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THE TYPE 1603-A Z-Y BRIDGE

A New Approach to
Avudio-Frequency Impedance Measurement

From short circuit to open circuit, real

#lalN THIS ISSUE or imaginary, positive or negative, a

bridge balance can be obtained with

Page ease. Clearly, high accuracy cannot be
NEW PULSE AMPLIFIER . . ... .... .. 9 maintained over an infinite range.
TEeeh SESrel ST o Sacky Nevertheless, good accuracy 1s ob-

UNIT INSTRUMENTS . ... ........l5 N R . 2 5
L I 16 tained over a very wide range and, even
OTHER BRANCH OFFICE CHANGES. . . 16 i the ranges approaching zero im-
NEwW DISTRIBUTOR FOR ISRAEL . . . .. 16 pedance or zero admittance, the ability
- to get an answer of any kind is often

very valuable.

Anyone who has balanced an 1m- The customary types of impedance
pedance bridge has probably experi- bridges, Maxwell, Hay, Schering, etc.,

enced the frustration of trying to evaluate, more or less directly, the in-
measure an impedance outside the (uctance or capacitance of an unknown
range of the available bridge. The
losses in the unknown may be too great,
1ts impedance too high or too low;
whatever the reason, the null balance
cannot be obtained. Combining the un-
known with another impedance ele-
ment may be the solution; sometimes
another instrument is available; but as
often as not the measurement is aban-
doned without any useful information
being obtained.

The new Type 1603-A Z-Y Bridge
possesses the almost unbelievable char-
acteristic that it can be balanced for any
impedance connected to its terminals.

Figure 1. Panel view of the Type 1603-A Z-Y
Bridge.

MAAANL 2 aricanra



www.americanradiohistory.com

GENERAL RADIO

circuit element together with its re-
sistance, (), or dissipation factor. De-
termination of the corresponding re-
actance or susceptance values of the
unknown then requires a computation
in terms of the angular frequency w.
The new bridge is designed for the
audio-frequency range, nominally from
20 cycles to 20 kilocyeles. It measures
directly the quadrature components of
a complex impedance Z = R + )X, or
a complex admittance Y = G + )B.
The unknown Z or Y may lie in
any ot the four quadrants of the com-
plex plane since this bridge can measure
both posttive and negative values of R
and G as well as X and B.
The basic circult 1s
resistance-capacitance bridge
used here in a manner which 1s be-
lieved to represent an entirely new
approach to the impedance measure-
ment problem at audio frequencies.
It bears, however, a family resemblance
to the radio-frequency bridge deseribed
by Sinelair.'-2

the famihiar
but 1s

Theory of the Bridge Network

The Z-Y bridge employs a substitu-
tion technique whereby an initial bal-
ance, without the unknown element, is
followed by a final balance with the un-
known in circuit. The difference in
setting of the controls between these
two balances measures the complex
components of the unknown. Bridge
balance is attained by the adjustment
of a pair of resistive elements, one 1n
each of two opposite bridge arms.

Figure 2 shows the basic bridge net-
work 1n which the balancing controls
are the rheostats [R,, calibrated 1n

t Sinclair, D. B., “A Radio-Frequency Bridge for Im-
pedance Measuremnents from 400 Kilocycles to 60 Negza-
cycles,” Proc. IRE, Vol. 28, p. 497, November, 1940.

2 Sinclair, D. B., “A New R-F Rridge for Use at Fre-
quencies up to 60 Megacycles.,” General Radio Ezperi-
menter, Vol. XVII, No. 3, August, 1942,

EXPERIMENTER 2

Figure 2. Basic bridge
network.

ohms of resistance, and (., calibrated
in mhos of conductance. It R,, and G,,
are their initial balance values, the
equations for this preliminary balance
are:
W Con,. = D60 (1)
G RBCp = C, (2)

It will be seen that this initial balance
1s independent of frequency and, fur-
thermore, will have no sliding zero,
since neither of the balancing controls
occurs in both equations.

