quency Deviation Monitor are now avail­
able, each designed for a specific type
of service.
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stability of one cycle per month 01' five
cycles per year obviates the necessity of
frequency checks against an external
source, while its price is less than half that
of most counter-type frequency meters.

This monitor is intended for operation
at the single frequency of 3.5795-105 Mc
only and can be used only with an un­
modulated signal input.

Type 1181-BH Frequency Deviation
Monitor 1.6 to 15 Mc

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

Figure 5. Panel view of the frequency deviation
monitor.

General Construction

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

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

•

Figure 6. Monitor with dress

panel removed giving access to

adiustments and controls. Circles

around aiustments are color cod-

ing marks.

••

~
I

•

(I
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•

Figure 7. View of a portion of the chassis showing
signal flow lines.

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

The inside face of the removable front
panel carries a block diagram and con­
densed operating instructions, which,
together with the signal-flow lines on
the chassis, make frequent reference to
the instruction book unnecessary either
for operation or for maintenance. A por­
tion of this marking is shown in the
rear of Figure 7. All test points are
clearly labeled, and adjustments are
coded red, yellow, or green, according
to their degree of importance. Thus
RED means "STOP - do not change
this setting without first consulting in­
struction book" YELLOW means
"CAUTION - some external equip­
ment (voltmeter, 0 cilloscope) is re­
quired to set." GREEN means "GO­
can easily be set without the use of ex­
ternal test equipment."

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

1-5V4-G
1-6B4-G
1- OC3/VRI05
1-2050

SPECIFICATIONS, TYPE 1181-B
cycles, readaele to one Coupling to TransmiHer: A few inches of wire

serving as an antenna arc usually sufficient.
A minimum of 50 millivolts is required into
a high-impedance grid circuit.
Accessories Supplied: Quartz crystal, 2 CAP-35
Power Cords, spare fuses, and plug for con­
necting an external meter.
Remote Indicator: External' meter for local or
remote deviation indication can be connected.
Maximum extprnal loop resistance: 5 Kfl.
Power Supply: 105 to 125 (or 210 to 250 volts),
50 to 60 cycles.
Power Input: 25 watts for heater circuits, 100
watts for monitor circuits.
Mounting: 19-inch relay-rack panel.
Panel Finish: Standard General Radio black
crackle. Certain standard fini hcs which can
bc processed in quantity can al'o be supplied.
Dimensions: Panel (length) 19 x (height) 15%:
inches. D('pth b('hind panel, 13 inches.
Net Weight: 51 pounds.

3-6SJ7
2-6AC7
2-6H6
2-6SQ7-GT

Deviation Range: ± 30
cycle.

Carrier Frequency Range: 500 to 1600 kc.

Accuracy: When received, within ± 5 parts per
million. An adj ustment is llrovided to bring the
reading into agreement with monitoring station
measurements.
Stability: Better than one part in a million
under normal operating conditions for 6 months
after an initial aging period. Adjustments arc
provided to correct the indicated frequency in
terms of standard-frequency transmissions
whenever necessary.
Quartz Crystal: TYPE 376-T.
Tube Complement:

RF Sensitivity: .05 to 2.0 volts unmodulatC'c! r-f
input.

cable and plugCoupling to Transmiller: Shidc!('d
provic!pc! .

SPECIFICATIONS, TYPE 1181-BT
Same as for TYPE 1181-B except as specified Quortz Crystal: General Radio TYPE 376-R.
helow:
Input Frequency: 3.579545 m('gacycles; unmodu­
lated.
Frequency Stobility: ± one cycle pN s('cond for
30 clays; ± 5 cycles for on(' year.
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SPECIFICATIONS, TYPE 1181-BH
arne as for 11 I-B. except as noted below: lated or unmodulatRd.

F • 1 6 - 15 Me 5 - 15 Me, 0.4 - 3.0 volts, modu-
requency... lated or unmodulated.

Frequency Stability: ± 1 ppm for 30 days, or Quartz Crystal: General Radio TYPE 376-R.
better; ± 5 ppm for 1 year. Coupling to TransmiHer: 'hielded cable and plug
R-F Input: 1.6 - 5 Me, 0.1 - 2.5 volts. modu- provided.

Type Code Word Price

1181-8
1181-8T
1181-8H

Frequency Deviation Monitor .
Color Subcarrier Monitor .
Frequency Deviation Monitor .

MALAY
MAJOR
~IADAM

$1025.00
1025.00
1025.00

U.S. Patents 2.298.177 and 2.362.503. Licensed under patents of Radio Corporation of .\merica and Dr. G. W. Pierce.

TYPE 1931-8 AMPLITUDE MODU LATION MONITOR
The TYPE 1931 Amplitude Modula­

tion Monitor, like the TYPE 1181 Fre­
quency Deviation Monitor, is a General
Radio development and has become an
industry standard. The principle of
operation is shown in Figme 8. Per-cent
modulation is indicated continuou lyon
a panel meter, and a warning lamp glows
whenever modulation percen tage exceeds
a level set by means Qf a calibrated dial.

The audio-frequency envelope of the
modulation wave form is available at
a pair of terminals for operatin/l, the
TYPE 1932-A Distortion and Xoise
:\1eter. A 600-ohm program-monitoring
output is also provided.

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

Constructional features of the modu­
lation monitor are identical with those
of the frequency deviation monitor and

•
are clearly shown in Figures 1, 8, 9,
and 10.

SPECIFICATIONS
Range: Modulation percentage, 0 to 110%. megacycles or 3 to 60 megacycle's) is supplied
indicated by meter on positive peaks, 0 to 100 0 with each instrument, ullie s both sets are
on negative peaks. The flashing lamp i ad- specifically ord('red.
j u table to operate from 0 to 100% on negative Carrier-Frequency Input Impedance: About 75 ohms
peaks. in the broadcast hand, increasing slightly at
Carrier-Frequency Range: The monitor will oper- higher car~ier frequ?Jwies and varying some­
ate at any canier frequency from 0.5 to 60 what WIth IJlput tunll1g.
megacycles. A single set of coils (either 0.5 to 8 Accuracy: The over-all accuracy of measure-

Figure 8. Functional schematic of the amplitude modulation monitor.

V2 V3 .,..-.... MODULATION
AMP f-eo-lRECTIFIER I----o~ METER

VTVM
+ -

V5 V6 OVER-
L-"';' _--"'---t~BIASEDI----lTHYRATRON I-~:e> MODULATION

, AMP LAMP
(

R-F h.+-i ,... ~------------=---=-~O~ TO EXTERNAL
FILTER r AUDIO DaN METER

OVER-MODULATION V4 OUTPUlS (100 Kn)
PEAK DIAL

AMP 1----o~--4S02J TO 600-0HM
'--_-' MONITORING

LINE

CARRIER
METER

VI L-S

L~D~UAQLD:~1 R-FDIODE FILTER

SET
CARRIER

O\----..;

R-F
INPUT
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Figure 9. Panel view af the amplitude modulation monitor.

8

,

ment at 400 cycles is ±2% of full scale at 0%
and 100%, and ±4% of full scale at any other
modulation percentage.
Detector Linearity: The distortion in the diode
detector is very low for frequencies up to 7500
cycles. Above this frequency, a small amount
of negative-peak clipping occurs, reaching 5%
at the extreme high end of the audio range at
15,000 cycles and 100% modulation.
R-F Power: In the broadca.st range the maxi­
mum r-f power requirement is about 0.5 watt.
Tube Complement: The following tubes arc used:

2 - 6SN7-GT 1 - 2050
2 - 6SJ7 2 - OD3
1 - 6AL5 1 - 6X5GT

Warning Lamp Circuit: The OVERMODULA­
'fION lamp will flash whenever the negative
modulation peaks exce d the ~etting of the
MODULATION PEAKS dial by 2% or more
modulation, for audio frequencies between 30
and 7500 cycles. For higher audio frequencies,

the percentage overmodulation required to
flash the lamp increases slightly.

The accuracy of the dial calibration is ±2%
of full scalc.
Meter Circuit: The response of the PERCENT­
AGE MODULATION meter circuit is flat,
within ±0.25·db, betwecn 50 and 15,000 cycles,
and within ±0.1 db between 100 and 10,000
cycles.

Either positive or negative modulation peaks
may be read. Calibration in db below 100%
modulation is provided.

The meter dynamic charaeteri tic meets
FCC specifications for modulation monitors.

Audio Monitoring Output: The audio output am­
plifier is l1at, within ± 1.0 db, from 30 to 45,000
cycles. The internal impedance is 600 ohms.
Distortion is les~ than 0.2%. Open-circuit out­
put voltage is about 300 millivolts.
Fidelity-Measuring Output: Flat within ± 1.0 db
between 30-30,000 cycles with TYPE 1392-A

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

flow lines.
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Distortion and Noise Meter connected. Distor­
tion less than 0.1 %.

Output level varies inversely with setting of
MOD LATION PEAKS dial, thus providing
reasonably uniform input to distortion meter
at all modulation levels. Av('rage output level,
approximately 1.5 volts.

Residual noi e and hum level will not exceed
-so db.
Auxiliary Output: A multipoint connector at the
rear of the instrument provid('s a means of
connecting:

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

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

3. The TYPE 1932-A Distortion and Noise
Meter.

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

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

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

Panel Finishes: Standard General Radio black
craekk Certain tandard grays which can be
proc('ssed in quantity can al 0 he supplied.

Dimensions: Pun('l (l('n~h) 19 x (height) 8%
inches. Depth behind panel, 10 inches.

Net Weight: 32% pounds.

Type Code Word Price

1931-8*
1931-8*
1931-P5
1931-P6
FRI-510

Modulation Monitor, 0.5 to 8 Me .......•...••.••
Modulation Monitor, 3 to 60 Me .
Extra Tuning Coils, 0.5 to 8 Me .
Extra Tuning Coils, 3 to 60 Me .•................
End Frames .

TARRY
TOPIC
TABBY
TOTEM
ENDFRAlIlEAT

$625.00
625.00

23.00
23.00
13.00 pair

·U. S. Patent 2,298,177.

FCC TYPE APPROVAL FOR GENERAL RADIO
TELEVISION TRANSMITTER MONITORS

The Federal Communications Com­
mi ion has is ued type appro\'al under
Part 3 of the Commission's rules for the
General Radio TYPE 1184-A-A Tele­
vision Transmitter Monitor. The ap-

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

There are some TYPE 1184-A Monitors
now in service that differ from the ap-
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Panel view of the Type
1184-A-A Television Trans­

miHer Monitor.

proved TYPE 1184-A-A in two minor
respects, both easily changed in the field
without interrupting operation. A bake­
lite disc in the overmodulation-warning
lamp is to be removed.. so as to make the
light brighter, and a "M check" push
button is to be installed in order to
allow a quick check of over-all operation.

The Commission has also issued type
approval for the older TYPE 1183-T-A
Television Transmitter Monitor. The
approval covers operation on VHF and
UHF channels below 800 Me, "'hich
covers all monitors now in service, and
the FCC type approval number is 3-104.

The exjsting TYPES 1183- T1, -T2, and
T3 Monitors now in service differ from
the approved TYPE 1183-T-A in the
same two respects described above for
the TYPE 1184.

We will supply, on request and at no
charge, jnstructions and all necessary
material for making the changes on all
TYPE 1184-A and 1183-Tl, -T2, and -T3

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

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

The older TYPE 1183-T Monitor was
designed before precision-offset opera­
tion, color transmission, and the current
FCC rules were in effect. The fact that
it has been granted approval tmder the
current rules illustrates one of the many
advantages of buying General Radio
equipment. The typical substantial mar­
gin of performance beyond current re­
quirements is the purchaser's best avail­
able insurance against early obsolescence.
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IBousQuet. A. Goo Peterson..\. P. Goo and Sinclair, D. Boo
"Unit R-C Oscillator - 20 ('ycles to 500 ](c," General
Radio Experimenter, Vol. 29, ,",0.12, ]\[ay, 1955, pp. 1-11.

mcnt whcrc uniformity and rcliability
are paramount considerations is steadily
growing. 1"01' some years, the General
Hadio Company has been carrying on
a continuous development program in
etched circuit technology with theaimsof
(1) eliminatingthe "bug, "thatinevitably
crop up in a new process and (2) building
a tcchnique of manufacture and test.

The fruits of this program can already
be se-cn in a number of Gencral Radio
instrumf'nts, the latest of whicR is the
new TYPE 121O-C.

1. Small dimenRions
2. Sweepable, with inex­

pen:;ive drive
3. Sine- and square-wave

Olltput
4. Low-impedance, low­

distortion ou tpll t
5. lli~h-impedance, high­

voltage output

This versatilc oscil­
lator appears now in slightly different
cxternal appearance, necessitated by a
change in intel'l1al construction.

The new model, TYPE 121O-C, re­
mains unchanged in its electrical char­
acteristics bu 1, has been redesigned to
use etched circuits, a development that
results in a greater uniformity of per­
formance and greater reliability than
can be achieved by individual wiring.

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

TYPE 1210-C UNIT R-C OSCILLATOR
The Type 1210 Unit

R-C Oscillator,
1

one
of the electronics lab­
oratory's most useful
general-purpose in­
struments, has several
noteworthy features:

CONDENSED SPECIFICATIONS
Squ~re-WaveOutput: 0-30 v peak to pC'ak; rise
time approxi mn.tl'!y U iJ. ec.
Tube Complement: One each 6TIQ7-A, OTI2; two
12AU7's.
Power Supply: 6.3 v ac 01' de n,t 1 amp.; 300 v de
at, 50 mao Tyl''' 1203-A Unit Power Supply for
opC'mtion from 115 v, 50-60 ('y('l('s.
Mounting~: nJ:lC'k-craekle finish aluminum panel
and sid(','; ahuninum cover finished in eleal'
la('qupl'.
Dimensions: 1031 (width) X 5%: (hpight) X 7 in('h-
es (depth) OVC'I'-:tll. Weight: 6U lh.

Code Word Price__ Type

1210-C'
1203-6
48o-P4U3

Frequency Range: 20-500,000 c in 5 ranges.
Frequency Accuracy: ± 3%.
Output Control: Logarithmic, ealibmtC'd 0-50 db.
Output System: 3-position switch for quan'­
wav,,> sine-wave low-impedance, 01' sine-wave
high-impC'dance output.
Low-Impedance Output: (For londs of 500 ohms
and hight'r) 0-7 v, ± 1 db up to 200 ke.
High-Impedance Output: (For loads of 10,000 ohms
and higher) 0-45 v, ± 1 db from 200 c to 200
kc.

Unit R-C Oscillator .
Unit Power Supply .
Relay-Rack Panel (for mounting both 1210-6 and

1203-A in one panel) ....•..•.............

·U. S. Putent No. 2.ln.~27.

AnA"~ll'

ALTVE

UNJPANCA R'I'

$180.00
40.00

10.85
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HIGH-POWER VARIAC AUTOTRANSFORMER ASSEMBLIES

Vi.w of the Typ. W50G6BB 6-gang Variac.

hokes S d d

~gang parallel. :l TYPE 5O-PI
()-g:Lng parallel 3 TYPE 50-PI :\no

2 T \1' I': 50-P2
+-jZ:\.ng 0<'1[:\. . . . . . . .. . 2 Tu'~; 50-PI
(i-gang de!l:l. 2 Typ~; 50-PI :\nd

2 Typ~: 50-P2
c.-gang wye. . . . . . . . . . . . . 3 TYI'~. 50-PI

Thl' n w \Y.,O :1nd "",,OTT \' ari:H'S
arp an1ilabl in fom-gang ami ,'ix-gang
assrmblir,' :1.' w('11 a: tlw familiar two­
gang and tim p-I!:tlng a:.rmblic: :1\'ail­
abl. in mo:t \' arial' t~·p('·. 'rhi. al­
low.' double til(' load ('al <wily for. ingl
ussrmblirs. Thr table in': the k"tt
ratings for ..[ and i-gang tlss('mbli :' in
('ommon ein'uit..

.\11 4-, ,)-, . nd ().-gang mod I Ufl'

('quiPI '(I with ball I earing'.

it i.' I'('('ommpncl d that TYPE
hok('s 1)(' uspd with th::; gangs.

l'hokp: a' follow::

50-P
I'd r

CHOKES

In ol'(!<'r to a"oid ('il'l'ltlatinfl' urrenl,

Type

50-PI
50-P2

Code Wonl

I
1' ... IlAl.l.rIlOK
1'1111'U;CIIO K

Price

$16.00
16.00

-

Load RlIlillg,~ KI'A
Type Parallel DeUa lVye Code Word Price

W5OG4BB 4-Gang Variac 2:l.0 19.9 I 0 l' I.(;A:XKA $540.00
W50G4BBM 4-Gang Variac with ca•• 20.7 I •.0 G TAI.1I0XKA 600.00
W5OG5BB 5-Gang Variac G....TAT.(; .... '0'0 670.00
W5OG5BBM 5-Gang Variac with ca•• GATAI.1I0 .• ~() 735.00
W50G6BB 6-Gang Variac 31..") 29.!l 10.0 C:ATAL(,ANs.\ 800.00
W50G6BBM 6-Gang Variac with ca•• 31.2 27.0 3fl.0 ,ATAI.BOX:-;A 870.00

W50HG4BB 4-Gang Variac 29.9 2.'').9 l'I'AU1 Xl\: 540.00
W50HG4BBM 4-Gang Variac with case ? - 2~.(j 'IT LRONKA 600.00-' .. )

W50HG5BB 5-Gang Variac • 'IT 1"'< • lo1 ~'O 670.00
W50HG5BBM S-Gang Variac with ca•• 'IT \1.80X." 735.00
W50HG6BB 6-Gang Variac 11.9 .9 52.0 I."ITAT.... ·S .... 800.00
W50HG6BBM 6-Gang Variac with ca •• I 42.7 I 36.9 I 49.1 lo1lTA LIlOXSA 870.00

• S. Palent appliE'd foc.

General Radio Company
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THE MEASUREMENT OF DIELECTRIC PROPERTIES
IN THE 200-5000 Me RANGE

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

where
J{ is the dielectric constant
D is the di sipation factor
A is the wavelength in free space
l is the physical length of the sample
N is an odd integer which is equal to the

number of quarter-wavelengths in the sample
A is a constant which corrects for the re is­

tive lo,'ses in the line conductors and
P is the VSWR on the air dielectric line.

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

l
(equals _/-) is X, %, %, etc.) wave-

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

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

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

If a section of open-circuited trans­
mission line is filled with dielectric as
shown in Figure 1, the dielectric constant
and dissipation factor can be determined
from measurements of the input imped­
ance to the section of line filled with the
dielectric and from a knowledge of the
frequency and the sample length. The
input impedance, Zi, can be calculated
from measurements of the standing­
wave pattern present on the air-filled
section of line shown in the figure. The
actual calculations are complicated by
the fact that the equation which has to
be solved is complex and transcendental,
and they become particularly involved
when a low-loss dielectric is being meas­
ured, in which case the resistive losses in
the line are usually large compared with
the dielectric losses in the sample. The
whole procedure can be greatly simpli­
fied if either the sample length or the
frequency is adjusted to make the elec­
IS. Robertson. A. von Hippel. Journal of Applied Physics.
17,610 (1946).
zA. W. Dakin. C. N. Works. Journal of Applied Physics,
IS. 7S9 (1947).
(For an ex('ellent treatment of dielectric measurements,
see also A. yon Hippel, Dielectric }'fulerials and Appli­
cations, .John Wiley and Sons. )lew York. 1954.)

K=
N).. Z

4l (1)
A

D= -A
7rlp

(2)

Figure I. Figure 2.