For measuring its impedance, the un-
known (Z = R. + jX.) is inserted in
series into the P arm of the bridg>
between I, and the bridge vertex V.
The final bridge balance then yields the
new values R,, and (,,. It follows that
the unknown resistance is given by:

R, =R, — R,, =68R, (3)
at all frequencies. Note that R, can be
negative 1t R,, exceeds I,,. The un-
known reactance

X: = K(Ga — Gag) = K6G,) (4)
where the bridge constant

. Ry D

k- R (5)
(JJ( n

The unknown reactance is inductive

if (/o 1s decreased in the final balance,
or capacitive if (7, 1s increased.

For measuring its admittance, the
unknown (Y = G, + jB.) is connected
across the A arm of the bridge in parallel
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with G, and C,. The final balance yields
the new values G,; and R,; so that the
unknown conductance:

G: - Gal - Gas o= 5Gu (6)
at all frequencies and can be negative if
G.s exceeds G,,. The unknown sus-
ceptance

B RPS R‘Pl 6}?19 (7)
x > = =
K K

1s inductive if R, decreases or capacitive
if R, increases in the final balance.

Note that in the two types of meas-
urement the tunctions of the two bal-
ance controls are transposed. In the
measurement of 7, the change in R,
gives directly the real component R,
and the change in G, determines the
imaginary component X ., while in the
measurement of }, the change in R,
determines the imaginary component
B. and the change in G, gives directly
the real component G ..

A given scale on the R, control can
obviously be made direct reading in
both &, and B, by the proper cheice of
the bridge constant, I, Equation (5).
Similarly the G, control can be made
direct reading in both G, and X, In-
spection of the equations shows that, if
these common dial scales are to be cali-
brated in ohms and micromhos, the re-
quired value of K is 108. If complete
coverage is desired, it follows that the
resistance range must be the reciprocal
of the conductance range. In the Type
1603-A Z-Y Bridge, K equals 10%, and
identical ranges of 1000 ohms and 1000
umhos have been chosen for the com-
plex parameters of the unknown. To
permit measurement of positive and
negative values of R, (G,, X, and B,
Initial balance must occur at mid-
range of both control scales.

From equation (5) it is seen that the

JUuLY, 1955

bridge constant, K, is a function of fre-
quency. By means of a three-position
switch, the fixed parameters of the
bridge network are selected to keep
each of the products R,;C, and R.,C,
constant and, simultaneously, to give K
a value of 10% for any ene of three con-
venient reference frequencies: f, = 100
¢, 1 ke or 10 ke. When the bridge is oper-
ated at the corresponding reference fre-
quency, the dial scale for the imaginary
component. will be direct reading in
ohms or umhos. The R and G scales are
direct-reading at any frequency.

When the operating frequency, f,
ditffers from the selected reference fre-
quency, fo,, the imaginary components
are given by:

X . (in ohms) = (6G4 in umhos) (8)

f;

B, (in umhos) = =

o

(6R, in ohms) (9)

A balance of this bridge can be ob-
tained 1n terms of #Zmpedance at any

given frequency, f, if R, and X, (jf7>

are both below 1000 ohms. If either of
these quantities exceeds 1000 ohms, an
tmpedance balance is impossible. How-
ever, by connecting the unknown in
parallel in the A arm, an admzttance
balance can be obtained, as the follow-
ing simple consideration will show. If
either component of the complex im-
pedance
=1X —

femits fo>
exceeds 1000 ohms, the scalar value of
this impedance must exceed 1000 ohms,
and the scalar value of the correspond-
ing complex admittance, as well as each
of its components, must be less than
1000 umhos.
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Figure 3. Normal operation of the Z-Y Bridge

Figure 3a. Initial balance ob- Figure

tained with controls AG,, and
ARp.

Conversely if either of the quadrature

components G, or B, <j;’:’> exceeds

1000 wmhos, an admittance balance is
impossible, but an Zmpedance balance
can be made.

Thus either a Z or a } balance is al-
ways possible and we have a truly uni-
versal bridge with an infinite range.
The familiar equations for translating
impedance to admittance components,
or vice versa, can, of course, be used if
desired.

In a given impedance balance it will
be seen from Equation (8) that, if 6Ga
turns out to be less than 100 gmhos
when f, i1s 1 or 10 ke, a shift to the next
smaller value of f, will increase the re-
quired 8G, ten fold and thereby en-
hance the precision with which the
reactance, X, is evaluated. Similarly,
in a given admittance balance, Equa-
tion (9), if 6k, 1s less than 100 ohms
when f, is 100 ¢ or 1 ke, a shift to the
next larger value of f, will inerease the
precision with which the susceptance,
32, can be measured.

Conversely, an increase in f,, if pos-
sible, may serve to bring within limits
an ‘“off-scale” value of X ., while a de-
crease of f,, if possible, may bring with-
in limits an ‘‘off-scale’ value of 73..

Under these conditions, the f, selector

3b. Measurement of
impedance. Final balance ob-
tained with controls G, and
Rp.

3c. Measurement of
admittance. Final balance ob-
tained with controls G, and
Ry.

Figure

switch functions, in effeet, as a multi-
plier for the X or B scale ranges, but
not for the R or G scale ranges which are
fixed at 1000 units each for all values of
both f and f,.

Operating Features

The user will appreciate the con-
venience of zero-centered scales on the
two balanecing controls which, in the
final balance, read directly the values of
6%, and 4G, and eliminate the sub-
traction indicated in the equations.

Each balance control consists of two
separate rheostats. There are two main
controls designated as G, and R, in Fig-
ure 3. These have identical linear scales,
each zero-centered and calibrated to
= 1050 units i each direction to pro-
vide some desirable overlap. They are
preset to their respective mid-scale
values Gg and F,, prior to making the
initial balance with the two auxiliary
controls AG, and AR, Final balance is
then made with the two main dials,
which indicate directly the values of f?;
(or ;) and 6G, for Equation (8) (or 8/,
for Equation (9) ). The frequency ratios
in these equations are indicated on the
main dials.

In operation designated as normal,
during the initial balance the two main
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control rheostats are removed from the
circuit by switching and are replaced by
two fixed resistors duplicating their
mid-scale values Go and R, thus
avoiding a preliminary centering of the
main dials. This feature is a great con-
venience i1 making measurements over
a range of frequency, since a quick
readjustment of the initial balance can
be made on the auxiliary dials for each
new frequency.

It the Z or ¥ components of the un-
known produce only small main dial dis-
placements (readable with limited pre-
cision) in the final balance, a reversed
operation technique can be used. In this
case all four balance controls are in the
circuit during the initial balance, which
1s made with the two main controls
after the two auxiliary controls have
been set to give the desired range
of measurement. The final balance is
then made solely on the two auxiliary
controls whose i1ncremental displace-
ments, on expanded scales, permit more
precise measurements.

For this purpose, the auxiliary dials
are calibrated in the same units as the
main dials and have full scale ranges of
120 units for AG, and 140 units for
AR, They are purposely made non-

Figure 4. Impedance components of "black box’’
as a function of frequency.

500c¢ 1Ke 2Kc 5K OKec
FREQUENCY

REACTANCE - OHMS
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linear to permit maximum precision
in the measurement of a few ohms or
a few micromhos.

By selecting the appropriate arrange-
ment of the detector terminals of
the bridge, the operator may meas-
ure: (1) the grounded Z or Y value of the
unknown with one terminal grounded
and the ground capacitance of its high
terminal in parallel with the unknown
element, (2) the déirect 7 or Y value with
the ground capacitances of both ter-
minals removed, or (3) the balanced
value of Z or YV with both ground capac-
itances of the floating unknown element
existing in delta across it. This valuable
feature i3 not possessed by many types
of impedance bridges.

The generator 1s isolated from the
bridge network by an internal shielded
transformer. (Fig. 2.) A similar external
transformer (not provided) is required
for the detector input if the balanced
value of the unknown is desired. The
Type 578 Transformer is recommended.

Figure 1 shows the panel arrange-
ment. of this bridge. The two (/, con-
trols are on the left and the two R, con-
trols are on the right. Switching is
arranged for maximum convenience,
which permits the unknown to remain

Figure 5. Reactance vs. resistance for a typical
loud speaker.
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Figure 6. Impedance parameters of an electrolytic
capacitor.

attached to a single pair of terminals at
all times. The function of the f, selector
switch (upper left on panel) has already
been described. A six-position switch
(upper right panel) provides for (1) nor-
mal nitial, (2) reversed initial and (3)
final balance for either Z or }" measure-
ments. It disconnects the non-grounded
terminal of the unknown for all initial
balances. In addition, 1t shifts the
bridge position of the unknown to
permit Z or } measurements, keeping
the same unknown terminal grounded
in all positions.