L-AIR, DIELECTRIC
CONSTANT,l

AIR,
DIELECTRIC
CONSTANT,l

A..-Zi

DIELECTRIC
CONSTANT,K

STANDING
VOLTAGE

WAVE
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The above equation i based on the fol­
lowing approximation:

1
. / tan ( l{ f3x) = tan (3x (4)
vl{

(5)

(6)

(3)
z

x 3
7r z

J( = N>..
-!(l + x)

8

3

where t:. JO is the wid th of the voltage
minimum measured at points where the
voltage is 10 db greater than the voltage
at the voltage minimum. The value of A,
which represents the losses in the air-

where (3 is the propagation constant in
free space. The error in the determina­
tion of I": resulting from the use of this
approximation is:

The value of x which re ults in a 1%
error is plotted in Figure 3. A indicated
in Equation (5), the error varies a the
cube of x.

The same condition holds for measure­
ment of the di sipation factor. -ear
voltage minimum the dielectric loss is
low, because of the relati,oely low volt­
age and, therefore, the dielectric can be
removed near the minimum without a
significant change in the over-all dielec­
tric 10 s. The resistive loss in the con­
ductors in the area where the dielectric
is removed is practically unaffected since
the current distribution remains practi­
cally the same. The equation for dis­
sipation factor becomes:

t:.} 0
D - -A

3(l + x)

stant can, therefore, be measured with
the voltage minimum slightly ahead
of the dielectric face \\Oith a negligibly
mall error. The modified equation for

dielectric constan t is:

x = DISTANCE FROM DIELECTRIC
FACE TO VOLTAGE MINIMUM

.t = LENGTH OF SAMPLE

been determined, however, that, "oith
small modifications of the imple expres­
sion previou Iy pre ented, one can
mea ure the dielectric properties with
the voltaCTe minimum in the vicinity of
the sample and yet far enough a'my to
make the selection of the frequency non­
critical and to permit the measurement of
Y 'VR by a width-of-minimum m thodo

Let us assume that the dick tric is
exactlv an odd multiple of a quarter--
wavelength long and that the voltage
minimum i dir ctly at the front face of
the sample as shown in Figure 2. Under
these conditions, J( and D can be cal­
culated from Equations (1) and (2).
K ow suppose that a small amount of the
dielectric near the voltage minimum is
removed as indicated by the cros­
hatched section in the figure, where the
length of ample removed is indicated by
x. If the sample has low los, the ,ooltage
appearing at the voltage minimum rela­
tive to the voltage at other points along
the lin~ is very small and, therefore, the
effect of dielectric near this point in the
line is small compared to the effect at
other points along the line. Conse­
quently, the removal of the dielectric in
the area near the voltage minimum has
very little effect on the position of the
minimum on the line. The dielectric con-

3~~~'"<"_~~~-_I_~------___l

..:l = 20
K-[

10,---------,---------

0~1--------_I_---''*_~~~~~;:_I

0.2,~-------+------~~

x

E I.ol------""'~...+=:',,-~~.._---__I
u

•

FREQUENCY-Me.

.1 .,... ~-=-------___:= Figure 3. Distance x, from voltage minimum to0.'-
100 1000 10,000 dielectric face, to produce 1%error for various values

of dielectric constant.



5 MAY, 1958

where the width of the voltage minimum

filled line, can be obtained from a meas­
urement of the VSWR on the line with
the sample removed. The equation for
A is:

;1'10
A -

3l'
(7)

between lO-db points, ;1'10, is measured
with the sample removed, and where l' is
the distance in centimeters between the
voltage minimum at which the VSWR is
measured and the open end of the line.
For maximum accuracy, the length of
line measured should be as long as pos­
sible.

THE TYPE 874-LM DIELECTRIC MEASURING LINE

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

40002000300 500 1000
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SOURCES OF ERROR
Line Losses

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

M 1.0
'0

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

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

200
mately 1min = . /- Mc. Of course, meas-

vI(

memel1ts can be made at lower frequen­
cies by the more complica·ted method
previously referred to. The actual low­
frequency limitation is primarily de­
termined by the sensitivity of the de­
tector.

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

Air gaps between the sample and the
dielectric conductors of the transmi sion

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

(8)

2000

0.46

l

500 1000
FREQUEt:CY- Me

N'A 2

4(l + x)

200

K-

•
M: DIELECTRiC lOSS /RESISTIVE LOSS

.-/

/ '"
./,

~

V
Figure 5. Ratio of loss in sample to loss in line

normalized for a 0 of 0.000 1.

O'
'DO

"
- .

-'0
x
o

ing mooth, pure- ilver, inner and outer
conductor nrface . Xote that the agree­
ment is quite good.

The ratio of the dielectric loss to the
resistive loss on the line varies with
both the dissipation fa tor of the sample
under test and the frequency. It is in­
dependent of ill(' length of the sample
when the Y \Vn. mea urement is made
close to the dielectric face. Figure 5 is
a plot of thi ratio for a normalized dis­
sipation factor 0.0001. In other words,
at a frequency of 500 ;'1c, the ratio for
a dielectric material having a dissipation
facLor of 0.00 L would be 1.4. It is obvi­
ou that at lower frequencies the ratio
becomes smaller, and, hence, an accurate
measurement of line losses is very im­
portant. Small errors in this measure­
ment can have a large effect on the
mea ured di sipation factor of low-loss
materials at 10\\- frequencie .

Fringing

In an open-ended transmission line,
fringing capacitance exi t at the end of
the condudors. This capaci tance makes
the transmission line appear longer elec­
trically than it is physically. Figure 6
shows the results of mea mements made
on the fringing capacitance in the co-

Figure 6. Effective in­
crease in line length

caused by fringing.

MEASURED DIFFERENCE BETWEEN ELECTRICAL

AND PHYSICAL LENGTHS OF AIRLINE CAUSED BY
FRINGING CAPACITANCE AT OPEN ENO OF LINE

~ • •
+

+
+

l!.L.
• -, l!..L. 0.23cm

-;:~C, EFF. C ~ 0.15 }Jjlf
I

,,--
Lso-oHM AIRLINE

03

o

0.2
E
u
'l
<l

a, 2 3 4

fREQUENCY -KMc
• 7 '0
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coupling is significantly affected is the
minimum distance which can be toler­
ated between the dielectric face and
probe. Figure 8 shows the variation in
probe coupling as a function of dis­
tance measured in the line described
later in this article. Jote that, for rela­
tively 10\\'-10 dielectric materials with
dielectric con tants even a large as
9,000, the increase in coupling is very
small at distances greater than a milli­
meter. Therefore, the probe should not
be allowed to approach closer than a
millimeter when either the position of
the minimum or the width of the mini­
mum is measured. When high-loss ma­
terials are measured, and the minimum
is very broad, an even larger minimum
spacing i necessary, because even a
slight variation in coupling will shift
the apparent center of the broad mini­
mum. Figure 9 shows the results of
measurements made on various samples
in order to determine the effect on the

•

position of the minimum as a result of
added probe coupling. In this figure
the position of the voltage minimum
with respect to the front face of the di­
electric is plotted a a function of wave­
length for sample having various dis­
sipation factors. If probe coupling were
constant, these curves would be straight
lines. Note that, for the two relatively
low-loss samples, the variation follows
the linear law until a pacing of less than

.002.0015.001

K·IO

.0005

INNER AND OUTER AIR GAP. - INCHES

o

-5 f----t---f---+....
z
;:
l/l
Z
o -4 f----Ihl---j---I"-+-----ju
u
a::....
u
'j -3 f----j ----+I'---t-------i
w
o
z
a:: -2 f--+-II---/----1I------:;;/j----j
o
a::
a::
w

-6,-----,-------,,-------,------,

Figure 7. Error in K coused by air gaps between di-
•

electric sample and inner and outer conductors.

line cau e errors in the measurements.
Figure 7 indicates how for a given gap
those errors vary with the dielectric con­
stant on the coaxial line described in thi
article. The minimum practical gap is
one of the factors which et a limit on
the maximum dielectric con tant which
can be measured to a given accuracy.

Probe Coupling

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

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

Figure 9. Effect of probe coupling of position of
• •minimum.
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for and the complication of the quarter­
wavelength section of short-circuited air
line ordinarily used to produce open
circuit at the end of the ample in most
earlier open-circuited methods, ..and the
need for a very low-Io s short circuit
directly at the end of the ample re­
quired on earlier short-circuit methods.
Also the technique of shifting frequency
until the minimum appears near the
dielectric face result in a very great
simplification in thecalculations required
no obtain dielectric constant and dissi­
pation factor. The techniques of inser­
tion and removal of the sample are shown
in Figures 11 and 12.

Detector

The detector which produces the best
results in this appl ication is heterodyne
type in which the sirrnal from the probe
and a signal from a local oscillator are
applied to a crystal diode mixer and the
difference frequency output is amplified
by means of a fixed tuned I-F amplifier.
The TYPE 121G-A nit I-F Amplifier,
TYPE 874-MR Mixer Rectifier and
variou nit Oscillators are well suited
to this application. The e are available
in complete combinations as the Type
D;.JT Detectors. The r-f mixer is ac·
curately lineal' over a voltage range from
about 80 db and, hence, the relative
level of the signal picked up by the probe
can be easily measured by means of a
calibrated step attenuator and calibrated

FACES MUST
BE.l. TO AXIS

0.5615 OD. • r 0.5605.2495

f---- -----
--Tf--- ----

.\

• I• .R..

0.2505 I D
o

I
HOLE MUST BE
ACCURATELY CONCENTRIC
WITH O. D.

Figure 10. Dimensions of sample.

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

The Sample

One limitation of the proposed method
is that the samples must be at least a
quarter-wavelength long, and at the
lower frequencies this length may not be
easy to obtain in a single sample. How­
ever, the quarter-wavelength section can
be made up of a number of horter
lengths, which can be easily machined.
Another limitation is that either the
frequency or the length of the sample
mu t be trimmed to obtain a voltage
minimum within the limit previously
de cribed. If the measurement mu t be
made exactly at a specified frequency,
orne cut-and-try work must be done on

the samples themselves. The dimen ions
of the sample are shown in Figure 10.

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

Figure 11. Sample is easily installed by means of
1001 furnished. Figure 12. Tool for remaving sample is also furnished.
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CALIBRATED
ATTENUATOR

I F CALIBRATED
AMPLIFIER METER

L-P FILTER PAD

CENTER CONDUCTOR
SUPPORTS

OSC I---l

TRAVELLING
PROBE

DIELECTRIC
SAMPLES

L'P FILTER

LOCAlI--~r--,; -, ,-----l ."'. -~r- :., ~
OSC. L __, r+---+~ ~~

DIELECTRIC-MEASUREMENT SETUP

Figure 13. Block diagram of complete dielectric
measuring system.

electric can tant and hence the upper

frequency limit is 9000jv'K.
Accuracy

With this instrument, accurate
traightforward mea urements on ma­

terials having dielectric con taut be­
tween 1 and 10 and dissipation factors
between 0.0001 and 0.05 can be made
with an accuracy of about ± 2% in di­
electric constant and ± (5% + 0.0001)
in dissipation factor over a frequency
range from about 200 to 5000 Mc. The
dielectric-con tant accuracy i ati fac­
tory for mo t application, and ~he di i­
pation-factor resolving power make pos­
si ble reasonabIe mea urements on even the
lowest loss material presently available.
Applications

Figure 14 hows the result of meas­
urements made on Teflon over a wide
range of frequency. - R. A. ODER~1AN

output meter in the TYPE 121G-A I-F
Amplifier. With a heterodyne detector,
an unmodulated ignal can be used to
excite the line, thus eliminating errol' re­
'ulting from incidental frequency modu­
lation produced when the oscillator is am­
plitude modulated. This type of detector
ha high sensitivi ty, good lineari ty, and ex­
cellent discrimination against harmonics.

Oscillator

The requirement for the oscillator
u ed to excite the line are not exacting.

imple, low-power, tunable, C-\\' 0 cil­
lators having good stability, such as the
OR line of Unit Oscillators, are recom­
mended. Signal O'enerators are also at­
isfactory source. Since a high-sensitiv­
ity detector is u ed, the oscillator can
be directly coupled to the 'Iotted line,
prefera9ly through a resistive pad with­
out the use of tuninO' elemen ts.

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

Frequency Limitations

The maximum frequency at which re­
liable mea urements can be made is
that at which the first higher-ord I'

mode can be propagated in the dielectric
under test. In the air-filled line, the first
higher-order mode, which i a circum­
ferential mode, has a cutoff frequency of
about 9000 Mc. This cutoff frequency
decrea es as the square root of the di-

Figure 14. Dielectric constant and dissipation factor of Teflon as measured on the
Type 874-LM Dielectric Measuring Line.
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Dimensions: 26 x 4Y2 X 3Y2 inches, over-all.

Net Weight: 9H pounds.

SPECIFICAnONS
200 Micrometer Scale: Can be read to 0.0002 cm.

Frequency Range: Minimum, _I , :.vIc; Maximum
9000 v I\. Accessories Required: Generator and detector;

5000 Mc or ·f\., Mc, whichever i~ the 'malleI'. General Radio Unit O~('illatol" (with TYPE
r 120l-A Unit Regulated Power Supply) and

Measurement Ranges and Accuracies: DiPleetric Type DNT Detectors, respectively, are reeom-
Constant ([() ± 2% for values of ]( bptween mended. A complete listing of thp, e "'iU be
1 and 10; Dis~ipation Factor, ± (5% + found in the March, 195 , issup of the Experi-
0.0001) for values of di sipation betor between menteI'. Al 0 required, one TYPE 874-G6 6-db
oand 0.05. Pad and one TYPE 874-G3 3-db Pad. Appropri-

C I· d . al 0 D 0561' hID ate TYPE 874-F Filters are also recommended.Sample: y 111 ne ; . .,. Inc ps; . .,
0.250 inches; length dppends upon dipJpetric
constant and frpqupney; long samples can be
made up of a numbpr of short edion .

Type Code Word Price

874-LM I Dielectric Measuring line .............•....... 1 COAXFACTOR I $400.00
•

OPEN HOUSE AT NEW CONCORD PLANT
On Friday, June 6, 195 , from 1:00

P.M. until -1: :00 P.M. the General Radio
Company will hold open house at its
newly enlarged plant in West Concord,
Ma ., located between Ma sachu etts
highways Route 2 and 62. We invite
all of our customers and friends who are
interested to attend. Ample parking fa­
cilities are located immediately adjacent
to the buildings.

Open for inspection:*Many operating displays of the latest
GR in truments.*The engineering development labora­
tories.

* The "'ell-equipped model shop, in
which the first models of new items
are made.

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

* Instrument- and component-assem­
bly departments.

*Variac® winding, assembly and test­
ing department.

* Supporting departments, such as pro­
duction planning, purchasing and
shipping. •

..
•

-- - .-

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

50 1000.5 I 2 5 10 20

FRWUEt~CY IN KILOCYCLCS
0.1 0.2

v "-1'...0
S) /",0

~'6/'" -

L....."" ..~
/

f<,

If -

/
5

V
2 / - ---V
I -

10

10

200

o
20

Figure 2. Plot of Q versus frequency for the I-milli­
henry step in the old and new decade inductors.

500

the closed switches in series with the
active inductors and plac('d the ground
capacitance of the unused inductors
acro s the active inductors below them
in the series circuit.

With the new switching sequence the
number of s\\'it eh contacts in circuit is
minimized, and unused inductors are

IMPROVEMENTS IN DECADE INDUCTORS
The TYPE 1490 Decade Inductors and

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

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

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

A different method of witching has
lowered the stray capacitance across
the active inductor, with a consequent
increase in their resonant frequency.
This is most important on the high-in­
ductance decades but is also significant
for the lower decades of a TYPE 1490
A. sembly. Originally, four inductors of
unit values 1-2-2-5 were connected in
eries, and tho e inductors not required

for any setting were shorted out by
switches. This added the resistance of
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ompl t Iy di onnected. The resultant
in('rea 'e in re onan fr quenc for th
low etting in each deeud run between
1.5 and 1.9, 0 that th COlT dion
fact r. for indllctan e at th high fre­
qllenl"ie arc reduced by the ratios.

1he II \V witch r quires om wha
mol' pac, wh i h incr a e th length
of th TYPE 9..10 Decade in a direction
p rpendiclllar t.o t.h witch haft and
like\yi e t.h pan!'1 width of t.h TYPE

H.90 abin t:. ~.ew t. 'pe I t.t r~ ha\'e
been a:ign d a follow.:

Figure 3. View of the Type 940-H Decode
Induetonce Unit.

New
Type

940-E
940-F
940-G
940-H

1490-C
1490-0

Replaces
(JIll

940-A
940-8
940-C
940-0

1490-A
1490-8

I nrluclanrr

1 millihenry/step .
10 millihenrys/slep ....................•.

100 millihenrys/step , , .
1 henry/step, .

1.11 honry max, 1 mh ISlap , , ..
11.11 henry mox, 1 mh step , " •...

EQUIPMENT LEASING

ode Word

INDUCTOA, T

INDUCTOllOY
I DUCTOCAT
1N"DU("l'ODO(;
('[,1-\' P

eOA 'if

Price

$100.00
100,00
100.00
110.00
330.00
440.00

,om lU er. have fOllnd it d . irable
t. lea I t equipml'nt ruth!'r than to
purcha e it. olll rip;ht.

,y do IlOt ha\'('> armngements for
dir ·t I a -in I but th re UJ.' :1 number

of concel'lJ. which make a bll inc. of
lea:ing. Wl' ,'hOllld be glad t.o , lIggc. t to
t.ho, intere, ted th name, of e\'eral
firms which pecialize in th If'using of
I ctronic equipment.

•

General Radio Company
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STANDARD TIME SIGNALS
Improving the Accuracy of Comparison Between Radio

and Local Time Standards

Many of the activities a sociated \\-ith
the International Geophysical Year re­
quire accurate time and frequency stand­
ardization. It is frequently desirable to
have a local time-and-frequency stand­
ard, for use when radio reception is poor
or when local timing equipment is to be
operated. Standardization can be ac­
complished by a comparison of the time
indicated by the local standard, such as
the TYPE 1l00-AP Primary Frequency
Standard, with the standard radio time
signals transmitted by national agellcies
in the United States and in other COUJl­

tries. The e signals consist, in part, of
pul es, dots, or dashes at intervals of
one second. This article describes a
method of measurement of the time of
arrival of time signals with a precision
of ± 1 millisecond.

The Local Standard

The TYPE 1l00-AP Primary Frc­
quency Standard comprises a quartz
crystal oscillator operating at 100 kc
and a frequency divider chain with out­
put frequencies at 100 kc, 10 kc, 1 kc,
and 100 cycles per second. The l-kc out­
put drives a precision clock (the TYPE
1103-A Syncronometer), in which is in­
corporated a contactor that opens and

closes once per second. This contactor
is adjustable in phase, or time of opera­
tion with respect to the clock shaft, in
uch a way that the closing time can be

set at any value with re peet to an arbi­
trar.v zero, from 0 to 999 milliseconds
and on around, through zero, into the
next second. A calibrated control, called
the Microdial, i provided, which is
graduated in lO-millisecond increments
from 0 to 100 in 3600

, or 0 to 1000 milli­
seconds.

Calibration

The calibration of a time or frequency
standard by reference to radio time sig­
nals requires a series of measurements of
the time of arrival of standard time sig­
nal pulses over an extended period of
days or \\'eeks in order to reduce the
errors in timo-signal reception times to
negligible proportions. In the measure­
ment the audio frequency dash or tick
in the radio receiver output is compared
with a timed reference signal from the
local source to be calibrated. For ex­
ample, let us assume that the standard
time signals are received at a setting of
26.3 on the first day, 26,4 on the second
- to 27.3 on the eleventh day. This

•

represents an incrcase of the Microdial

Figure 1. Panel
view of Ihe Syn­
cronomeler. The
Microdial is 01 Ihe
righl of Ihe clock

face.