Residual Errors

Any impedance bridge is subject to
certain residual errors because its resis-
tive components cannot be made com-
pletely non-reactive, and its reactive
components cannot be made to have
zero losses. Furthermore, stray ground
capacitance exists at each vertex of the
bridge which is notsdirectly grounded.

This capacitance i1s not significant,
of course, 1f the opposite vertex 1s
grounded.

In this Z-Y bridsge, see Figure 2, the
bridge vertex V 1s grounded for im-
pedance measurements, while the bridge
vertex T is grounded for admittance
measurements. Henece the residual

R 6
12
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e Y (R
S 6 . 4! T B
— i
= x| 5 M P
4 d I | 2 = : —
L) A
2 el .
/// :
(3 ; ‘
0.2 05 i 2 5 0 20

KILOCYCLES

Figure 7. Impedance components of tape recorder
head as a function of frequency.

ground capacitance at the vertex S ap-
pears across the P arm for Z meas-
urements and across the 13 arm for
Y measurements. To neutralize this
capacitance, a small voltage of appro-
priate phase and magnitude is in-
troduced at this junction S. The
transformer capacitance and the ground
capacitance of the vertex @ are in paral-
lel with either C, or ("5, where they are
insignificant.

Other significant residual impedances
are the small inductances of the wind-
ings of the two main rheostats. These
have been neutralized at mid-scale and
at the extreme scale limits by plac-
ing appropriate capacitors across each
half of these rheostat windings. The re-
maining (reduced) errors reach a maxi-
mum at the =500 scale points. Correc-
tion data, significant only at high fre-
quencies, are supphied.

The over-all accuracy of measure-
ment depends not only on the influerce
of bridge residuals but also upon the
resolution of the control dials and on
the sensitivity of the null detector.
Since the bridge constant X i1s a funec-
tion of frequency, 1t should be noted
that the absolute wvalues of a meas-
ured X, or B; but not R: or G
depend directly upon the accuracy with
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which the frequency, f, of the generator
is known. Nominal accuracy of the

bridge is =1 9.

APPLICATIONS

This new and versatile bridge is sim-
ple, convenient and rapid in operation
and should find many useful applica-
tions in addition to the obvious meas-
urement of R, L and ¢ components.
Among these are:

A. THE TyricaL “BrLack Box’ Pros-
LEM

The two-terminal circuit network,
containing a resistor, an imductor and
two capacitors, was measured as an
impedance from 100 ¢ to 10 ke. Figure
4 shows the variation of i and X with
frequency.

B. ANALYSIS OF ELECTRO-ACOUSTIC
TRANSDUCERS

Figure 5 shows the unclamped imped-
ance circle for a small 2-ohm, 2-inch
loud speaker measured directly, without
a transformer, and demonstrates a ma-
jor acoustie resonance, without a baffle,
at about 350 cycles.

C. LF CuaaracTERISTICS OF KLECTRO-
LYTIC CAPACITORS
Measured values for a small elec-
Figure 8. Susceptance variation of a
5-henry inductor at frequencies
where distributed cpacitance pro- 3
Figure

duces resonance effects.
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trolytic¢ capacitor, when translated into
series resistance and capacitance, Figure
6, show the progressive drop of ' with
increasing f and the rapid rise in R
below 400 cycles.
D. TEsTs FOR LINEARITY
NENTS
A frequency run of a tape recorder
head, Figure 7, showed it to be non-
resonant at least up to 20 ke.
E. REsSONANT FREQUENCIES OF INDUC-
TORS AND TRANSFORMERS
Figure 8 shows the susceptance varia-
tion of a 5 henry inductor with increas-
ing frequency. This inductor first be-
came capacitive at fi, reverted to induc-
tive at f., and became capacitive again
at f3, which is not an exact harmonic of

Jr-
F.

orF CoMmpro-

TRANSFORMER PARAMETERS
The open and short-circuited 1mped-
ance of transformers can be measured
thereby yielding leakage reactance, self
and mutual inductance, and coeflicient
of coupling; for example, this bridge has
been used to measure the leakage reac-
tance of Variac® autotransformers.
(. Aup10 TRANSMISSION NETWORKS
The input and output impedance of
filters and other audio frequency trans-

9. Impedance components of a Balsbaugh cell

(110uuf empty) filled with tap water. Since the electrodes
of this particular cell were not designed for use with water,
the data are not indicative of the actual constants of the

but are presented here only as an example of this
type of measurement.
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mission networks, together with their
complex characteristic impedance, can
be obtained.
H. IMPEDANCE OF BATTERIES

The internal impedance of batteries
can be measured provided that their
resistance is less than one kilohm.
I. ConbucTivIiTY OF LIQUIDS

This bridge should be particularly
useful for measuring the a-c conductiv-
1ty of electrolytic solutions. Irrespective
of dielectric constant, the reactive com-
ponent of the test cell impedance can be
balanced. Figure 9 shows data taken
on tap water using a Balsbaugh cell.
J. ELecTRO-CHEMICAL RESEARCH

Cireular are plots of solids or liquids
having lossy polarizations in the audio-
frequency range can be obtained. Data
that have hitherto been difficult to pro-
cure in this region are now easily taken.
K. FrepBack Loors

The ability to measure a negative
resistance with this bridge is illustrated
by the data in Figure 10 which show the

EXPERIMENTER 8
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Figure 10. Input impedance of a feedback circuit
showing negative resistance characteristic.
impedance of an amplifier with cathode

follower network.

— Ivan GG. EAsTON

— HoraTio W. LLAMsSON
NorEe: The circuit and method of meas-
urement for this bridge was devised by
Ivan G. Easton, Administrative Ion-
gineer. Horatio W. l[.amson, Kngineer,

variation, with frequency, of the input collaboratedinthefinaldesign. — Iipiror
SPECIFICATIONS

Frequency Range: 20 cycles to 20 ke. . fo -

Impedance and Admitfance Range: If the abso-  dials; =‘=(l%+[0.27 ohm or 0.2ﬁmncromho:|)

1000 ohms and the
Wio

absolute reactance is less than 1000 7 ohms,
the unknown is measured as an impedance. If
the absolute conductance is less than 1000
micromhos and the absolute susceptance is

lute resistance is less than

less than 1000 L micromhos, the unknown is

Jo
measured as an admittance. Under certain
limited conditions, a choice of Z or } measure-
ments is possible.

Accuracy: For real components, R or G:
= (19, +|2 ohms or 2 micromhos]) for the main
dials: components of less than about 100 ohms
(or 100 micromhos) can be measured on the
auxiliary dials within =19, 4+[0.2 ohm or 0.2
micromho]). For imaginary component, X or B:

= (19, + l: 2—1‘};'01111) 01'?—fmicr0mho] )for the main
Type
1603-A Z-Y Bridge

for the auxiliary dials. To obtain this accuracy
in the measurement of small quadrature com-
ponents at the higher frequencies, correction
data, supplied in the operating instructions,
must bhe applied. The absolute measurement
of X and B, but not R and G, involves the fre-
quency error of the exciting generator.
Maximum Applied Voltage: 130 volts rms.
Accessories Required: A calibrated oscillator or
other suitable a-¢c generator, and a null detec-
tor. The TypE 1210-B Unit Oscillator and the
Type 1212-A Unit Null Detector are recom-
mended.

Accessories Supplied: 2 Typre 274-NCO Shielded
Cables, for connections to generator and
detector.

Mounting: Aluminum cabinet and panel. Black
crackle finish. Carrying handle provided.
Dimensions: Panel: (Width) 1214 X (height)
1314 X (depth) 814 inches, over-all.

Net Weight: 21 15 pounds.

Code Word Price

CATER $335.00
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NEW PULSE AMPLIFIER

JULY, 1955

INCREASES UTILITY

OF UNIT PULSER

Designed primarily as a companion
instrument for the Type 1217-A ! Unit
Pulser, the TypeE 1219-A Unit Pulse
Amplifier offers a specific solution to the
problem of producing pulses with many
different characteristics of duration,
duty ratio, and impedance level at
higher power levels. In combination,
the Unit Pulser and Unit Pulse Ampli-
fier constitute a pulse generator ap-
proaching the wide range of durations
and repetition rates characteristic of the
Unit Pulser, but with the power-output
characteristics usually associated with
more expensive and specialized pulse
generators designed to fit limited fields
of application. Through the economies
of standardized unit design, this ver-
satile combination is lower in price than
many narrow range pulsers designed
for medium power output.