Figure 2. Diagram of time comparison using the
Microdial.

The Comparison Oscilloscope

A precision time-interval indicator is
readily available in the TYPE 1l05-A
Frequency Measuring Equipment in the
form of the TYPE 1109-A Comparison
Oscilloscope, shown in Figure 3. The
circular s\\"eep of this cathode-ray indi­
cator can be driven by the frequency
standard at a sweep rate of 100 cycles
per second, which gives a time scale of
10 milliseconds per revolution, with no

•
,

4

MlCROOIAL CONTACTOR

_ __ __ TIME SIGNAL, ' ,
TIME - , I, , ,

, I I

CLOSED CLOS CLOSE 0

I LOPEN t LCKN I
, r I
I I I

=:t:B;Qillc::=l'b~~=Ur:'=t== CONTACTOR T\JRNfO TOWARDCLoseD CLOSED EARLIER TIME [LOWER
• NUMBERS ON OIAL!

CQNTACTOR SET so ONLY
1-----"---.....lL-- THE N:JSE OF TIME DOT

IS HEARD.

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

~ GENERAL RADIO EXPERIMENTER

reading of 1 division in 10 days or 10
milliseconds, which is 1 millisecond per
day gain. Each day consists of a total of
86,400 seconds (mean solar time). This
figure is approximately 10' seconds, or
108 milliseconds, per day. Since the fre­
quency-standard clock is gaining at the
rate of 1 millisecond per day, the clock­
oscillator frequency (local frequency
standard) is running approximately
1 x 10-8 too high in frequency, and is
constant in frequency. If the Microdial
setting had gained, or lost, time at a
rate proportional to the square of the
elapsed time, the frequency of the clock
oscillator "'ould have been changing at a
constant rate of increase per day. Thus it
is possible to compare local frequency
standards with standard time signals for
calibration of both frequency and time
indications. In order to achieve the de­
sired precision in the use of this method
to calibrate the TYPE llOO-AP Primary
Frequency Standard, it is necessary to
use the Microdial contactor with an
oscilloscopic indication of the time
signal.
Use of the Microdial

As originally contemplated, the Mi­
crodial contactor was used as a phase­
able gate, which let a time signal through
when it was open and shorted it out
when closed. The operator determined
the time of arrival of the time signal by
finding the setting of the l\1icrodial for
which the "nose" of the time signal was
just barely perceptible, in head tele­
phones or a loudspeaker. The precision

Figure 3. Panel view
of the Type 1109-A
Comparison Oscillo-

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

Such a method has been in use here
at the General Radio Company for
several months with entirely atisfac­
tory results. This method requires the
following settings of the selector switches
of the TYPE 1109-A Comparison 0­
cilloscope:
(CIRCULAR SWEEP FREQUENCY)
to 100 cycles, and SELECTOR to DET.-

TD. CIRC. W. The radio-frequency
time signal mu t then be received by a
detector unit, which may be a TYPE
llOG-A, -B, or -C Frequency Transfer
Unit or a radio receiver. The resulting
audio signal is supplied to the oscillo­
scope. In the TYPE l105-A Frequency
Measuring Equipment Assembly, this
is accomplished by setting the switch on
the TYPE 110 -A Coupling Panel to
. elect the DETECTOR at L(ow),
:\1 (edium), or H(igh) frequency, a re­
quired, or EXT. (external) for a separate
receiver. The audio signal will produce
a radial deflection of the scope pattern.
Adjustment of the Microdial setting
will then vary the closing time of the
gate so that, with the MICRODIAL
s\\'itched ON (on the Coupling Panel),

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

In this diagram, the constant time­
delay is 3 milliseconds and the audio
ignal is 1000 cycles per second. These

are convenient values and are used in
the examples that follow. The choice of
1000 cycles for the audio tone is con­
venient because (1) it is the modulation
tone on the time signals from WWV, and
(2) it bears an integral relationship to
the 100-cycie circular sweep frequency,
thus assuring a tationary pattern. The
3-millisecond delay interval is chosen
because (1) the Microd ial contactor
must short out at lea t a portion of the
time-signal pulse or there will be no way
to tell when it i set correctly, and (2)
the 3-cycle (or 3 millisecond) tick which
remains is long enough to give an audible
pulse, which can be distinguished aurally
from most impulse noise, and (3) it
provides a 10nO" enough period for the
signal to build up if filters are added to
reduce noi e.

THE CALIBRATION METHOD IN USE
NSS Time Signals ( . S. Nava I Ob~ervatory)

The time sip;nals controlled by the U. S.
Naval Observatory ar!' transmitted from ta­
tions NSS, NBA, and NPG 011 a variety of
frequencies (sec current listing of frcquE'ncies
and transmission scheduJe~ in U. S. Naval

~IOO CYCLE
CIRCULA R- SWEEP
BASELINE

START OF TIME
/SIGNAL

DEFLECTION
_-./ELECTRODE

CLOSING TIME OF
MICRODIAL CONTACTOR
(SET BY OPERATOR)

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

figure 4. Diagram of time-signal
display on Type 11 09-A Com­
parison Oscilloscope with Micro­
dial contactor set to close 3 mil­
liseconds after start of time

signal.
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Observatory bulletins). The e transmissions
eonsist of a series of dashes at one-second inter­
vals, each dash bcing a keyed continuou:-wave
signal, unmodulated. These time signals are
radiated during the five minutes preceding the
hour at the scheduled time.

For the display of this type of time sip;nal
on the circular-sweep scope, a heterodYlling
frequency must be added to provide all uudio­
frequency beat tone. For ease of calibration,
this beat should be set as near to 1 kc as pos­
sible by reference to the pattern on the eireular­
sweep scope with the Mierodial eontactor not
op ratin~. Eueh cycle of the beat freq ueney is
then equal to one millisecond, but the e-xaet
phasing of the various cycles is usually not
steady enoup;h to be used as a direet time­
calibration. The display presented by this
method appe-ars identical to that of the modu­
lated signal from WV';-V (see nt'xt section)
whe-n the Microdial eontactor is ope-mtinp; \I'ith
a 3-millise-C'ond interval betw('en "nose" :U1d
closin~ time- of the contartor. A photop;raph of
the oscilloscope display of the time signal from
NSS is shown in Figurc 6. Notc the apparently
exact duplication of the display of Figure 7
with thc notable exception that the signal-to­
noise ratio is C'onsidcrably better in the- case
shown in Figure 6. The heterodyning fn'qut'ncy
was provided by the he-terodyne fr('quency­
meter osC'illator in the TYPfi 1106-13 Frequency
Transfer Unit. A Hammar/und SP-600-JX re­
cei ver was used as an external detector.
WWV Time Signals (National Bureau of

tandards)
The time pulses from WWV comprise five

complete eycles of l-kc modulatlbn on the
carrier of the standard-frequency transmission,
as shown in Figure 5. During the last two
minutes of most of the five-minute intl'Tval
in any given hour (except for the various inter­
ruptions scheduled - see the current bulletin
of National Bureau of Standards), the carrier
frequeney and the time tirks arc the only
signals tran,mitted. The Microdial contactor
remains open for approximately 50 milliseconds,
or 5 revolutions of the circular sweep. Thpre­
fore, the baseline of the weep is visiblp through­
out the entire circle even though the def/ection
leaves no baseline during th(' pulse. If the con­
tactor is not spt to hort out part of the timp
signal pulse, thc display is similar with the
Microdial contactor in or out of operation,
except that there is more noise and a brighter
baselinc display whcn the contactor is not in usp.

When the phasing of thc contador is ad­
justed closc to the desire-d valuc, the count('J'­
clockwise end of the 5-cycle pulst' will be
shorted out first if the Microdial is rotated

Figure 5. Diagram of
time signal from WWV
with Microdial con­
factor not operating.

from thl' higher numbers toward the lower num­
bers on the dial, as shown in Figure 2. If thp
Mierodial is spt to an impropl'r sptting, thc
contactor will always be closed whell a time
pulse is r ceiv('d and no deflection will bp
displaycd.

One of the advantag('s of the use of this
mpthod of time-signal I'('cl'ption-time calibra­
tion is that relativply accurate r('sults cun be
obtained in thn prpscncc of interference strong
cnough to prevl'nt usn of the carrier frequeney
of WWV a a standard frequency. A photo­
graph of the Typp' J 109-A Comparison Oscillo­
scope display taken und('r "uch conditions is
shown in Figure 7. Thp interfcrence was a com­
bination of seve-raJ signals, at !Past one of whieh
was an expcrimrntal pulse-train generator in
an adjoining laboratory. The receivcr was thl'
detector in the Tv?!': 1106-B Frcqucncy Trans­
fer Unit.
CHU Time Signals (Dominion Observatory,
Ottawa, Canada)

Time ignal: are transmittcd by the Domin­
ion Observatory, Ottawa, Canada, by the kpy­
ing of a lOOO-cycle tone- on the carrier of '!a­
tion CHU. Th(' signals arc long dashe of
1000-cyel(' signals once each econd, the timc
being anllouncpd ill voice after the fiftil'th
second of earh minute. The 1000-rycle modu­
lating frequenpy is a standard frequeney, and
the keying deviep splects a constant tarting
phase for the modulating pulse. Hencc each
modulation cyell' n'prpsents one millisecond.
The dbplay of this signal i' again practically
identical with th(' preceding two examples, as
shown by the oscilloH('ope photograph of Fig­
ure 8. Some interference is apparent in this
photograph, the b('at note shown arising from a
commercial communications transmitter on an
adjacent channel. This !:lignal was received on
the TVPE 1l06-B Frcqupncy Transfer Unit, a
regencrative de-tt'('tor. A sketch of the osPillo­
scopc display during the "on" period of the
CHU time signal is shown in Figure 9. the
l\licrodial contactor being switched off. Famili­
arity with this displ:1y enables easy recognition
and tuning-in of the time signal.

•

•

Figure 6. NSS, 9.425
Me, 1456 EST.

Figure 7. WWV, 10
Me, 1437 EST.

Figure 8. CHU, 7.335
Me, 1424 EST. Photographs of time-signal displays

on Type 11.09-A Comparison Oscillo­
scope, at Cambridge, Mass., Decem­
ber 19, 1957. Receiver was the Type
1106-8 Frequency Transfer Unit ex­
cept for Figure 6 where Frequency
Transfer Unit supplied heterodyning
frequency' for SP-600-JX receiver.
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of accurate time for time-of-occmrence
measurements, since the time-delay of a
given filter would subtract out in a time­
interval measurement such as is used in
frequency standardization.

The circular-sweep oscilloscope dis­
play provides a simple means [or check­
ing the filter time-delay. If the time sig­
nals can be received without the filter,
then a quick check of the display time
with and without the filter s\\'itched into
the circuit gives the desirC'd delay-time
calibration directly,

For example, the crystal filter of the
SP-600-.JX receiver in usc in our fre­
quency standard room appears to in­
troduce approximately 0.5 millisC'c:ond
delay when the selectivity is s\\'itched
[rom 3 kc (xtaL out) to 1.5 kc (xtal in).
This crystaL filter can be used to sup­
press the single-sideband tone trans­
mission of VVW", Leaving the time sig­
nals in the clear during the entire five­
minute period.

The use of a selective audio filter
ahead of the Microdial contactor may
resuLt in some noise-puLse-induced ring­
ing of the filter. This condition is im­
proved sLightly by placement of the
audio filter in the eircuit [olloll'ing the
Microdial contactor, since the number
of large noise pulses coming through the
open "gate" is less than the total num­
ber of noise pulses ahead of the "gate. '
Discussion of Results of Use of This
Method of Calibration

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

"'I~
I l.

~Ii~
~__ 2 ~ D",IAc.·---...-j

TRANSPARENT PLASTIC
SCALE. TO FIT II09-A
COMPARISON
OSCILLOSCOPE

1/16" PLEXIGLAS

LO LINES EOUALLY
SPACEDI36" APART1---.......
LINES AND CIRCL5__
APPROX. 1/64 WIDE

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

Figure 9. Diagram of dis­
play during "on" period
of time signal from CHU
(Dominion Observatory,
Ottawa,Canada),showing
10equally spaced intervals
of 1 millisecond each, cor­
responding to the modu­
lation frequency of 1000"'-'
(100",-, scope sweep
frequency). Microdial
switched OFF.The phasing
shown here is arbitrary.

Calibrated Scale on Oscilloscope
A useful addition to the Typg 1109-A

Comparison Oscillo cope is a calibrated
scale engraved on a sheet of transparent
plastic material, which is placed next to
the face of the oscilloscope tube. This
scale, shown in Figure 10, has 10 equi­
angular divisions and a complete circle,
which is used as a target on which to
align the circular s\\·eep.

Each tenth of the circular S\\'eep circle
represents one actual millisecond of
time as counted off by the frequency
standard, so that this scale can be used
directly as a millisecond vernier scale to
read bet\veen the la-millisecond cali­
bration points on the Microclial. Since
the sweep voltage is not adjustable in
phase for synchronism with the cali­
brated divisions of the Microd ial, an ar­
bitrary zero point must be established.
Use of Selective Filters

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

•
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60- CI'CLE ELLIPSE

MICROOIAL C 'fACTOR
et.OSING 1&.1£

~ CYClES OF I KG
(11 PULSE
F WWV)

6O-CVCLE ELLIPSE

Figure 11. Diagram of oscilloscope display on con­
ventional oscilloscope, showing 3-millisecond inter·
val of modulated pulse between "nose" of pulse and

closing of contactor.

di 'play ca.n be made, indep nd('nt of th
eir('ular w p, by a "'l'ttin!?; of thp :\[i­
crodial to chop ofT the I' quir d part of
the tim 'ignal: a. hown on a COI1\'11­
tional O' 'illmwope with. for example a
GO-c.vel sin('-wav \\'e p on the hori­
zontal pln.tl'. and a mall amount of
GO- 'vel sine wave added to til(' vertical

•

den '('tion ,ignal along with the tim('-
si<rnul input. Th "no 'of th time
pul (' will then I e vi ibI , a: it is II he
circular ;;1\' p (kplay with standard

\H'CP rate, the cliff rencl' bC'ing that
th l' i, n aecllrat v rnier "gain-or­
10. - of time" . cale on the s('upe. The
modulatecl tim iO'11al from \Y\Y\' and
He permit ea. iet' U' of this di ..pla~'

than do th. c-w pul'e typ of si!?;uals.
A ,k('tch r an o'cilloseop display of
this "cm('r!?;('Il(,y" display ml'thod i.
howlI in Figurp I I.

- FRA 'K D. L~;w(s

pend. upon the u of a . tandard dir ­
tion of approach to the: tt in point and
the u 'e of the vC'rnipr cale provitl d by
th o. cillo cpa d. eribed abo\·e. In
g;en ml, th dial r adings mad by thi
method h[1\'e exhibited a conoist HCY of

•

brtter than ± ] milli condo Thi' d gree
of reliabili y i atlequat(' sin('C' th time
signal how a propa<ration-cUll. ed yari­
ation om('time: as grC'at as ± 1 milli­
.eeond. In enpral. the tabilitv of thC'

•

arrival time of the time signal' i b tter
than ± 0.3 milli'eeontl.

Over the pa,·t few months, ealibration
of th General Hadio workin r frequency
:-,( andard haR b CIl earri('d (u t by thi
mpthod with a prC'ei"ion pnt ir Iy ade­
quate for pl'<' ·is(' frequeue)' mpa. llrement
of ± 1 x 10- without eOrJ'petion for the
varial ion in the transmi""ion time of
the time ignals. n.\· tal'in<r aecount of
I h(' correction ~ pro\'itl d by t h c."'.
••u\'al Ob ervatory, Wa:hington, D. .
it ips ibl t impro\'(' thi. figure. In
an~' ea e, thi eulibration mpthod pro­
vid ~ a local time 'tandarrl, independent
of radio propagation tondit ion., with a
"imple, accurate checking method for
Ui:iC \Vh n rarlio propaO'ation conditioll
arp fayorable to allow direct calibration
by compari. on with extC'rnally available
. tandanl time. ignal. .
An "Emergency" Method

The di play method de cribed abov
a:sump: po. s ,,:-,ion of a complC'te TYPE
11 OO-A P Primary FrequC'ncy , tandard
with TYPE 1] 0.-- \. Fr<'ql1pnc.,' :\ [easur­
ing Equipment .\Sl embl~'. "'hen only
the TYPE 1100-.\ P Primary Fr qU(,llty
~tandard i a vaibblC', all oseillo:copi('

General Radio Company
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NEW STANDARD FREQUENCY MULTIPLIERS
The TYPE 1112 Standard Frequency

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

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

input frequency can vary a few parts in
106 from the nominal value without los
of control. The multiplier stages can be
manually detuned on either side of the
nominal standard frequ ncy by an ad­
ditional few parts per million if de-
ired, provided that the operation of the

multiplier is carefully monitored to pre­
vent improper operation. Figures 1 and
2 are panel views of the two units.

Principle of Operation

The underlying principle on which
the pha e-stability and noise-reduction
properties of these multipliers are based
is the use of a narrow-band filter to
select only the desired output harmonic
at each output frequency. The filters
used at the three lowe t frequencies are
quartz crystals since they afford the
highe t possible Q, and hence narrowest
bandwidth, in this frequency range. In
order to maintain the e crystal filters

•

at the correct resonant frequency to
pass the desired harmonic, each crystal
is incorporated in an oscillator circuit
whose frequency i pha e locked to the
desired harmonic frequency by an auto­
matic-phase-control loop
I\Vhen 2.5 Me or 5-1I1e input is used, the 1-:\lc output
cannot be used.

Figure 1. Panel view
of Type 1112-A Stand­
ard Frequency Mul-

tiplier.
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Figure 2. Panel view
of Type 1112-8 Stand­
ard Frequency Mul-

tiplier.

At the 1000-Mc output frequency, a
phase-locked ldy tron oscillator is used
a a selective filter to eliminate un­
wanted harmonics of the control fre­
quency, thus operating in much the
same manner as the locked crystal os­
cillators at lower frequencies. Since,
however, the Qof the klystron resonator
is not extraordinarily high, the phase
modulation noi e inherent in klystron
is reduced by means of negative feed­
back. The automatic-pha e- ontrol loop
for the 1000-Mc klystron feed back
phase noise over a wide frequency band
to reduce phase instability, the reference
standard in thi. case being taken a the
multiplied harmonic of the crystal-con­
trolled 100-Mc drivinO' ignaI.
Block Diagrams of Multiplier Units

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

The Type 1112-A Standard FTequency
lIfultiplieT receives a driving ignal from
the 100-kc frequency standard and mul­
tiplies it to 1000 kc. The signal from the
1000-kc crystal oscillator is then com-

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

A small residual phase error remains,
but, as long as the cry tal-o cillator fre­
quency is within the lock-in range of
the system, the crystal oscillator stays
locked directly at the harmonic fre­
quency of the standard. The phase error
provides the controlling voltage which
holds the crystal oscillator in lock, or,
putting it in different terms, the servo
loop is closed with a mall static error.
If the cry tal tends to drift, the phase
error changes, and the change in the
controlling voltage readjusts the react­
ance tube to hold the phase error to a
minimum. Since the crystal has a high Q,
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Figure 3. Block diagram of Type
1112-A Sta..dard Frequency Multi­

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

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

The frequency multiplication is ob­
tained by multiplying 3 x 3 and adding 1
in order to obtain 10 tim the input
frequency. Thi circuit arrangement
permits the u e of small receivinl!:-type
vacuum tubes up to the 1000-Mc stages
and makes pos ible the introduction of
a limiter to insure a constant drive level
for the phase detector.

The reflex klystron has a built-in
"reactance tube" in its repeller, which
allo\ys the operating frequency and
phase to be adju ted by variation of the
repeller voltage. A d-c amplifier i in-

corporated in the repeller
circuit to i olate the phase
detector from the repeller
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the instantaneous phase stabiljty of the
crystal oscillator is high, and the locked
oscillator then has good hort-term
stability, while its long-term stability
is identical with that of the frequency
standard used as the driving source.

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

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

The Type lllB-B Standard Frequency
Multiplier provides output at 1000 Mc
from a locked Idystron 0 cillator. In
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and to provide desirable stiffness in the
phase lock.

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

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

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

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

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

Figure 5. Rear view of Type 1112-A Standard Fre­
quency Multiplier showing arrangement af stages in

three horizontal rows.
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Figure 6. View of Type
1112-A Standard Fre­
quency Multiplier with
chassis assembly
swung open for main­
tenance, covers re­
moved from 1 to lO­
Me multiplier stages.

each row. These switches are visible at
the left side of the rear view. The entire
assembly swings out on hinges to allow
access to the components in each com­
partment (Figure 6). The meters on the
front panel are permanently connected
in one side of the balanced pha e-detec­
tor circuits for monitoring operating
level and for indicating 10 of lock.

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

Figure 7. Rear view of Type 1112-B Standard Fre­
quency Multiplier showing vertical chassis construc­

tion and r-f head (center).

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

Two separate and distinct applica­
tions have been kept in mind during the
development of this equipment. The
first, and most obvious, is the genera­
tion of stable, low-noise, microwave,
standard frequencie free from un­
wanted sideband frequencies, which are
often present in multiplier chams of
more conventional design. However, in
order to generate the desired marker
frequencie or microwave tandard fre­
quencies for various measurement pur­
poses, it is ometimes necessary to mix
or add signals of different frequencies.
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Figure 8. R-F head of Type 1112-8 Standard
Frequency Multiplier showing klystron in­
stalled in resonator (below) and grounded­
grid 1000-Mc amplifier with cover removed.
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lators for tability measurements. For
example, a pair of 100-kc oscillators may
be compared at 100 Mc, the frequency
variation bet\\'oon them being then
multiplied by 1000. A frequency differ­
ence of one part in 108

, for instance,
would appear as a one-cycle difference
at 100 megacycles, which is ea 'ily meas­
urable.

Figure 9. Schematic diagram showing parallel con­
nection of 1, 10, and 100-Mc output circuits for appli­
cation to generation of microwave harmonics. The

100-Mc signal is fed in separately.

Figure 10. Arrangement for paralleling output signals
of Type 1112-A and Type 1112-8 Standard Frequency

Multipliers using coaxial-line adding network.

The output circuits of the 1-, 10-, and
100-::\1c ta~e of the TYPE 1112-A

tandard Frequency Multiplier contain
coupling networks that allow all three
of these circuits to be connected in
parallel without short circuiting each
other. This arrangement is indicated in
FilTme 9 which also indicate a possible,., ,
method of adding the 1000-Mc ignal
from the TYPE 1112-B Standard Fre­
quency 1uItiplier. Another, and per­
haps better, method of adding the 1000­
1\lc signal is indicated in Figure 10. In
this arrangement, the signal from the
low-frequency unit is added to that from
the high-frequency unit in a tee, the
branches being isolated by mismatching.
A line stretcher in each branch allows
adju tment of the mismatch for maxi­
mum isolation. By use of these parallel­
ing schemes, it is possible to generate a
marker frequency or harmonic series of
marker frequencies at will in the micro­
wave system. For some applications, ad­
ditional power will be de irable, but for
many uses the output of the multipliers
wiII be adequate directly.

The second application is in the inter­
comparison of tandard-frequency oscil-

SET II TO ODD QUARTER

SET L2 TO ODD QUARTER

WAVELENGTH @ JOOOMe

WAVELENGTH @ 100 Me
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SPECIFICAliONS

JULY, 1958

3-wire (Type CAP-15) pO\yer cord. Type CAP­
35 2-wire cord is furni hed. Type CAP-15 3­
wire cord can be purchased separately at 2.25.
Mounting and Dimensions: Rclay-rack panel,
19 x 127:1: inches; over-all depth, llYz inches.
Net Weight: 25 pounds.

TYPE 1112-8 STANDARD FREQUENCY MULTIPLIER

Input: 20 milliwatts, 100 Me, sine wave from
TnI' 1112-A Standard-Frequency Multiplier;
50-ohm input impedance.
Output: 1000-Mc sine wave; 50 mw into 50-ohm
load; 50-ohm output impedance.
Net Weight: 35 pounds.

Other specifications are identical with those
for TYPE 1112-A, above.

TYPE 1112-A STANDARD FREQUENCY MULTIPLIER

Input: 1 volt, 100-kc sine wave from standard­
frequency oscillator. Can also be driven at in­
put frequencies of 1, 2.5, and 5 Me. Will run
free with no input signal, but absolute fre­
quency will be in error by evera! parts per
million unless tandardized.
Output: Four channels; one each of 1 Mc and
10 J\fc, and two of 100 Mc; all sine wave; all 50
ohm~; 20 milliwatts, max., into 50 ohms.
Terminals: TYPE 74 Coaxial Connectors; adap­
tor' are available to fit all common Iv used con­
nector types. See Experimenter for March, 1958.
Power Supply: 105 to 125 (or 210 to 250) volts, 50
to 60 cycles, 100 watt. Power input receptacle
will accept either 2-lvire (Type CAP-35) or

Type Code Word Price

1112-A
1112-8

Standard Frequency Multiplier. . . . . . . . . . . . . . . . . EPOCH
Standard Frequency Multiplier. . . . . . . . . . . . . . . . . EPODE

TYPE 1214-0 UNIT OSCILLATOR

$1450.00
1360.00

Accessories Supplied: Spare fuses; the power cord
is integral with the wut.
Tube: One 117N7-GT, which is supplied with
the instrument.
Mounti .•g: Aluminum panpl and sides fini~hed in
black-CJ'ackle lacqupr. Aluminum dust covpr
filushed in clear lacquer. Relay-rack adaptor
panel available.
Dimensions: (Height) 5% x (width) 5 x (d pth)
67:1: inches, over-all, not including power-line
COlmector cord. Net Weigh!: 4Yz pounds.

The TYPE 1214-AS2 Unit Oscillator,
which has been supplied for u e with
the TYPE 1611-B Capacitance Test
Bridge' in the measmement of elec­
trolytic capacitors at 120 cycles, has
no\\" been given the type number 1214-D.
Specifications, which were originally
published in the August, 1956, issue of
the Experimenter, remain unchanged,
and are reprinted belO\\".

l"Cap3citance Test Bridge. " General Radio Experimenter,
32,9. February. 195 ,pp. 6-8.

SPECIFICATlONS
Frequency: 120 cycles ±2%.
Output Impedance: Four impedancps to match
the impedance of the TYPE 1611-B Capaci­
tance Test Bridge at four multiplier positions.
Output: At least 2000 mw into matclwd load.
Distortion: Lps, than 3% into a matcbedload.
Terminals: The output terminals are jack-top
bindinr; posts with st:mdard %-inch pacing; a
ground terminal is provided, adjacent to one of
the output tprminals. Jack is provided for con­
necting external oscillator.
Power Supply: Unlike most instruments of the
Unit line, the power supply is built into the
instrument; 115 volts, 40-60 cycles; power con­
sumption is about 16 watts.

Type Code Word Price

1214-0 I Unit Oscillator . ABBOT $100.00
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SHORT DECAY-TIME IMPACT-NOISE
MEASUREMENT

10

Perhaps the greatest cause of noise in
offices (other than people) arc typewrit­
er , calculators, and other bu ine s ma­
chines. Aware of this, Underwood Cor­
poration's Gencral Research Laboratory
in Hartford, Connecticut, has, for over
twenty years, carried on a program of
mea urement and interpretation of busi­
ness-machine noiscs.

Koise from a typewriter is made up
of a serics of short-duration bursts of
sound. Continuous spectrum and band­
spcctrum analyzers arc not suited to the
measurcment of these extremely short
impact noi e . The General Radio TYPE
1556-A Noise Analyzer, however, has
been dcsigned pecifically to measure
this type of noise.

The decay times of the impact noi es
from typewriters are very short, and,
consequently, the 1Jnderwood Corpora­
tion found it convenient to modify the
Impact-Xoise Analyzer to have lowcr
time con tants for the time-averaging
circuit.

The modification for short decay-time
mea urement i ea ily accompli hed.
The time con tant of the analyzcr is
determined by an R-C circuit \\'hose
series rcsistanee is set with the analyzer's
TIl\IE COX 'TAKT switch. Anyone

Figure 1. Setup used by Underwood for noise anal­
yses of their "Golden Touch" typewriters. The
transients are picked up by the suspended micro­
phone, amplified by the Type 1551-A Sound-level
Meter, and then fed into the Type 1556-A Impact-

Noise Analyzer.

of seven different re i tances can be se­
lected to provide charging times from
2 milliseconds to 0.2 second. The recom­
mended modification procedure i to
change the capacitive element to a lo\\'er
value. For example, if this capacitance
is halYed, all the timc constants of the
circuit are divided by 2 or if the yalue
i reduced by a factor of 5 the time con­
stants are then divided by 5.

Figure 1 shows an over-all view of the
measuring setup used at thc General
Research Laboratories of the Under­
wood Corporation. The case and rapid­
ity of measurement pos ible with the
TYPE 1556-A Impact-Koise Analyzer
permitted extcnsive investigation into
the nature of impact noises. Measure-

Figure 2. Oscillogram of typical typewriter noise.
First impact occurs when bar strikes the platen ­
peak value is approximately 115 db and lasts about
3 milliseconds. A second peak occurs some SO msec

later when type bar returns to its rest position.
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ments could be made quickly and con­
veniently to ascertain the effects of vari­
ous typewriter modifications. No elabo­
rate test equipment other than the
Impact-Noise Analyzer and the Sound­
Level Meter were required for prelimi­
nary measmements. Oscilloscopes, tape
recorders, and other test equipment were

neces ary only when detailed investiga­
tions were required .(Figure 2).

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

VARIAC® USED IN THE JETCAL ANALYZER
AND TESTER

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

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

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

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

conveniently to the aircraft to be tested.

the aircraft is parked; (2) the Jetcal
test system is isolated from the aircraft's
system and thus provides means for
checking and calibrating engines and
cockpit instruments free of elTors or
limitations in the aircraft systems.

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

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

ill ""

,
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l' si,tan e heaters in th heater pr bes,
\\'hic'h apply accuralely m n, ured heat
t jet engine thermocouple (or 0 other
thermal y tem. ),

D p nding UI on lin. voltUlJ"C avail­
able, the Yaria will vary the tempera­
tme of the Jet a)" ",ire-I\' und I' i'l­
ance heater1:> [rom a t approximately
aoo d<'l1;I'(,('" e('nli,,'l'tHle.

'1 he J('IC'U1 ojwmt '. on uny \);,)-to-135
volt, 50--100 e:rel , A ' pow('r Hupply, in
1, mperature' of -5[0 . ( '50 1'.) to
71 0 ,(WO° F,),

:iue th' ai!'craft, xhau, t gas tem­
peratur(' 1:>yste111 i1:> functiunall.I' eh cke 1
wi IhOllL lhe cll~in running, the Jeteal
'lehie\'cs impol'l~Ull savings . [wing;;
of fu('l, s~l\'ill"'S of maintenance mUIl­

hOlln" .'a\·ill~" of cJl~inc operating lif('.
JTere', just one cxamplt' of sa\'ingH:
Prior to Jelenl onc major airemft manu­
facturer had to make an a\'l'ra~(' or
threc flight. - at un f1\'('ra~e ,'(;')'2.57
per hour to eh ck f1 j('t planr'.. e )ck­
pi t indieatol' of t, il pipe l cmprmture.
With i he J leal, the E(;T sy,'[em is
ealibral<'d to within ± 40

., without,
flight 01' ngine mnning.

If lest bv Jelcal . hows hat an (,n-,

gille H En1 "~'''[l'm is not run·t ianing
within allow d tol runc th Jetcal I"ill

Figure 2. View of intorior of Jotcol, showing the
Type V-20 Variac HI Autotransformer in position.

tr llbl . ho t and i, alate en rs in th
sy,'(em - still without, the engine I'lm-

•

lllJ1~ .

L'h '\ aria. \l'a s le('[ d for the.J tcal
by n " II design ('ngill('<'l" IH'('UUSC it
full \' 1110('(1:> B &; II sl ~lIIdards i 0 assure•

rf'liability und uurubilit ill sW'ltain d•

fielu us .
Je(cub, wi 11 VariiH's und oth('r high­

C' quality ('ompol1('IIL hal' b en
pI' veu in world-\\'iu op rational use.

101'. (hlUl 3000.J tcals al'€' I ring Ul'! d
h~' flw L'ni(f'<! ,'ta(l's l\ir Force, Army
and XiWY, the NATO force., j 1, cngin
and aircraft, manuIadur 1", and airline..

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

General Radio Company
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The Type 1603-A Z-Y
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use in the Electronic Design
Department of The Foxboro
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poise Drive," self-balanc­
ing recorder element.
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THE TYPE W20 A NEW
20-AMPERE VARIAC® AUTOTRANSFORMER

ariac unlik automobiles, ar not
re tyl d each year to mrct the whims
r a! 01' fan ied of h~rpotheti('nl pLU'­
cha I". Theil' de. ign i the result of
long-term, frequently revicwcd plan­
ning, the purp s of which i to upply
th b t possib! continuotl.ly adju t­
ahle autotran. former. for today' dollar.
Barring radi a! improvement in cco­
nomically justifiable cor m~Ltcl'ial or
a camp titiv ly priced superconductor,
Yal'iacs 10 cl approach the optimum
design riteria.

The de ign featill' s of IV-mod I Vari­
acs, all' ady prov din th W2 W5 and
\\ 50 siz ,have now h en incorporated
in the new TYPE W20 'cries. The e
f at.ure, which W re di cus cd in a
previou article, I make th IV-model
Yariac® a more rugged, more adaptab!
and more dLU'able device han it. prcd
c 'SOl' .

You will fmd wrought metallic parts
sub titut d for ca ,tings in the int re t of

I"The TYPE W 5 ""ria'jO> - A Xew and B t ter Varia hie
AutotraMformer," Gene",l Radio Ezperillltnfer, 3D. 7,
December, 1955.

Figure 2. Type W20M, with case.

Figure 1. Uncased, 11 S-volt madel, Type W20.

improv d m chanica! prop rti , Heat
tran f l' b tween coil ami ba , brush
and radiator has b en improv d. Ball­
bearing model for motor-driv and
other demanding application ar La k
item. Totally ell -10 'eel ami I ortabl
model are included in th n \\' lin .

1I \\'20 model have Durairak con-
tact surfac develop d by G neral
Radi , which minimiz brush-tra 'k d
t riorati n under aclver e environmental
or load conditiO) and a ure long and
trouble-fre life.

Basic Uncased Models - Types W20r

W20H

Th two unca d model , TYPE ,'1'20
for 11 --volt service and TYPE W20H for
23 -volt service, are normally 11 ed for
back-of-panel mountin on s\\-itchbonrcl
l' built into ela tri 'al equipment, a

shown in Figur 1, but, when the baft

•
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is extended on the winding ide rather
than the ba e plate ide and the dial
attached to the knob they can also be
u ed on a bench or table. Thi arrange­
ment, ho,,' vel', afford no prot ction
again t 1 ctric hock or against ac­
cidental damage to the aria from
abra ion.

Cased Models - Types W20M,
W20MH

The e mod I each consi ting of a
ba ic TYPE , 20 or W20H Variac~
mounted in an aluminum ea e ar £In­
i hed in attractive gray enamel. For
conduit or armored cable, case are pro­
"ided with four knockout, two on the
end and one on each id. There i
:unple pace in ide th ea e for wiring.
Th front half of the ca e is ea ily re­
movable for a c to terminal mount­
ing hoi ,and bru h. The e mod I are
ea y to in all- on wall, on b nch, or
behind pan 1.

Portable Models - Types W20MT3,
W20HMT3

The portable model include, in ad­
dition to the ea a 3-,,,ire output re­
c ptade an on-off witch and an over-

I

Figure 3. Portoble model, Type W20MT3, with case,
overload breaker, J.... wire output receptacle, and

heavy-duty cord and plug.

load circuit br aker, which trips on
either exces ive cw'!' nt I' xce -ively­
high prolona d opera ing temperature.
Heavy-duty, 3-wir cord and plug ar
perman ntly attached.

I

GENERAL SPECIFICATIONS
Frequency: pecification are for 50- to 60­
cycle service. Varia an be operated at rated
current and voltage at lin fr quencie. from 50
to 400 cycle .
Rated Current can be drawn from the , ariac at
any dial positi n. When the overvoltage con­
nection i \L~rd, th I ad 'hould not take more
than rated current at maximum output voltag .
Maximum Current can b dra.Wll at the input
line voltage whrll thr linr-vo!tuge connection
is Ul'ed. At any lower setting thr ariac \I-ill
control a constant-impedance load drawillg no
more than til maximum current atline voltage.
Output Voltage i.' th rung of voltage available
at the output terminals with rated input voltage.
Dials: Portable model.- (1T3, llMT3) are
\\ ir d for overvoltage connection and have cor­
responding dial. cal but an b upplied on
pecial order with line-voltage connections and

dials.

Dial plate>; for all 0 her models are rever ible,
with line-voltage scale on one face and over­
volt.age on the other. Angl of rotation is
approxima ely 320 degre '.
Une-Voltage or Overvoltage Output Connections:
"Line-\'oltage 'onnection" r f I' to the con­
II clion for outpu voltage range of zero to line
vol tag . "Ov r\"oltage onnection" refer to
the connection for ou (put voltage range of zero
to 17% above line voltage.
KVA Rating i h m:n:imum current multiplied
by normal input line vol tag . A Variac can
handle, at any low I' etting, a cons ant.-im­
prdance load that draws at rated input volt­
age a current no greater than the maximum
current.
Temperoture Rise: Variac rating' arc bal! d on
opcrali n at ordinllry room temperatur ,wi h
an avera~ temp rature rise of not more than
50·e. When ambient tempcratur exc d
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.'moe., kva ratings should be decreased as
hown in the chart, Figure 6.

No-load lass: 27 wa ts at 60 cycle with rated
input voltage. 1,0, are guaranteed no
excc('d till valu.
Driving Torque is th torque requir d to turn
the Variac haft: 55 to 110 ounce inches for
single uni .

Panel Thickness is th maximum thickne of
the panel on which he ariac can be mounted,
with th haft normally .upplied: 15/32 inch.
Dimensions: ncased model, base 7~ x 7~

inch , depth behind panel 4% inch ; case
dimen ion, (wi th) % x (height) 115 6 x
(depth) 5% inche"
Weight: ee individual sp cifications.

Mne-Vollage Ol'ert'ollage
C07lneclion onneclion- -:::l ;:l

P. P. - .",-<:e
~ - -

~
:::l :::l ""'t '"...

-"" - - -OJ § • •
;:!~ ::.~

~ .
~~- ~A. P..<:J .'" - .... <:'.'