When it is driven by any available
source of either positive or negative
pulses, the Unit IPulse Amplifier will
produce pulses of current with magni-
tudes up to 600 ma. This pulse of cur-
rent can drive internal loads to produce

1 Frank, R. W., “Pulses in a Small Package', General
Radio Ezxperimenter, Vol. XX VIII, No. 10, March 1954,
pp. 1-7.

either positive or negative voltage
pulses, or can be used to drive a load
external to the instrument. The internal
load resistors are chosen to terminate a
wide variety of transmission lines in
their characteristic impedances.

General Design Considerations

‘I'he main objective in the design of
the Typre 1219-A Unit Pulse Amplifier
was to obtain a maximum value of cur-
rent into the load while retaining as
many of the desirable wide ranges of
duration and repetition rates of the
Unit Pulser as possible. It was obvious
at the outset that some maximum duty-
ratio limitations had to be imposed if
the amplifier were to produce a usefully
high output power at moderate cost. A
current between 14 and 1 ampere, giv-
ing an adequate voltage for direct
deflection of a cathode-ray tube with
the lowest normally encountered trans-
mission-line terminating ° impedance,
was desirable. General considerations of
power supply design, economical pack-
aging, heat dissipation, and vacuum-
tube availability led to the final choice

Figure 1. Panel view of the Type 1219-A Unit Puise Amplifier.
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of peak current as 600 ma for very low
duty ratios and 500 ma for duty ratios
in the neighborhood of 0.1. The maxi-
mum duty ratio was set at 0.2 by plate
dissipation in the output stage.

The auxiliary considerations of drive,
bandwidth, and output circuit were
chosen to make the unit as universally
applicable as possible. Minimum output
impedance was set at 50 ohms, and
convenient values of output impedance,
ranging up to 150 ohms for positive out-
put pulses and 570 ohms for the nega-
tive pulses, were provided by internal
switching. With pulses of long duration
and low values of output impedance,
a capacitive output coupling system
would be bulky and would limit the
output voltages. To overcome this
problem, the output switching system
was designed to permit both negative
and positive output pulses to retain
their d-¢ component relative to chassis
ground.

For maximum fiexibility, provision
1s made for both positive and negative
driving pulses. A panel switch connects
an amplifier-inverter stage into the cir-
cuit when positive drive 1s used. With
this arrangement, it is possible to drive
the amplifier from almost any
source.

To increase further the flexibility of
the instrument, a switch has been pro-
vided which will reduce the output cur-
rent by a factor of approximately 2.5,

pulse

Figure 2. The Unit Pulser and Unit Pulse A mplifier,
as set up to pulse a Type 1218-A Unit Oscillator at
1400 megacycles.

so that i1t becomes possible to operate
the instrument safely at duty ratios up
to 0.5 with an output current of 200 ma.
Two desirable features are gained by
this mode of operation; it i1s possible to
obtain a square-wave output, and the
rise and decay times are improved.

As with any power amplifier where a
maximum duty-ratio restriction is nec-
essary to obtain the desired peak-power
output, it 1s possible, by incorrect choice
of the input time durations and repeti-
tion rates, to overload the output am-
plifier stage and therefore to damage
it. The necessary protection for the out-
put tubes and power supply 1s afforded
by a 100-ma fuse mounted on the front
panel. A neon panel lamp does double
duty as pilot lamp and blown fuse indi-
cator, since, in the event of a serious
overload which will blow the fuse, the
lamp 1s extinguished.

Circuits

The basice circuitry of the Unit Pulse
Amplifier is conventional, as shown hy
the elementary schematic of Figure 3
and consists of a power stage using two
paralleled 5763 power pentodes (V-3
V-4), a driver employing a Tyre 12AU7
(V-2), and, for positive input pulses, an
amplifier-inverter stage (V-1). Two in-
ternal power supplies of 300 volts and
260 volts for the output tubes and driv-
ers, respectively, are provided.