~;;'" l-lP. P."'- OJ

P.~ c P.':::: -~ -- ell': ..=-~ -- c~~
_:::l ~ .~

;:" ~ ~~
<::> ... :::l~ "",'" :::l~ :::l~ ;;,;...., c

E-..el ~~ ~~ "-' ~ 0..,... .....
W20 115 20 0-]]5 26 3.0 0-135 20 21% FEDAL $45.00

ncased
W20M 115 20 0-115 26 3.0 0-135 20 24Y2 FEDER 58.00

With case
W20MT3 115 0-135 20 2Ys FEDO~ 87.00

P rtabl
W20H 230 0-230 10.4 2.4 0-270 20X( MEPAL 47.00

Un ased 115 4 0-270 4
W20HM 230 0-230 10.4 2.4 0-270 23% !\lEPER 60.00

itb case 115 4 o 270 4
W20HMT3 230 0-270 27 MEPO~ 85.00

Portable

BALL BEARINGS

II 20-model", ariacs can b
plied with ball bearing. Wh n
ing add th lIllix BB to th
number and add 0 the pri

IIp­
ord r­

type
the

amoun
Model
, ingle
2-gan
3-gang

hown in th follo"'ing tabl :
Ilrcharge for Ball Bearings

$8.00
10.00
12.00

Type W20 and Type W20H Variaes are approved by the Underwriters' Laboratories

181.00

175.00
104.00

129.00
153.00

125.00
147.00

Price
$100.00

FEDALDONDI­

F£DALGANTY

fEDA LBONTY

,MJ::PALGANDtT

~fEPALB01'iDr

~IEPALGA TY

IMEPALDOKTY

115
230

113 FBDALGASDI"

230
115

y

5.2
TYPE W20G2

]0.4
THE W20G3

230
<160

4.2 230
TYPE \Y20TTG2

I 230
.3 -160

a TYPE \y20HG3

6

4.

arne a

arne a

I

6

Load Rafing KVA

amen

9 I
4.

7.2

ParaUeI ri 8 Della

GANGED MODELS
of IY20-model ariac:; ar available eith r uncased or with cases.

Inpnt
Dine
Volts ode Word

2-gang W20 with case.
3-gang Type W20 ••....

2-gang W20HM ..•....
3-gang Type W20H .•.•

2-gong Type W20 •.•...

3-gang W20H with case

3-gang W20 with case.
2-gang Type W20H ....

Type

2- and 3-g:\llg assemblic

W20G2

W20HG2M
W20HG3

W20G2M
W20G3

W20G3M
W20HG2

W20HG3M
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Figure 4. Uncased three-gang assembly,
Type W20G3.

MOTOR DRIVE

Figure 5. Three-gang assembly with case,
Type W2OG3M.

Figure 6. For ambient temperatures above 50°C.,
Variacs should be derated according to this curve.
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i\. with other ,Y-mockl "ariac,
motor-dri \'en uni l' und a., emblie can
be. uppli d. The I' simple, re1aliwly in­
expen 'i\'e drivrs aJ'r avuilubl for hoth
er\'o and rrm lr po. itioning applica­

tion:. 'U.'(\' :imilar to those u -cd on
ganged a. sC'mhlie. (Figure 2) can be
'uppliC'd for application: whC'r com­
pi t C'ndosurp i, d . ired.

Th(' pricc for mot I' Iri\'c \'uriC'. with
th quantity ordNed. ,Ye shall be glad
to quotC' pric'c.- and to reeommrnd the
model br, t. uited to your rcquir ment .

TYPE 1201-8 UNIT REGULATED POWER SUPPLY
Th l'nit Re~ulated Power ,'upply

has been rC'(k:i~ned for reducC'd ripple
volluO'c and mol' nearly can. tant au t-

put volta~e. Th n w mod I number i
TYPE 1201-TI. Th d-c output \'oltage of
thc new in trum nt icon. tant within
±3401 for all values of load current and
line voltage and th rippl voltage i
Ie, than 1 milli volt (120 cp ) at full
load. Th TYPE l:..Ol-B unit R gulated
Po\\'er upply if) recommended for u e
,,'ith Gen ral Hadio 'nit In'truments
a \\'ell a with other equipment in ap­
plication wh r line-voltag fluctua-
tion ar riOl!.

SPECIFICATIONS
Output: 300 v dc (±1~) at 70 rna.

6.3 v ac at 4 amp, (unregulated),
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mounted on cabin t sid for other nit Instru­
ment .
Accessories Supplied: T,inc cord; Q1ating plug for
quipmen other than Unit lnstrumen '.

Mounting: Black-trllckl('-nn"h aluminum pan I
and sid ;;. Aluminum cover filii 'h d in dear
lacquer.
Dimensions: Width 5 ill., heigh 5% in., d pth
6;4 in. over-all, not including power cord.
Weight: 6 pounds.

Regulation: D-c output voltage is Call tant
within ±YJ o/c for all valu s of load current
and line volhlge.
Ripple: L('gs than 1 mv (120 p.') at full load.

Internal Impedance: 0.4J"1 + 10 I'h (max).

Input: 105-125 volt, 50-GO cps 87 w, full load
at 115 v.
Connectors: Lin(' cord pNmallent!y aU(lch('d
to in,.,t rurn('nl. 'tundard 4-point connector

Type

1201-B I Unit Regulated Power Supply ". ' I
'ode Word

I
Price

$85.00

EQUIPMENT LEASING
In our dynamic conomy capita.l

equipm nt user. often fa. e the problem
of a. Quiring larg quantij ie of uip­
m n f r modernization, xp:m. i( n, re­
placement, and f I' Go\' l'llment c n­
tract. Thi d mand for apital quip­
ment can ti up substa.ntial amount. of
working capital thaL miO'hL b mol'
profitably u c;>d oth I'\\'i . Be 'au f
thi, th I' i a strong tren I toward
lasing \\'hi h ha been sparl-ed by th
gro\\-ing realization that it rna b I ett I'

to pay f l' th u (' of cquipm nL ou f
current income than to pay for \\'11er-
hip out of ~ a t pI' fit , d bt, 01' quity

financing. Th(' l' lIowing b('J)dits may
b realiz cI by lea ing teo t quipment:

(l) Liqui I capital an b mo prof­
itabl employed.

(2) Equipm nt '0 t ca.n be J in­
point d to , pecifi . projcct or c ntract..

(3) (io\'ernment C'ontract can b pa.r­
tially finan 'ed on a lea' , hasis.,

('-1) l\I nthly payment. ('an b handl d
a' an op rating exp n e.

(5) The II rmal reclit po 1 is not
dried up, leaying ea h and barr wing
facilitie intnct for oth I' purp e.

(6) ITew in, trumcnt. are aeq1.1ir d on
a pay-i t.·-\\,ay ba i '.

(7) Becau. e equipm nt can be lea ed
long b fore funds can b mad a\'ailable

through inflexibl capital blldg t x-
pen ·i\· d lay an b avoid d.

() Y 11 t making haY)' demand' on
liquid en h, I a ing ncourage mana'e­
m nt to pI' \'ide their valuabl ngi­
n ring talent \\'ith th mO. t offici nL
up-to-date in'trum ntaUon. The I' 'lllL
i an in '1'( a:c in output per man-h ur.

To m t thi· n d for len ed in tru­
m nt a number of r putabl concerns
pr vid lea. iug el'\'ieo for credit­
worthy companie' in th el ctronic in­
lu try, It i· imp rtant to not that th .

c mpanie Las(' quipm nL and do not
rent equipm nt. Th dilTer nee i that
I a d equipment i pnrcha eel by a
I a ing company on pocifi· I'd l' from
th us l' cJld plac I in th us r' plan t
uncleI' 1 a ing arran ement, \\'hor a
ront d equipm J t implie that l1l1 in­
v ntor}' of in.. trument iR available for
bort-term 'poradic demand. Be 'uu e

of th xLrem di \'01' ity of mod rn
•

el 'tronic in::;truillcntation. th capital
demand. for maintaining an in, trum nt
inv ntor arc a grcat that renlal- ervi'
compani have not volv d. far as
we know, no lc;>a ing company tocks
cquipment for l' nt.

How doe on go about I 'a 'ing an
in trumen .? Th first s op i to cloL 1'­

min what in trument you n d and
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who manufa ture it. Thi tep i no
different than the making of a r rular
capital purcha e. ou look ov r th field
and I ct the in lrum nand manufac­
lurer who ha lh d ired in trumen~.

You then g t in touch with hi al
D partment to di Cll th technical
details and inquire abou d livery and

. Do not go to a lea 'iug company f r
t chnical detail or p cifieati n of the
in trum nt. n yOll hav e tabli h
in C op ration with th quipment man­
ufactur r, th parti 'ular in trum n de­
. ired, lh 11 g to th I a 'iug eompany.
Th . I a ing company will furni h you
with a qu talion for th I a ing of th
'p -ifi' in truro nt tha y II hay se­
lect d. If th I a iug t rm ar a c pt­
ab] t y u, a I a will bp dra'\1l and
upon execution th I a, iug compan ' \\'ill
plac a purcha rd r with th quip­
m nt manufacturer dir cting _hipm n
to th U.N. 11 equipm nt warranti
olI rd by the manufa turer ar ex­
t nd d t th 1I r. With ' n ral Hadio

ompany, all in trumenu carry a two-
v ar warrantv. h uld vou have a• • •

eryic probl m after pur ha ing th
in trum nl, all n gotialion w uld b
direc I r belwe n you and th manufac­
turer. i\10 I ctroruc quipment is
I a 00 on n 3 -m nth ba i . Thereafter,
annunl l' n \Val ar mad availnbl at
nominal rat s.

typical exampl i th purcha e of
a n ral Radio TYPE J10 -AP Primary
Frequ n y landaI'd. Th -atalo pri e
f r thi in trum nt i ,2+40. Th '0 t
p . month f r th Frequ ncy tandard
will be approximatel O. -0 for 36
month. If at th end f th 36-month
p riod you wi I to r 11 \\' th I ,i
nn be d n for ]4. 0 P r annum.

\ h n a larg r-d llar-volum i inv IvOO,
th rale may b rOOuc d m what, de­
p ndjng up n the compl xity of th

I'd r.
It may ben from th e rat that

it i p ibl thr ugh I a ing to k p
your laboratory and pr duction t t
quipm nt completely mod rniz d a

a nominal 0 ~ and till hay capit I
ayailabl for oth l' inv tm nts.

- ROllERT B. Rr IDfO D

EXHIBIT CALENDAR
During th month' of .'eptemb l' and

v",t b r, many of the ne\\" Rt ueral
Hadio in tl'ument ,,;11 b on di 'play
at th lechni -al m in. and onven­
tion Ii 1 d b low. A cordial invitati n

j ext nd d to all Exp rimcnl r read r
wh all n I th 'ouynti n to vi it
th l1eral 1 adio booth. and to talk
ov l' your mea Ul' m nt probl ms with

•Ul' ngm el' .

IRE CONFERENCE ON COMMUNICATIONS CEDAR RAPIDS, IOWA

NATIONAl ELECTRONICS CONFERENCE

September 12 and 13, 1958

IRE CANADIAN CONVENTION
October 8-9-10, 1958

Odober 13-14-15, 1958

Booths 111 and 112

Booth 450

Booths 172, 173, 174

Sheroton MontrosG Hotel

TORONTO, CANADA
Exhibition Park

CHICAGO, ILLINOIS
Hotel Sherman

General Radio Company
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The primary function of the General
Radio Sound-Level Meter is noise meas­
urement - noise generated by machine
and appliances, environmental noi e,
and the propagation of noise by materials
and structures. With its many acce 0­

ries, however, it also comprises a com­
plete ound-measuring system, capable
of accurate sound-pressure measure­
ments, ound-spectrum analysis, and
other acoustic measurements.

The late t model of this versatile in­
strument, TYPE 1551-B, is smaller,
lighter, and easier to hold than it pred­
ecessor'· Z and, in addition, has many
worthwhile new technical features and
improvements. Among these are:

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

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

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

IE. E. Gross, "TYPE 1551-A Sound-Level :\reler," General
Radio Experimenter, Yol. 26, No. 10, :-rar h, 1952.

zE. E. Oro 5, "The Qund-LeYell\feter as an Audio Fre­
quency Voltmeter and Amplifier," General Radio Experi­
menter, Vol. 31, No. ,January, 1957.

IMPROVED
PERFORMANCE

PLUS
A NEW LOOK

FOR THE
SOUND-LEVEL METER

Figure 1. Panel view of the Sound-level Meter, with
microphone folded down in OFF position. In operat­
ing position, microphone can be either erect, as
shown on front cover, or extending outward from

case.

4. A new adjustment for microphone
sensitivity, which facilitates the u e of
pecial-purpose microphones.

5. Improved signal-to-noise ratio and
dynamic range. The e make possible the
u e of spectrum analyzers over a greater
amplitude range so that noi es "'ith a
steeper spectrum lope can be analyzed.

6. Improved frequency respon e,
which permits increased accuracy of
measurement.

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

8. Improved stability, requiring less
frequent calibration adjustments.

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

MICROPHONE

Choice of the proper microphone to
serve a the acoustic pickup for a high-
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Figure 2. Free-fleld, perpendicular incidence (0 degrees) frequency response of Type 1560-P1 (98899) and
Type 759-310 (9898) Microphone.

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

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

METER CIRCUIT
For many years American sound-level

meters built to conform to the standard

'John Meddil1, "A Miniature Piezo Electric Microphone,"
Transactions a/the IRE Professional Group on Audio} Vol.
AU I, No.6, November-December, 1953.

4American Standards Association, American Standard for
Sound-Level Meters for Mea urement of Noise and Otber
Sounds. Z24.3-1944.

Figure 3. Free-fleld frequency response of Type 1551-8 Sound-Level Meter to sounds of random incidence
(e weighting). Average and extreme values for 18 microphones are shown, together with ASA tolerances.
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Figure 4.. Quasi-rms meter circuit used in Type
1551-B, and response of meter etrcuils in both -8
and -A models to pulses of constant amplitude and

varying duration.

In Column 2, the signal consisted of
two tones, one at 1000 cps set to give a
convenient indication on the meter. The
other tone differs from 3000 cps by a
few cycles and has 30% the amplitude
of the first. A true rms meter will how
no fluctuation with this type signal.
Column 3 refers to the two-signal test
outlined in the Sound-Level Meter

4
Standard.

The solid cmves shown in Fio-ure 4
show the response of the new meter and
its predece SOl' to pulses of constant
height but varying length. It can be
seen that the new meter indicates the
rms value (upper dotted cmve) within
± 1 db until the pulse duration becomes
as short as ~5th that of a square wave.
SR. L. Frank, HHarmoni~ Insensi~jvc R~ctifi('rs. for AC
'\leasurpments," Proceedtngs Nahonal Electron:lc.~ Con­
jerence, Vol. 8,1952, pp_ 495-505.
"Arnold P. G. Peterson, "Response of P,,:uk Voltmeters to
RHnrlom Noise," General RadtO Expf.'Ttmenler, Vol. 31,

o. 7, December, 195G, pp_ 3-8.

referred to before have used, as indi­
cators, full-wave rectifier meters, with
rectifiers operating in the low-densIty
reo-ion to approximate square-law opera-

o .
hon. These meters were basJCally aver-
age-reading indicators and, although
they met the two-tone test for rms re­
sponse, their indication were much closer
to average than rms on most other tests.

The new meter circuit developed for
use in this sound-level meter, while it is
not a true rms indicator, indicates much
more closely to the rms value than did
the previous meter. Simply stated, the
new meter circuit shown in Figure 4
combines an average-reading circuit
with a peak-reading circuit to create

11 d th " .,,,what we have ca e e quasI-IllS
indicating circuit. Since the rms value
of most waveforms fall above £he aver­
aO'e value but below the peak value, itb

was reasoned that a portion of the peak
indication added to the average value of
a o'iven waveform should result in an
rm~ indication,s. " This is true, but differ­
ent waveforms require different amounts
of peak indication to give the rIDS value.
In the circuit shown in Figure 4, the
ratio of R-2 to R-l determines the
amount of the peak contribution, and
one set of values will give an indication
on many signals that is very close to
rms. Table I below shows the decibel
difference between the indication of a
true rms meter and the new meter cir­
cuit, an averap;e meter, and the meter iJ!
the older TYPE 1551-A for several test
signals.

TABLE I

Difference in Meter Indication and RMS
Decibels

db Fluctuation with Phase Changes For For ForType
Two-Signal Squa?'e Noiseat 30% 3rd HarmonicMeter

Addition Waves

-0.250.45 +.05 +0.11551-8
-1.0 +1.0 -1.01.8AVE.
-0.4 +0.6 -1.01551-A 1.7
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Figure 5. Showing the magnifying aelion of the
calibration check circuit.

7Arnold P. G. Peterson, "The l\'[ensurement of Ilnpact
Noise." General Radio Experimenter. Vol. 3D, No.9, Feb­
ruary I 1956.
• \\'. R. Thurston, "The Basis for Field Checking S0und
Meter Calibration," General Radio Experimenter, Yol. 27.
No.6, November, 1952.

MICROPHONE SENSITIVITY
ADJUSTMENT

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

The attenuator in the new calibration
circuit is calibrated directly in terms of
microphone sensitivity from ---49 to
-51 db re 1 volt per iLbar. This attenu­
ator is normally preset in our laboratory
to match the microphone supplied. The
usual setting i in the region of -58 db.

Figure 6. Location of microphone sensitivity
adjustment.

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

10 CO.

o

DECI
GENERAL

A

CALIBRATION CIRCUIT

All General Radio Sound-Level
Meters have had built-in calibration
circuits for checking amplifier gain.· The
method used in previous models re­
quired a 115-volt, 50-cycle line, which
often was not convenient and orne­
times not possible. The new method,
like the old, equates the amplifier gain
to a stable, resi tive attenuator, but the
method of comparison is simplified. The
output of the amplifier with its internal
attenuators is connected back to the
input through a frequency-determining
network and a preset calibrated attenu­
ater. When the net loop gain i unity
(i.e., when gain equals attenuation), the
system starts to oscillate.

One might expect that the sudden
tart of oscillation when the critical,

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

This is well into the impact-type wave­
forms, which should be measured using
the TYPE 1555-A Impact- T oise An­
alyzer.' The TYPE 1551-A Meter and
other sound-level meters do not approach
closely either the rms or the average re­
spon e for this type of signal.
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To use a microphone with a -55 db
en itivity, one merely sets the micro­

phone sensitivity adju tment ( ee Figure
6) to -55 and readjusts the amplifier
gain until the meter needle fall in the
area AOA' of Figure 5; the sound-level
meter is then direct reading with that
microphone.

SIGNAL-TO-NOISE RATIO AND
DYNAMIC RANGE

One of the operating characteristic
of a sound-level meter which becomes
important ,,.hen an analyzer" is used is
the internal noi e level with respect to
the desired signal. This is particularly
true when the noise being analyzed has
a loping pectrum. This signal-to-noise
ratio has been sub tantially improved
in the new instrument. The attenuator
controlled by the panel DECIBELS witch
has been distributed throughout the
amplifier to keep all tubes operating at
a high a signal level as pos ible and
hence to increase the signal-to-noise
ratio. The improvement in signal-to­
noise ratio and, hence, in dynamic range
i apparent from the figmes in Table II
below.

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

"AR, for instance, the General Radio TYPE l550-A Octave­
Band Analyzer and the TYPE ?60-B Sound Analyzer.

strument for all attenuator settings
above 60 db i greater than 70 db in the
octave band and of the order of 68 db
over the frequency range of 20 to 10,000
cps.

FREQUENCY RESPONSE

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

A. The new microphone has a mooth­
er high-frequency response. Manufac­
turer's tolerance on the allowable vari­
ation in the re pon e of the microphone
have been appreciably reduced.

B. The frequency re ponses of the
range attenuators have been improved
and these characteristics are more
clo ely controll d.

C. Modifications in the amplifier de-
ign have resulted in a greater band­

width. Figure 7 shows the re ponse of
the new amplifier over the frequency
range of 10 cp to 50 kc.

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

E. The new indicating meter in the
TYPE 1551-B has no ob ervable fre­
quency error in the usable range.

PERFORMANCE AT
HIGH SOUND LEVELS

The maximum attenuator setting has

TABLE II

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

BAND-CPS 20- 20- 75- 150- 800- 600- 1200- 2400- 4800-
10,000 75 150 800 600 1200 2400 4800 10,000

Type 1551-B 58 66 71 72 71 69.5 67 65 62
Type 1551-A 37 56 56 55 52 49.5 46.5 44 40

Improvement 21 10 15 17 19 20 20.5 21 22
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been increased from 130 to 140 db, mak­
ing the direct-reading range of the in­
strument 24 to 150 db above the refer­
ence pressure level of .0002 ,ubar. The
numerous factor that contribute to the
improved signal-to-noise ratio also im­
prove the operation of the instrument
in high sound fields. l\Iuch attention has
been given to the problem of keeping
the microphonic signals at a minimum
in this new in ·trument. Microphonics
due to vibrations and airborne sound are
reduced by the use of low-noise cable
throughout the instrument, by improve­
ment in the 'hock and vibration mount­
ing of the amplifier compartment, and
by the mounting of all tubes between
soft rubber pads. Measurements made
in high sound fields, ho\yever, should be
carried out with great care, and one
should exercise the usual precautionary
mea ures to determine that microphon­
ics are at a afe level.

STABILITY

Increa ed stability of the amplifier
was an important objective in the rede­
sign of the ound-Ievel meter. The
change clIecting the greatest part of
the improved stability is the addition
of a voltage-reference diode, \\'hich
maintains con tant plate voltage on tht'
first two amplifier stages o\'er the full
operating range of the B+plate battery.
Other contributing factors are increased
negative feedback around the main am­
plifier, made po sible by an increa c in
the gain of the second amplifier stage,
and conversion of the output amplifier
from a vacuum tube to a transistor con­
nected as an emitter follower.

Figure 7. Frequency response of amplifier in Type
1SS 1-B Sound-Level Meter (weighting switch set

at 20 kc).

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

A-C POWER SUPPLY

Batteries are the normal power sup­
ply of the sound-level meter, as listed
in the specifications. A-C pO\\'er is more
convenient for laboratory use, hO\\'ever,
and the TYPE 1252-B A-C PO\\'er

upply is available for such applications.
Thi small power unit mount. directly
on the end of the TYPE 1551-B and
connections are made bet\\'een the t\\·o
by means of a 5-tcrminal COllilector
\\"hen the supply is 0 mounted. The
supply can be operated from either a
105-125-volt, 50-50 cycle line or a 210­
250-volt. 50-60-cycle line. Two \vell­
filtered filament supplies and a plate
supply are provided. Stability of the
amplifiers in the TYPE 1551-B is such
that normal line voltage variation cau es
negligible change in meter reading.

CARRYING CASE

The sruelded aluminum cabinet, fin­
ished in dark-gray crackle, is a rugged
and durable carrying case which affords
adequate protection to the interior ele-
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ments. To make field use of the new
meter as convenient as po . ible, how­
ever, an ever-ready type leather carrying
case is now available. This ca e, the
TYPE 1551-P2, is illustrated on the cover,
protects the sound-level meter in transit,
and provides a handy carrying handle.
With the long strap placed over the
houlder, the instrument can easily be

tarried and can be operated without
removal from the case.

ACCESSORIES

The full line of accessories for the
A-model sound-level meter can be u ed
equally well with the new model. These
include acoustic calibrator, dynamic and

conden er microphones, vibration pick­
up, and spectrum analyzer . The new
ound-Ievel meter uses a different type

of plug-in connector for the micro­
phone, and an adaptor is furnished
with each accessory instrument that
requires it.

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

-E. E. GROSS

SPECIFICAliONS

Sound-level Range: From 24 db to 150 db (re
0.0002 microbar).
Frequency Characteristics: Anyone of four re­
pon e characteristic , A, B, C, and 20 kc, can

be elected by a panel switch.
The A and B weighting positions approxi­

mate thc response of the ear to pure tone
referred to a 40-db level and a 70-db level,
re pectively, at 1000 cps.

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

The 20 kc po ition allon's the use of thp com­
plete frequency re ponse of the sound-level
meter's amplifier, which is flat from 20 c to
20 kc, so that complete use can be made of
wide-range microphones such as the General
Radio TYPE 1551-P1 Condenser Microphone
• ystems.
Microphone: The microphone is a high-quality
Rochelle-salt-crystal diaphragm type. Con­
denser and dynamic microphones are available

•as accessones.
Sound-level Indication: The sow1d level is indi­
cated by the swn of the readings of the meter
and attenuator witch. The clearly marked,
open-scale meter covers a span of 16 db with
calibration from -6 to 10 db. The attenuator
i calibrated in 10-db steps from 30 to 140 db
above the standard reference level.
Output: An output of 1 volt across 20,000 ohms
(when the panel meter is at full scale) is avail­
able at an output jack. The output can be used
to drive frequency analyzers, recorder, and
oscillographs.

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

Calibration: Internal means are provided for
standardizlng the sensitivity of the electrical
circuits in the sound-level meter. After stand­
ardization, the accuracy of sound-level meas­
urcments, al' specified in ASA standards, is
within ± 1 db for avprage machinery noise.
The TYPE 1552-B Sound-Level Calibrator is
available for making periodic acoustic checks
on the over-all calibration, including micro­
phone.

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

Power Supply: Two 1Y2-volt size D flashlight
cells (Rayovac 2LP or equivalent) and one
67Y2-volt Burge s XX45 battery or equivalent
are supplied. The TYPE 1262-B Power Supply
for a-c operation is available.

Tube Complement: Four Raytheon CK-512-AX
and two Raytheon CK 641 tubes; one RCA
2 J105 tran. istor.

Accessories Supplied: Telephone pi ug.

Cabinet: Shielded aluminum cabinet, finished in
gray crackle, which serves as a convenient and
rugged carrying case. A leather carrying case
is available, which permit operation of the
instrwnent without removal from the ca e.
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Dimensions: Sound-level meter only, (depth)
6Ys x (length) 9Y-t x (width) 7Y-t inches, over­
all; with a-c power supply attachl'd, 6Ys x
12% x 7Y-t inches.

Net Weight: 7 pOlUlds, 10 ounces with batteries;
9 pounds, with a-e power .upply; a-c power
upply only, 2 pounds, 8 OWlces; leather case,

2 pounds.

Type Code Word Price

1551-B

1262-B
15S1-P2

Sound-level Meter* .......................••.•
Set of Replocement BaHeries ..................•
Power Supply .
leather Carrying Case .

MIMIC
l\IThIlCADBAT
MANLY
CALYX

$395.00
3.90

70.00
20.00

*Litcnscd unoer patents of the American Telephone and Telegraph Company.

A THREE-TERMINAL PRECISION CAPACITOR
The normal construction of the TYPE

722 Precision Capacitor is with the rotor
grounded to the frame and panel. Such
construction gives what is normally
referred to as a two-terminal capacitor,
with one terminal connected to the
ground of the unit and, in turn, to the
ground of the measming circuit.

In ome measuring circuit it is nece ­
sary or desirable to have both terminals
of the variable capacitor at other than
ground potential. This is the so-called
three-terminal con truction, ground be­
ing the third terminal. We have built a
great many capacitor of thi type on
special order in the past, and in recent
year. the interest in this type of con­
struction has been increa ing. The TYPE
722-CB, a three-terminal capacitor hav­
ing a 1050-l.ll.lf range, is now offered as
a stock item.

For capacitance mea urement, three­
terminal standards have certain definite
advantages, the most obvious of which
i the relative freedom from the prob­
lem of lead capacitance. In the three­
terminal construction, the capacitance
of leads to ground doe not affect the
direct capacitance between rotor and
stator. The capacitance between leads
can be eliminated by shielding of at least
one terminal and lead. When this i
done, complete freedom from lead capac-

itance problems is insured. Theoreti­
cally only one terminal and lead need be
shielded, but in certain in tances it may
be advantageous to shield the low
terminal as well as the high terminal.
For example, in a circuit where the im­
pedance of both terminals to ground is
relatively high, electrostatic shielding to
guard against pickup will be necessary
on both lead . For this reason coaxial
terminals (TYPE 874) are provided for
both rotor and tator connections in the
TYPE 722-CB.

A second equally important advan­
tage of a three-terminal capacitor is that
10 e are definitely lower than in a t,,"O­
terminal capacitor of imilar construc­
tion. The 10 e in the dielectric sup­
porting structure, which in the two­
terminal construction are in parallel
with the desired capacitance, appear in
the terminal-to-ground capacitances in
the three-terminal construction. In the­
ory all the dielectric losses can be placed
in terminal capacitance, but actually in
typical construction there may be some
residual frina-ing field between rotor and
stator which pas es through solid dielec­
tric material. In the TYPE 722-CB the
rotor insulation is completely hielded
and the stator in ulation i sufficiently
removed from the main field so that
re idual 10 es from this cause are ex-
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Panel view of the Type 722-CB Precision Capacitor.

tremely small. In addition to these
extremely low losses from dieLectric
supports, there may be some losses at
the surface of the capacitor plates, and
there are even detectable losse in air,
both of which depend greatly upon rela­
tive humidity.

In the two-terminaL construction, the
TYPE 722 Precision Capacitor ha a
DoCo product of 0.03 J.LJ.Lf, corresponding
to a dissipation factor of 30 x 10-6 at
1000 J.LJ.Lf and 300 x 10-6 at 100 J.LJ.Lf.

Ideally, such a capacitor in the three­
terminal construction shouLd have Losse
at all settings smaller than the Lo s at
the 1000-J.LJ.Lf setting in the two-terminaL

construction. lea urements show that
there is actually a slight tendency for
the dissipation factor to rise at Low
capacitance setting. The increased 10 es,
which resuLt when the edges of the
rotor and stator plate are in close
proximity, are presumabLy caused by
the localized high voLtage gradients
at the reLativeLy sharp edges of the
plates.

The measurement of di ipation fac­
tors in the order of a few tens of micro­
radians is fairly difficult, and most con­
ventional mea uring techniques have
uncertaintie of the same general order
of magnitude. We bel ieve, however, that
under favorabLe conditions our measure­
ment of dissipation factor, using a
substitution technique with the TYPE
716 Bridge, has an absolute accuracy of
the order of 10 microradians. Allowing
for this uncertainty of measurement,
the TYPE 722-CB is rated as ha\'ing a
dissipation factor les than 50 micro­
radians at all ettings in the linear
capacitance range.

ince, in the three-terminal construc­
tion, the stator-to-ground capacitance i
eliminated from the calibrated vaLue,
a lower minimum value of capaci­
tance result., and linear calibration
to a lower value is possible. The useful
direct-reading linear range of the TYPE
722-CB is from 50 J.LJ.Lf Lo 1100 J.LJ.Lf.

-IvAN G. EASTON

SPECIFICAliONS
Capacitance Range: Direct reading on drum :wd
dial, 50 /l/lf to HOO /l/lf.

Accuracy: ±l/l/lf or ±0.1 %, whichever is the
greater.
Correction Chart: A correction chart is supplied,
giving corrC'ctions at multiples of 100 /l/lf. The
accuracy obtained thmugh the usc of this chart
is ±0.1 o/t: or ±0.4 /l/lf, whichever is the greater,
for direct measurement. For capacitance dif­
ferences, the accuracy is ±0.1 % or ±O. /l/lf,
whiC'hever is the greater.
Worm Correction Calibration: A correction for the
slight residual eccentricity of the worm drive

ran be suppli d at extm chargC'. The ::tCCUr::l.CY

after worm correction i~ applied is ±0.1 % or
±0.1 /l/lf for total capacitance and ±0.1 % or
±0.2 /l/lf for capacitance diffNencC's.
Dissipation Factor: LC'ss than 50 x 10-6.
Maximum Voltage: 1000 volts pC'ak.
Residual Inductance: EffC'ctive series inductance
i approximatC'iy 0.06 /lh.

Series Resistance: Approximatcly 0.02 ohm at
1 Mc.
Temperature Coefficient of Capacitance: Appmxi­
mately 0.002% per dE'gree Centigrade for small
tempC'rature changes.
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enclosed in a shield d hl1rd,,'o( d pubinpt. A
wooden ·tol'ug cas with carrying handle is
supplied.
Dimensions: Panp], X 9 1 inches; depth, VB
inches.
Net W~ight: 9 pounds, 10 ounces; 17 pounds with
ca I'l'y JI1g case.

722-CB

Accessories Supplied: Two T....PE 74- 5 able
Connector~·.

Terminols: TYPE 74 CORxial Panel Connectors.
Tn addition, a jack-top binding po t is provided
I1.'l an alternate ground C'onnection.
Mounting: Capacitor is mounted on an alumi­
Ilum ptlllci finishpo in bl:lck ctackle I:J.cquP]" and

Type Code Word Price
--- ---;-----------------;-----,-----

Precision Copocitor. . . . . . . . . . . . . . . . . • • . . . • • • •• I UAHOM I $205.00

COMING EXHIBITS

PATENT OFFICE SPONSORS EXHIBIT

'10 promote the 1'01 play d by inven­
tion and the palnt y tern in the de­
velopm('nL of th electrical and lhe
d ctroni(,R indu trip the U. . Patent
Office ha. invi t I ixtcen companie to
participat in an exhibit to be held in
the fain Lohby of th. Department
of ommer e Building, Washington,
D. ., Odober 13 through November 7
IDS .

Among tho"e xhibiling will be Lhe

G n ral Radio ompany. Out' di play
empha. iz the invention, palen ling
development and improvement, by Gen­
eral Radio of Lh variable autotrans­
former, which this ompany manufac­
ture and mark t under the trade name
V HI .®

W cOl'dially invite EX PERI­
1lJENTER radel's to vi. it thi. and the
many oth l' intere. ting di play' at this
exhibit.

•

NEREM -THE NEW ENGLAND RADIO ELECTRONICS MEETING

NEHE i-IT II' England's annual
lectronics convpntion and -how, spon­

sor d by the Boston and COJUlecLicut
\'alley tion of the IRE, 'rill be held
at 1\1 chanic Building Boston, Nov m­
bel' 19 and 20, 195 . An out. tanding
t chnical program has heen ul'l'angec!,
and mol' than 100 exhibitor.' will how

their product. You \\;11 find it ",orth
while to aLLend thi out tanding me t-
.
mg.

n ral Radio, in Booth 1-3 and
J5-1- will have on di play th new in 'lru­
men t that you have read abou t ill the

•

pages of th(' .8XPERIMEN'7ER thi
year. We hope you ",ill drop in to cu.

General Radio Company
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COMPLETE ASSEMBLY FOR

CAPACITANCE MEASUREMENTS

AT ONE MEGACYCLE

Both commercial and military specifi­
cations for capaci tor of 1000 Jl.Jl.f and
less call for measurement of capacitance
and dissipation factor at a frequency of
one megacycle. The TYPE 1610-AH
Capacitance Measuring A sembly is
a complete set of equipment for making
these as well as other 2-terminal meas­
urements.

Accessories are available which en­
hance the usefulness and convenience
of the assembly for specific measure­
ments. For the measurement of small
capacitors, particularly disc-ceramic
types, the TYPE 1691-A Capacitor Test
Fixture i recommended. With the
TYPE 1690-A Dielectric Sample Holder,
specimens of dielectric materials in the
form of A T 1: 2-inch or smaller discs
can be measured.

The TYPE 161O-AH CapacitanceMeas-
uring Assembly consists of:

TYPE 716-CSI Capacitance Bridge
TYPE 1214-M 1- 1:c nit 0 cillator
TYPE 1212-A Unit 1\ull Detector
TYPE 1212-Pl I-Mc Filter
TYPE] 203-B Unit Power Supply
TYPE 480-P5UCI and TYPE 480-P4U3
Adaptor Panels
Relay Rack Cabinet
Connection Cables and Power Cord
Although calibrated for a frequency

of one megacycle, the bridge itself can
be used at any frequency between 0.1

and 5 megacycles. A variable-frequency
oscillator such as the TYPE 1211-B and
a tunable selective detector (or radio
receiver) are then required. If correc­
tions are applied, rated accuracy can he
attained.

SPECIFICAliONS

Capacitance Range: Direct Method, 100 to 1150
J.<J.<f; Substitution Method, 0.1 to 1050 J.<J.<f.

Dissipation Faclor Range: Direct Method, 0.00002
to 0.56; Substitution Method, 0.00002 x

C' C'C to 0.56 x C wher C' is the capacitance
x x

of the internal standard capacitor at initial
balance and Cx that of th unknown.
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possible to obtain, at an extra charge, a worm­
correction calibration with which substitution
measurements ca,n be made to an accuracy of
0.1 % or ±0.2 J.'J.'f, whichever is the larger.

This same accuracy can be obtained with
the bridge at other frequencies between 0.1 Mc
and 3 Me, if corrections are made for the effects
of residual impedance, and if adequate selec­
tivity is provided for the null detector.
Accessories Available: TYPE 1690-A Dielectric
Sample Holder and TYPE 1691-A Capacitor
Test Fixture.
Power Supply: 105 to 125 volts, 50 to 60 cycles,
100 watts input at 115 v line. Instrument will
operate sati factorily on power-supply fre­
quencies up to 400 cycles, provided that the
supply voltage is at least 115 volts.

Power input receptacle will accept either
2-wire (TYPE CAP-35) or 3-wire (TYPE CAP-15)
power cord. Two-wire cord is supplied.
Dimensions: (Height) 43 x (width) 22Y2 x
(depth) 20 inches, over-all.
Net Weight: 150 pounds, approximately.

Accuracy (at ane megacycle):
Direct Reading: Capacitance, ±0.1 % ±lllllf

when the dissipation factor of the unknown is
less than 0.01; Dissipation Factor, ±0.0005
or ±2% of dial reading, whichever is larger,
for values of D below O.l.

Substitution Method: Capacitance, ±0.2% or
±21lIlf, whichever i larger; Dissipation Factor,
±0.00005 or ±2% of the change in D observed,
when the change is less than 0.06.

When the di sipation factor of the unknown
exceeds the limits given above, additional
error' occur in both capacitance and dissipa­
tion-factor readings. Correction formulae are
supplied, by means of which the accuracy given
above can be maintained.

A correction chart for the precision capacitor
is supplied, giving scale corrections to 0.1 Ililf
at multiples of 100 Ililf. By using these data,
. ubstitution measurements can be made to
±0.1 % or ±0.8 Illlf, whichever is the larger.
For capacitances less than 25 Illlf, the error
will decrease linearly to ±0.1 1lJ.'f. It is also

Type Code Word Price

I

1610-AH

1690-A
1691-A

Capacitance Measuring Assembly .
Worm-Correction Calibration for Internal Preci-

,. C 't5 on opaci or .
Dielectric Sample Holder ....................•
Capacitor Test Fixture . ................•.•.••

SIREN

WORMY
LOYAL
EDICT

$995.00

50.00
435.00

22.50

A NEW, l-MC UNIT OSCILLATOR

The TYPE 1214-M Unit Oscillator is
another of General Radio's line of com­
pact, inexpensive Unit Instruments.
This oscillator generates a frequency

of 1 megacycle per second and is a
useful power source for bridge measure­
ments at that frequency. The TYPE
12] .J--M is the oscillator supplied with
the TYPE 161O-AI-I Capacitance Meas­
uring Assembly.

Thi oscillator uses a Hartley circuit
and is designed for low distortion and
high output level. The output can be
i olated from ground. A continuous
rotary control on the panel of the in­
strument varies the frequency over
a range of ± 1%, while a second control
varies the output from zero to maximum.

The built-in transformerless power
supply operates from a 115-volt, 40- to
60-cycle ac line.

Frequency: 1 Me.
Frequency Accuracy: ± 1 %.

SPECIFICATIONS
Maximum Output: 300 mw into 50 ohms.

Open Circuit Output Voltage: 7 volts.
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Distortion: 3.5% with 50-ohm load.
Power Input: 115 v, 40-60 cps.
Power Consumption: 12 watts.

NOVEMBER, 1958 ~

Dimensions: (Height) 5% x (width) 5 x (depth)
6~ inches.

Weight: 2% pounds.

Type Code Word Price

1214-M I Unit Oscillator, 1 Mc. . . . . . . . . . . . . . . . . . . . . . .. I ATONE $75.00

TYPE 1421 VARIABLE AIR CAPACITORS
The TYPE 1421-J and TYPE 1421-E:

Variable Air Capacitors are new units in
the General Radio line of instrument­
type, parallel-plate air capacitor. These
capacitors are machined from solid
metal, in the same manner as the TYPE
1420 Capacitors.' This unique method
of construction has many advantages,
both electrical and mechanical, over
conventional construction methods. Some
of these added features are:

Better contml of thickness and straight­
ness of plates, since machining is a more
precise operation than rolling.

Elimination of cumulative spacing
errors by gang milling.

Better concentricity insmed by turning
and boring a single piece.

Sturdier structure with high mechani­
cal stability, resulting from the integral­
plate construction.

1 H. M. Wilson, "Type 1420 Variable Air Capacitor,"
General Radio Experimenter, Vol. 31, No.2, July, 1956,
pp.7-1O,

Good linearity and control of capaci­
tance magnitude, insured by precise ma­
chining.

Lower metallic resistance and induct­
ance and low thermal drift, because all
the conducting material is homogeneous.

Minimum microphonic tendencies, due
to the ruggedness of the plates.

Elimination oj irregularities in the
capacitance-vs.-rotation curve, because
the stator plates are completely joined
on their outer peripheries.

Elimination of crazing or other struc­
tural failure of the polystyrene dielec­
tric, because the insulators are machined
from a cast bar of eros -linked polysty­
rene for thermal adequacy and are
stressed entirely in compression over
a wide area,

Insured concentricity of the rotor, since
the plates are milled and turned on
a centered arbor held by the setscrews
exactly as the shaft is secured in as­
sembly.
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SPECIFICAliONS

6

Temperature Caefficient of Capacitance: Approxi­
mately +.003% per degree C.

Maximum Voltage: 700 volts peak.

Torque: 2 ounce-inches, maximum, with shaft
vertical.

Net Weight: TYPE 1421-J, 1 powld, 8 ounces;
TYPE 1421-K, 1 pound, 14 ounces.

Dimensions: See sketch.

Capacitance Range:
Nominal Range for

Max. Min. Linear variation
J 575 22 540 ±20 IJlJf
K 1120 29 1025 ±25 JJJJf

The rotor-to-ground capacitance is about
2.5 IJJJf, and the stator-to-ground capacitance i
about 4 IJJJf, for all sizes. The data in the above
table are for the capacitor used as a two­
terminal device, with rotor grounded. If stator
is ground d, maximum and minimum capaci­
tance value. will be decreased by about 4 1J1Jf.
Independent Linearity: The variation of capaci­
tance with angle of rotation does not exceed
±0.3% of full scale. The angular range of
Iinear variation is 160°.

Typical linearity is better than ±0.15%.
Dielectric Lasses: For the grounded-rotor con­
nection, the dielectric losses correspond to a
DoCo product of less than .01 x 10-12. The rotor­
to-ground capacitance has a DoCo product of
0.1 x 10-12. This loss component is in parallel
with the main capacitance only for the
grounded-stator connection.
Insulatian Resistance: Greater than lOll ohms
under standard ASTM laboratory conditions
(23°C, 50% RH).

Type

DEPTH BEHIND fl\NEL
J 3}(6 inches

K 4Ye inches "I~
SHAFT DIA. Yo inches ""-Hf--

Code Word Price

60·

1421·J
1421-K I 575 J.LJJf, max .

1120 JJJ.Lf, max .
NABIR
NABOB

$46.50
50.00

AN AUTOMATIC-BALANCING
CAPACITANCE BRIDGE

The Automatic Capacitance Indicator
(Figme 2) produced by Barnes Develop­
ment Company i a self-balancing unit,
which automatically indicates capaci-

tance and dissipation factor in an aver­
age time of 7 seconds. Thi instrument
will measme capacitance from 100}J.JJi
to 1.1 }J.f in four ranges, and dissipation

Figure I. Panel view
of the Bames Auto­
matic-Balancing Ca-

pacitance Bridge.
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Figure 2. View of the complete bridge assembly.

factor from 0 to 16% in three ranges.
The basic bridge of the indicator is

a General Radio TYPE 7] 6-C Capaci­
tance Bridp;e. Servo motors operating
through gears accomplish the automatic

NOVEMBER, 1958 ~

balancing. The accuracy of the auto­
matic unit is equal to that of the capaci­
tance bridge (capaci tance, ± 0.1% ±
1 J.LJ.Lf X capacitance multiplier setting)
when the dissipation factor of the un­
known is less than 0.01; dis ipation
factor, ± 0.0005 or ± 2% of dial read­
ing, \yhichever is the larger, for values
of D below 0.1.

The block diagram of the Barnes
Automatic Capacitance Bridge is shown
in Figure 3. The error signal from the
detector terminals is separated to feed
the two channels for "C" and "D"
balances. The "C" channel i driven
through an attenuator; the "D" channel
is fed directly.

After passing through voltage ampli­
fiers the signals are fed to phase de­
tectors. Phase discrimination is achieved
by determination of the phase reference
voltage fed to the phase detectors. The
"C" detector receives an in-phase refer­
ence while the "D" detector receives
a quadrature voltage.

The outputs of the phase detectors
are filtered and then inverted into phase­
reversible 60-cycle voltages by syn­
chronous choppers. After power-am­
plification, these signals are impressed
on the control winding of the two-phase
servo motors controlling the "C" and
"D" channels.

Figure 3. Block diagrom of the
automatic capacitance bridge.

AnENUATOR 1000 .... GENERATOR
I

I PREAMPLIFIER I

I ATTENUATOR I TYPE 716-C SAMPl
CAPACITANCE BRIDGE

• • •o' AMPLIFIERC AMPLIFIER 'c' •o'
0

~PHASE <;> ,
DETECTOR : IPHASE

SPLITTER I I

PHASE I I
I I

DETECTOR I I

I I GEAR TRA:N I I G~AR TRAIN I
INVERTER INVERTER

I ,
I 2-~ MOTOR 2-~ MOTOR

POWER POWER
AWPLIFIER AMPLIFIER

E
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The balanee poinL i indicated by
pilot light and th reading is pre ented
dir ttly as a row of figure, with auto­
matically pia 'ed d imal point . Th
.\utomatic Capacitanec Indicator i
ayailable with digital r adout for u
with any punched card or tape data
:r t m or with '('rvo (voltag ) r adout

for producing a graphic record of yalu

with r ord rs. Th hridg i availabl
with either manual or automatic range
witchin of th capacitance and di i­

pation-fa tor ranges.
Inquiri ~ abouL thi bridge hould b

dir ·ted to the Barn D v lopm nL
ompany 213' t Baltimor Pik

Lan \\'11, P nn ylvania.

SMITHSONIAN INSTITUTION TO COLLECT
EARLY COMMUNICATIONS EQUIPMENT

A many of our I' ader' know, th
fam('d ,'milh. on ian In titution in' a h­
ill!!;ton ha:> bC'gun an inter<'. ting coll( c­
tion of ('arly communi ·ation. equipmC'nt.
.\ good start ha' already b en mad .

Th Institlltioll i" now p 'ially in-
len'st I in (·oll."id<'ring for p(>rman nt
di -play donation: of arly \\'ir I . luip­
nWllt dating from thC' World War I
p<'riod or earlier and limit<'<1 to an aI"
tran.-mitt r, an induction coil ,'park
tmnJ:;mittC'r and all kind of m a:uring
quipnH'nl. In th latter at gory, w

arc planning 0 mak v ral ontribu­
tion from our own collection. ny of
our r ad rs who own or know of the
.xi 'tence of any of the' types of pioneer

apparatu arC' urged to communicat
with th ,...<litor or directly \\;th th

•

mator, Divi ion of El ctri('ity, mith-
onian In titution, \\'a 'hington 2r, D. .

Th xhibit will v ntually b housed
in a new building unci r on truction in
"a hington.

Early catalo of old radio quipment
ar also d 'ired for the hi toricallibrarv.

•

Ii i.. with d p reo-ret thai \\ I' port the cI ath of 1\11'. (~. llammerik
\\h in hi. a. ,'o('iation with 1'1a kin-.\ktie elakap t Z ta of .10, \\'a in
('hurg of General Hadio': r prC'" ntation in );'onm\,.

Hi' expert knowl<'dgC' of til<' seicntific in ·trum ntation fi Id and hi
h Ipflll co p ration with all will b mi sC'd both by his many friends in
1\orwn,y and by our. 1\' '.

Z ta will curry on our rppr entation llnci I' th capabl dir etion of
l\I SSI'S. Rraenne and )1 Vl'scth.

•

General Radio Company

.""""""0•
".~
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and adaplability to delay
generation and measure­
ment. Here, two of these
generators are used in an
experimental system for
producing time-coherent
tone bursts.
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HOW TO KILL TIME - ACCURATELYI
A Generator of Precise Time Delays

'The immcdiat ace .ptane accorded
th TYPE 139 I-A Pul (', \\'e p, and
Time-Delay ,en('ralol'l upon it. inlro­
duct ion in 1955 mad it al par nt lhat
th rc \yas a g n raj d 'irr for pl'rc:i e
vcr atilr, and acC'urat time-domain in­
·trum nle lion. Th TYPE 1392-.\. '1 im ­
Delay :rIl rat I' to I e ell.'. C'ribed in lhi

•

artie! . u portion' of the '1'1"1'1'; 1391-
a. a point of departure and ext !ld' it.
original eil'(,llilry to produc(' a n w de­
gre of pl'('('i ion and adaptabilit. in a
timc-d lay, y 'tem.

• •

The d wlopment of circuit - for am-
pli tlle! compari on by IIoHj(" and of
highl~' -tabl and preeis di:tributed­
pal'am t("1' vuriahl ' d lay lin by L \\'i
and Frazier

3
came about almo, t :imul­

tan ously with th anlila ility of an• •

I It ". Frank t IlA V('nmtil(" G('lwrntrr for Time-Domnin
:\f{·U!'lurt·lI\(.'nt~." GenCTal Rndio BX1'tTiuu nlrr. 3D, 12,
)["y.10.-.6 .

• \[ C. Hollje. "A :\'0'1 ("irouil TOT IIIl'lilucie ('ompnT­
i,.,nn,'· nl1~'rrllllfillio "~rplrlftltnl'r. 30, fi, :\o\'(,JIIb~:r. 19.;,:;.

3F J) [, wi. lInd Il \L FT".ier, .. DL,,,ibulet!'Pllralllel r
\ "riahlo Delay Lin· -,iol( >,k wed TUTM TOT Delay
Equali.atiun." Pr<JC. IllH. Feb, 11),;7

abumL nee of application informati n
r ulting from the inlrodu tion f th
Typg 1391-A Put'w p, and Time­
Dela~' ~cncl'at r. '1 hi- combinati n f
nc\\' circuit " n w compon nt , and field
xperien' hu' I' ulted in the de\'elop­

m nl of an in. trum nt that \\'i II , \\. are
c rtain 1 com a 'tanclard for !te('ura . !

and r liabilit. r in th field of analog time
m a'lIl' ill nt.. It i-an x ell nt rang
calibl'at r for radar Ollar and radio
navigal ion y. tem .

The' TYPE 13 2-1\ Time-Delay n-
eratol' pI' duce an aCCUl'at Iv known•

time d('lay 'ontinuou Iya lju tab] and
\rilh I I l' lO-m}l. e a curacy 0\' I' the
ran e from 0 to 1 e 'and. It contains a
econd, . lightly I .. a curat , delay cir­

cuit adjn ·tallr 0\' 'I' th tim rang from
0..- }lse' to 0.:'> . ('cond. 11 i cireuiL c:om­
pi t Iy inclep('l1d n of th fir:t dday
cil' 'uit and 'apnbl of being calibrated
by it, can b u. ro:

1. a coml upamll I'd la cir-
ui t.

Figure 1. Panel view 01 the Time-Delay Generator.



GENERAL RADIO EXPERIMENTER 4

2. As a second delay cascaded after
the first delay in time.

3. As a coincidence "and" circuit en­
abling-gate .started by the first delay.
Since the gate can be reduced in dura­
tion to 0.5 /Lsec, timing marks of PRF in
excess of 1 Mc can be selected.

We believe that this is the first com­
mercially available coincidence system
capable of delay steps below 1 /Lsec in
an analog system.

The fact that this instrument is an
analog generator capable of producing
precise delays should be emphasized, be­
cause only in an analog system can the
delay be produced from a start command
pulse without some sort of gating tran-
ient or quantization error. With this new

delay generator, it is also possible to e ­
tablish delays with quartz-crystal-o cil­
lator-controlled precision in any time
unit, as in range (yards or miles). The
advantage of this system should be im­
mediately obvious to those working with
radar, with rocks, with water, or with
bats.

Another advantage accruing to the
analog delay-circuit system is that the
delay can be varied by an external con-

trol voltage. The amplitude comparator
developed for this instrument (and de­
scribed below) has a very high input im­
pedance for the reference voltage and
permits one to inject an external signal
to control the magnitude of the delay
over a decade. This makes the unit a
linear time modulator for the production
of pulse duration modulation, pulse po­
sition modulation, or plain jitter of
known and controlled magnitude over
modulating frequencies ranginO' from 3 c
to 100 kc.

DELAY LINE

Figure 2 show the circuit system re­
duced to its simplest form. The delay
line is shown connected in one of its four
possible positions in the system. Here it
acts as a 0 to l-/Lsec vernier on the elec­
tronic portion of the Delay 1 circuit. It
can also be switched to:

1. Act as a first (0 to l-/Lsec) range to
produce a delay between the direct sync
pulse and the Delay No. 1 sync pulse.

2. Delay by 0 to 1 /Lsec the Delay No.
2 sync pulse (see page 7).

3. Delay directly any waveform ap­
plied to the PRF drive terminals.

,....----0.12 + O.OI}Jsec

DIRECT

lSYNC
-=,=OUT

INPUT TRIGGER Y DIRECT SYNG.
GENERATOR PULSE H

GENERATOR

0-"", DELAY LINE
'---,

I

-
r----~-='-------~ --"7""--0 DELAY LINE FUNCTiON

I _-r;;~'~jl II,..~-O 1/ DELAY I I L/ DELAY I
+- 00 CIRCUITS SYNC @DELAY 1 1 .

,-<)- I)"~ - ".c. "PULSE GEN. ..L SYNC ~'CL....:±-.-> 0' ~ 7 OUT

IcD;[iEL:AAYYIIl---<>~
'--+--1 GATE

OUTPUT ~

'------~-----~CS'J0) DELAY
o-2-,--+-_-=-----,---,--,--=--:-::=::::-:==-=-::-::c' ' LI NE OUTPUT°

3
I. DELAY 2 PULSE AFTER DIRECT SYNC ~

2. DELAY 2 PULSE AFTER DELAY 1 SYNC

3. COING. PULSE

Figure 2. Simplified
block diagram.

DELAY 2
CIRCUITS

o.S}Js - O.Sue.

DELAY 2 DELAY 2
OR I--~ OR COINC.

CDINC.GATE SYNC PULSE
GENERATOR

DELAY 2
-@.*ORCDINC-.L SYNC OUT

COING.@- ..,COINC.DRIVEf-__-'
DRIVE..L AMP-INV.

GATE

l~oUT

­•
­•
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(a)
Delay No.2 SYNC and

SYNC GATE; lO}"sec/em;
GATE DeJoy No.1 set for

25,usec

(b)

SYNC Delay No. 1 SYNC and
GATE GATE; lO}"see/em

(e)

Direct and Delay No.1 SYNC;
.O.S/Ls delay; O.l}"see/em

Figure 3. Typical waveforms.

INPUT CIRCUIT

The input circuits comprise a trigger
generator, which will accept almost any
waveform having a peak amplitude of
about 0.3 volt at frequencies ranging
from dc to over 300 kc. This circuit pro­
duces a pretrigger, which is fed to the
two independent delay circuits and an
output sync pulse of standard shape,
having a base duration of approximately
0.1 J.I. ec, an amplitude of 20 to 25 volts,
positive or negative, and a somce im­
pedance of 93 ohms (Figure 3c). The
sync pulses produced by the Delay o. 1
and Delay o. 2 circuits are similar.

DELAY NO. 1 CIRCUIT

Electronic circuits which will produce
acclll'ate, linear, and precisely controllecl
delay. of les than 1 J.l.sec are difficult to
build and even if realizable are very ex­
pensive and complex. The first range, up
to 1 J.l.sec, is timed by a TYPE 1477-J1000

delay line. This line has an accurate,
individually calibrated, four-inch dial
graduated in 0.01-J.I. ec interval and pro­
duces a delay between the direct sync
pul e and the Delay I o. 1 sync pulse of
o to 1 J.l.sec with an accmacy of ± 0.01
J.l.sec.

To produce delays over 1 J.l.sec, the
electronic circuits are switched in cas­
cade with the line as shown in Figure 2.
These circuits are shown in some detail
in Figure 4. They comprise a high- peed
bistable gate, a precise linear sweep gen­
erator, an amplitude comparator, and a
reset trigger generator follo\\'ed by the
Delay Jo. 1 ync-pulse generating cir­
cuit. When opened by the trigger from
the delay line, the bistable gate tarts
the sweep and causes the as ociated
buffer to produce an output pulse (posi­
tive 5 volts and negative 60 volts),
which marks the delay interval. The
sweep circuit, a highly linear "boot­
strap," produces a saw tooth whose
slope is determined by the decade range
switch. This sweep of predetermined
lope rise from a minimum of 10 volt

to a maximum of 110 volts. The sweep i
fed to one grid of the amplitud'e com­
parator, while the reference voltage from
the 10-turn range potentiometer is fed
to the other. When the sweep and refer­
ence voltage are equal, the comparator
triggers and produces a reset pulse for

DELAY I
SYNC.

REF.
POT.

TIME
MOD.

ONITOR
AMP

Sv
.J4t!: POs. GATE

GATE
AMPLIFIER (REAR) 60v

'-T NEG. GATE 'I a•
t I 11.0

BISTABLE """LcF SWEEP ~ C.F. AND A AMPLITUDEGATE TUBE AND RESET COMPARAT,
JTAAT Jro/# CLAMP

• 1.0FROM LINE
OR INPUT 4

AUTOMATIC RESET LI NE
.I.

RESET
PULSE AMP.

+
DELAY 1

~SYNCGEN[
PULSE G -

-.,.
MONITOR '0' M
CIRCUIT ~ L

Figure 4. Functional
diagram of Delay No.

1 circuits.
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the gating bistable multivibrator and at
the same time produces the Delay Xo. 1
synchronizing pulse, Thus, the loop con­
sistin~ of the bistable gate, s\\'eep gener­
ator, amplitude comparison circuit, and
resetting circuits assumes a monostable
characteristic.

Stability

Both long-term and short-term sta­
bility of delay has been assured by the
use of precision resistance-capacitance
components to establish the sweep slope;
by the use of highly regulated and filtered
dc voltages for the comparison reference
voltage, plate upply, and heater voltage
in the sweep generator and amplitude
comparator; and by careful circui t de­
sign, which minimizes the effects of tube
changes and tube aging on the accuracy
of the circuit (Table I).

Convenience Features

Both sweep and reference grids of the
amplitude comparator are at high im­
pedance, and pro\'ision has been made
to permit the superposition of a modu­
lating vol tage on the reference voltage.
A jack on the rear panel of the instru­
men t provides for the injection of this
voltage. The low-frequency cutoff of
this coupling network is 3 cycles, while

the high-frequency performance will, of
course, be determined only by the slope
of the sweep voltage.

Several other features have been pro­
vided to increase the convenience of the
Delay No. 1 circuit group in applica­
tion. A 5-volt positive-gate waveform,
corresponding to the delay interval set,
is available at 101V impedance from a
coaxial connector on the front panel, so
that the delay interval can be observed
on an oscilloscope over the entire range
of delays where the O.l-,usec sync pulse
may not be visible because of its brief
duration (Figure 3b). This waveform,
with a negative polarity and a 50-volt
magnitude, is provided on the rear panel
to drive auxiliary pulse-generating equip­
ment such as the General Radio Typg
1219-A Pulse Amplifier. In addition to
this gate waveform a neon indicator
lamp monitors the presence of the De­
lay No. 1 sync pulse.

DELAY NO. 2 CIRCUITS

The second group of delay circuits is
identical in principle with the first
(Figure 5). It lacks only the features of
high accuracy and resolution. The delay
reference voltage is provided by a 4"
single-turn potentiometer with a resolu-

Figure S. Funclional
diagram of Delay No.

2 circuits.

o

5
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(a)

100j.Ls Timing pulses (to PRF
drive)

lO}1s Timing pulses (to
COINC ddve)

(b)

lO,u.sec and l(X>J,Lsec timing
pul ses

Delay No.1 GATE, "" 48j.Lsec

(c)

Combined time markers

COINC GATE, showing se·
lected pulse. Delay No.1,
45,usec; Delay No. 2, ~ lO,u.sec

(d)
Timing markers with COINe
put se at 50,u.sec

(e)

Delay No.2 GATE, '" JOj.Lsec
(Note selected pul ses showing.)

(I)

Delay No.2 SYNC pul ses at
5Oj.Lsec, 60j.Lsec, 70j.Lsec

Figure 6. Coincidence circuit used for multiple pulses.

tion of 1 part in 2,000, and the aeCll\'ae~'

is 3% everywhere over the six decade
ranges from 0.5 j.Lsec to 0.5 second.

The action of this circuit can be in­
itiated either by the direct ync pulse or
by the sync pulse of the first delay cir­
cuit, so that the delay is either concur­
rent with the first delay or is initiated
after the first delay interval. It should be
pointed out here that, since the delay
circuits can ahyays be started concu\,­
rently, the first, more accurate delay
can be used to calibrate the econd.

Outputs from the second delay circuit
are similar to those of the fi \'st: A 5-vol t
positive gate and, marking the end of
the delay interval, a 20-volt O.l-j.Lsec
pulse at 93-ohm impedance level.

When the function switch for the
econd delay circuit is in "coincidence"

position,
1. The delay gating circuits are

'tarted after the Delay No.1 sync pul e.
2. The Delay No. 2 sync-generating

circuit are connected to be triggered by

the action of an "and" circuit.
The "and" cireuit require the simul­

taneous existence of the Delay K o. 2
gate and an externally applied pulse to
provide a trigger for the sync circuits.
Photographs of the gate and output sync
pulses are in Figure 6. An over-all photo
of a precision delay-generating y tern
invol"ing the TYPE 1392 Time-Delay
Generator and the Tektronix 180-A
Time-Mark Generator, as a somce of
crystal-controlled time-coherent yn­
chronizing pul es, i shown in Figure 7.

Since the shortest duration of the De­
lay No.2 gate has been set at 0.5 j.Lsec,
it is possible to select a single pulse from
a timing pulse train whose frequency
may be as high as 1.7 Mc. Precise I-j.Lsec
steps of delay are easily obtainable using
the Tektronix 180-A as a crystal-con­
trolled time-mark generator. If the gate
produced by the Delay Jo. 2 circuits i
made longer than the interval between
the timing pulses from the marker gen­
erator, a group of pulses \\·ill be produced
at the Dela~' TO. 2 synchronizing-pul e
terminal (Figure 6, (e) and (f)). The
maximum rate at which pulses can be
produced in the burst is to some extent
determined by the amplitude and rise
time of the trigger pulses provided by
the timing source. The pulses produced
by the Tektronix 180-A, for example,
will typically produce a 200-kc burst.

DELAY LINE CONNECTION

In addition to the delay-line connec­
tion described under Delay No.1, the
connection sho\\'n ill Figure 5 makes it
possible to delay the No. 2 sync pulse
produced by coincidence. Thus, with the
combination of a precise coincidence cir­
cuit and the passive line, it is possible to
generate delays up to several hundred
microseconds, accurate to 0.01 j.Lsec.
Here, we should inject one word of cau-
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be measured and subtracted from the
delay readings.

The delay line connection shown in
Figure 2, in which the 0 to I-/lsec line is
connected directly from the input termi­
nal to the line output terminal, is also
useful in many ways. In this case the,
line will pass whatever waveform is
available at the input terminals. This
will, of course, make the input imped­
ance of the instrument equal to the im­
pedance of the line at about the 250­
ohm level. Although the simplified
switching of Fig;ure 2 does not so indi­
cate, the electronic portions of the TYPE
1392 are still operative. One use for the
delay line in this connection is to permi t
a check on the delay generated in the
inpu t circuits. This delay is nominally
about 0.12 /lsec between a fast drivino-

"pulse and a direct sync pulse.

THE DELAY NO. 1
AMPLITUDE COMPARATOR

The amplitude comparator used in the
Delay No.1 circui t is news and certainly
u eful elsewhere, so it will be described
in some detail. This circuit ",as desio-nedl:>

primarily for operation at repetition
rates higher than tho e at which the
comparator described by Holtje' will
operate and for as great a dynamic
range.

In the TYPE 1392-A, the amplitude
comparator will operate at rates as high
as 300 kc and over a range from 0 to
120 volts. It has the additional advan­
tage of a very high input impedance at
both signal and reference terminals. The
complete circuit is shown in Figure 8. It
is convenient to view the circuit as a
bistable multivibrator (V-I), in which a
differential amplifier (V-2) replaces the
usual shunt-arm resistors of the cross­
coupling network. Tube V-3 is a current
source for V-2 and is only necessary

SPatent applied for.

•

•

t

••••••••
,

.. • " "

I."l
• 0

"

tion. Timing generators like the Tek­
tronix 1 O-A derive their lower fre­
quency outputs by feeding each pulse­
divider circuit from the next higher
order divider. Since the trigger pulse has
a finite and somewhat variable rise time
(depending upon the bandwidth of the
divider involved), there is an accumula­
tion of delay between pul es within the
timing chain. (One possible use for the
coincidence circuit in the TYPE 1392-A
Time-Delay Generator is, of course, the
removal of this delay.) In order to make
the steps of delay produced by the co­
incidence system exactly correct, orne
delay mu t be in erted in the path of the
high-frequency pulses,' or the error must

'The G~ner~1 Radio TYPE 314-S86 0.5 !Lsec Variable

(
J?elay LIDe IS useful in equalizing these residual delays
md~pendent1y of the TIme-Delay Generator) F D

LeWIS a!'d ~. 1\1. Frazier, "A New and Better Variabl~
Po~~~ LIDe, General Radio Experimenter, 31, 7, October,

Figure 7. Precision time-generating system, consisting
of the Type 1392-A Time-Delay Generator and the

Tektronix 180-A Time-Mark Generator
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the current in the differential amplifier
and, since this cw-rent is set by V-3, a
well-stabilized tage, only very mall
excess voltages need be tolerated. Typi­
cal values of hysteresis for the circuit
shown in Figw-e are 10 to 100 mv.

An additional advantage of this cir­
cuit over a ingle-ended design i ap­
parent at thi point. The circuit is bal­
anced with respect to changes in plate
cw-rent caused by heater voltage fluctua­
tions. Drift of the trigger voltage with
line-voltage changes is reduced by abou t
an order of magnitude over more con­
ventional single-ended de igns.

The action of the circuit at high fre­
quencies is more complex than that de­
scribed above. Space will not permit a
detailed analysis here, but the limits on
performance are clear. The cross-cou­
pling capacitors will cause the loading
of the differential amplifier to increase
until, at very high frequencies, the
load will be the plate load re i tor , RL ,

and the stray capacitance. Comparators
for the megacycle range must be built
with a differential amplifier capable of
attaining high g", and will, of course,
have Ie ened en itivity.

Figure 8. Functional schematic diagram of the ampli­
tude comparator.
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when the maximum dynamic range at a
given supply voltage is desired.

The circuit operate in the following
manner: uppose initially that the ignal
voltage i more negative than the refer­
ence voltage, then the current through
the left-hand ide of "\ -2 will be Ie s than
that in the right, and the grid voltage on
V-I, left, \\'ill be more positive than V-I,
right. Y-l, left, \\,ill be on, This situation
,,-ill persist until the reference and signal
vol tages are equal. At that point, the
grid voltages of V-I would be equal if it
were not for the fact that V-I is a bi­
stable using RcJ -Rc2 and the plate re­
sistance, Rp , of V-2 as cross-coupling
re istors. I-lence, at equal grid vol tages
on V-2, V-I will remain stable as in­
itially. Now, a the grid of V-2 is raised
above the reference voltage, V-2, left,
conducts more heavily and, by the differ­
ential connection of V-2, V-2. righ t, con­
ducts less hea,·ily. At low frequencies
the gain to the bistable grids is":

K = Rc

Tp2 + Rc

and only a sufficient voltage needs to ap­
pear on the bi table grids to cause the
bistable circuit to witch. The increase
in grid voltage on V-I, right, reduce the
amount by which this tube is below cut­
off while the decreasing voltage on the
left-hand grid of V-I increases its plate
voltage by the gain of thi side of the
flip-flop tube. It is therefore the left­
hand side of the bistable going off which
primarily contributes to the witching
action.

The hysteresis which the circuit ex­
hibits at the grid of the differential ec­
tion is controlled by the magnitude of
the excess o-rid voltage of the off flip-flop
tube. This quantity i determined by

"\'alley and Wallman, "Vacuum-Tube Amplifiers,"
Radiation Laboratory Series, Number 1 , McGraw-Hill
Book Co., 1948.
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For high-frequency operation, over­
shoots of the grid ,mveform due to the
flip-flop witching action should be

•

eliminated both by reduction of the
cros -coupling capacitors and by the
application of positive and negative grid
clamps. In the unit designed for the
TYPE 1392-A, the f1jp-flop doe' not draw
grid current, so only a negative clamp is
u ed and, since the input ml,\'eform is
unidirectional, only one clamp is nece ­
sary to improve recovery time.

Some characteristics of the compara­
tor used in the Time-Delay Generator
are shown in Table 1. The hysteresis of
this unit is of the order of 0.1 volt.
The difTerential amplifier is heated with
regulated dc both to minimize drift with
changing line voltage and to reduce the
hum-jitter in the delayed signal. The
presence of the dc reduce the effect of
20% of variation in line voltage to an
error in delay of 1 part in 10,000 and aids
in attaining the specified jitter figure of
1 part in 30,000 at the worst. (Jitter
lower than 1 part in 100.000 have been
observed.) On the 1 to 11 msec range,
the TYPE 1392-A has exhibited an ab­
solute accuracy of delay of better than
0.1 % over periods in excess of a week in
continuous operation.

APPLICATIONS

The TYPE 139Z-A can be applied any­
where that accurate delays are de ired,
either for the preci e measurement of
delay or for its generation. Its range of
available delay plus the fact that it can
be triggered by almost any sort of signal
should make it an acceptable range cali­
brator for radar onar and radio navi-, ,
gation systems. The ease with which the
time of occurrence of the Delay 1 o. 1
sync can be modulated renders it an
ideal device for the imulation of a
"noisy" target. The longer ranges of
delay and the pre ence of the second de­
lay wi th its associated gate signal should
make the TYPE 1392-A a very useful tool
for physiological nerve-transmission
studies.

The use of the coincidence circuitry
has been de cribed in detail in connec­
tion with the proce sing of coherent sig­
nals. This system ha another entire
field of application in processing signals
which are not coherent. Cowlting, time­
vernier measurement , and the produc­
tion of partial coherence between other­
wise incoherent signals are examples of
the e applications. In the latter applica­
tion, for example, coherent tone bursts
in the megacycle range have been timed

TEST CONDITIONS

TABLE I

I ERROR A.T 5 msec DEL.4. Y

(1) Temperature transient. .005%;0 C.

(2) Changing sweep lTeneratinlT and>:> ~

clamping tube, two tubes selected
for average deviation among 25 lot. 0.15% (worst tube .45%)

(3) Changing amplitude comparator bi-
stable tube. Average deviation in 10
tubes selected at random. .24% (worst tube 0.3%)

(4) Changing amplitude comparator
tube. Ayerage de,"iation among 10
tubes selected at random. .47% (worst tube 0.9%)
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by feeding the high frequency de ired
\\'ithin the bill'st to the coincidence drive
terminals and the burst recurrence rate
. ignal to the PRF drivc tcrminals.
Specific usC's are:

1. Calibration and prccision swccp
delay for 0 cilloscopes.

2. Radar target simulator.
3. onar target imulator.
4. Loran rcceived pulse simulator.
5. Geophy 'ical echo imulator.
G. Prcci. ion pulse timer - uscd with

GR TYPJ~ 1219-A Pul e Amplificr.
7. Delay and gate. imulator for use

with cll'ct,ronic computing systcm. ­
u. cd with Tcktronix 180-A Time-Mark

Generator to produce jitter-free pulses
of crystal-controlled accuracy for any of
above applications.
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Price

Delay Two Sync:
0.13 ",SPC ±0.02 ",sec
20 volt.~ or more, positive or negative
93 ohms
Monitor Lamp

Duty Ratio Effects: Full scale, less than dial
accuracy at 60% duty ratio; bottom of scale,
less than dial accuracy at 20% duty ratio.
Maximum PRF, 300 kc.

Coincidence:
Input, positive or negative pulse, 5 volts or

over
Input frequency, 1 cps to 1.7 Me (for single

pulse selection)
Input pulse rise time, .1 '" ec or less at 5v.

Power Supply: 105 to 125 (or 210 to 250) volts,
50-60 cycles, 180 watts at 115 volts. Power re­
cpptacll' will nccept either 2-wirl' (Type CAP­
35) or 3-wire (Type CAP-15) Power Cord.
Two-wire cord upplied.

Dimensions: 9 X 19 x 12 inches (rack mount).

Accessories Supplied: Type CAP-35 Power Cord;
spare fuses; test lead; 4 Type 874-C58 Cable
Connectors.

Net Weight: 35 pounds.

Code Word

SPECIFICATIONS
DELAY NO. 2 OR COINCIDENCE CIRCUIT

Range: 0.5 ",SP(, to 0.5 spc (six decade rnogps).
Accuracy: ±3% of dial reading.

Stability: Jitter, 1: 20,000
Line Drift, 1 :5000 for 20% line

change

Resolution: 1:2,000

INPUT SYSTEM

Type

Delay One Sync:
Duratioll, 0.1 ±0.2 ",sec
Amplitude, 25 volts or more, positive or

negative
Imppdnnce, 93-ohm output impcdance
MOllitor Lamp
Max. PRF, 0-1 ",sec range, 300 kc;

1 ",sec-1.1 sec range, 250 kc (at
1 ",sec).

Input Signal:
Rinp Wave, 0.1 volt rms.
Squarp Wave, 0.3 volt, penk-to-ppak.
Pulsp (npgntive or positive), 1 volt peak.
Ac or d,', input trigger threshold control

providl'd.
Frequency: de to ovpr 300 kc.
Time Delay (Input to direct sync): 0.12 ±0.02 ",sec.
Direct Sync Pulse:

Amplitudp, 15 volts or more, positive or
IIPgnti ve.

Durat ion, 0.13 ± .02 ,.,sec.
Impl'dance, 93 ohms or Il'ss.

DELAY NO.1
Delay Range: 0-1.1 sec ill seven rangps.
Accuracy: 1 ",sec-I.1 sec range, ± 1% of dial
rl':lding; 0-1 ",.ec rangl', ±0.01 ",.ec.
Stablity: Jittl'r, 1:30,000 at. worst

Drift, 1:10,000 with 20% line vari:l­
tion

Resolution: 0-1 ",sec, 0.004 ",sec
1 ",sec, 1 sec 1:8800

Duty Ratio Effects: Less than dial accuracy to
60%

5% at duty ratio of 80%

1392-AM
1392-AR---

Bench Model .
Relay-Rack Model .

}~NTIlY

EXTOL
$985.00

985.00

u. ~. Patent No. 2.5~8.~57.
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The Type 1184-A Television Station Monitor.

With the continuing trend to hi/.!;hCl'
e hnical s andards in broadcasting, :1

moni tot' that bur ly me ts todaY'1i I' ­

qui1' men L i' likely 1,0 becom obsol t
t 0 SOOIl 1.0 gi ve goo I vulue. leneral
Radio -:\Ioni tors ar d . 'ign d b yond
m l' legal minimum r qnircmcnti-l for

2-WEEK DELIVERY ON ALL GENERAL RADIO MONITORS
FCC Type Approved

today' u. e. Thus prot t d against
e< rly obs Ipse nee, thes new in tru­
m('n(s p1'omis lOlLg-leon valu that far
out wC'il!;h,' ini iul co. t consideration.

1 ow i an excellent time for stations
whi 'h have mov d or anti ipate moving
01' mod rnizinl!; t purcha e monitoring
equipment.

n raJ Radio fonitor xp1'e S a
wholly new onc pt in m 'hllnical de­
sign that give' 'OllV 'ni nce n vel' be[o1'(,
attaineu in an in trum nt o[ this typ .
Every op mtion in the installation, u· ,
:1nd main tcnanc of th 'e n w monitors

LUI b handled [rom th front. You
n vel' ne d to go b hind th in trument
rack. Th monitor slides out and tilt·
[orwar I and I ack for easy access to
tubC', and adjustments. ha'si pin
jacks p rmi a rapid ch ck of CUlT nt
and voltn.l!;e aL critical point in the
cirCLli . Th unique chao si. marking is
so comprehensive Lhat mo t maint­
nan can b p 1'[ I'mI'd wi h ut n ed [ I'
an ini-ltl'tlt'tion book or a circuit diagram.

Television Transmitter Monitar - Channels 2-13 .
Television Transmitter Monitor - Channels 14-83 .
TV Color-Subcarrier Manitor .
AM Frequency Deviation Monitor .
Amplitude-Modulation Monitor .

FC 1'ype
r1 ppl'oval Code
.Vumber Wonl Price

3-105 UlAN'!' $3200.00
3-105 GIAN'I' 3450.00

not. required ~IAJOR 1025.00
3-106 ~JALAY 1025.00
3-107 'l'ARHY 625.00

CHOICE OF PANEL FINISH
Gcucrlll Rudio Black Cracklc i••lumlunl. (,)t1wr .tundllrd lini.he. to match transmitt r equipment Clln also be sup­
plied.

General Radio Company
I