A single 12-position output switeh,
S-4, controls the internally available
output impedances and output pulse
polarity. Four positions of this switch
select output pulses that are positive
with respect to chassis ground at im-
pedance levels of 50, 75, 100, and 150
ohms. In this class of operation the two
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output tubes are used as cathode fol-
lowers, and their 300-volt power supply
has its negative side on chassis ground.
For pulses with negative polarity the
remaining eight switch positions are
used to provide internal loads with 1m-
pedances ranging trom 50 to approxi-
mately 570 ohms. The loads in this case
are placed in the plate circuit of the
5763’s, and the positive side of the
300-volt power supply is grounded to
chassis. The output stage for negative
pulses thus approaches a current source,
and the output impedance is linear and
independent of tube characteristics.

For negative pulse imput, the input
polarity switch connects the immput ter-
minals directly to the driver stage.
In this use, the power amplifier
a two-stage unit and provides an out-
put pulse of excellent shape (see Fig-
ure 4) in which the imput pulse dura-
tion is faithfully reproduced. For a
large-amplitude negative pulse, ulti-
mate rise and decay times for the
output stage are .050 and .030 usec
respectively. Pulses as brief as .050
usec at the half-amplitude points have
been faithfully reproduced. When the
duty ratio switch is in the 0.5 position,
the rise and decay times are improved
to 030 and .020 usec respectively (see
Figure 7a).

The amplifier-inverter stage is con-
nected to the imput terminals and sup-

1S

JuLy, 1955
plied with plate voltage when the input
polarity switeh is in the Positive Input
position. T'his stage then provides a neg-
ative pulse to turn off the driver upon
the application of a positive driving
pulse. Some care must be exercised to
preserve the good shape characteristics
inherent in the driver-power amplifier
system. An excessive positive driving
amplitude will cause the output pulse to
be stretched by up to 0.4 usee and will
cause a small hump of the order of 39,
of the pulse amplitude to appear before
the late transition (see Ifigure 7¢).
Since the output system is direct-
coupled, the input signals at the grid of
the driver and amplifier must be applhed
through coupling capacitors. These sig-
nals must appear negative or positive
with respect to the cathode potentials
of either the driver or amplifier. If the
input were applied relative to chassis
ground rather than referenced to the
negative supply, any noise or hum on
this supply would add to the signal.
This would unnecessarily complicate
the design of the driver-power supply.
Note that, in Figure 4, the input sig-
nals are referenced to the driver supply
negative rather than to chassis ground
by virtue of an insulated low 1nput
terminal. Best performance will always
be obtained by floating the ground of
the input system on this post. This does
not preclude obtaining synchronizing

Figure 3. Elementary schematic circuit diagram of the Unit Pulse Amplifier.

AMP-PHASE NV —— — — DRIVER———————— — — —'PO»;L;A’ AMP‘ /F/[S i secar i
POS PULSE. <"
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260 ) .
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Figure 4
Negative output pul se

P.R.F. = 10kc
Tp =0.lusec

0. lsec/cm
S0QY 28 volts

P.R.F. = 10ke
Tp =0.5usec

0.1usec/cm
5000 28 volts

P.R.F. =10ke
Tp = 3usec

lpsec/cm
502 28 volts

Positive output pulse

P.R.F. = 10kc
Tp = Jusec

lusec/cm
500 30 volts

P.R.F. = 10kc
Tp =0.5usec

0.1x.sec/cm
5000 30 volts

P.R.F. = 10kc
Tp =0.12usec

0. lusec/cm
5000 30 volts

Negative output pulse

200usec/cm P.R.F. = 200c
500 25 volts Tp = 1000 sec

(Note slope of bottom)

133.5ec/cm P.R.F. = lkc
57000 270 volts TP = 200 sec

lke square wave
50Q 10 volts
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pulses, etc., from the driving source,
since these signals are generally ob-
tained through coupling circuits whose
low-frequency impedance is negligible.

The two internal power supplies are
of the full-wave-doubler variety, which
make most eflicient use of the power
transformer copper and to which sele-
nium rectifiers lend themselves so well.
L.arge rectifier de-rating figures have
been used to insure long life. Adequate
filtering is provided by two-gection R-C
units for both driver and output sup-
plies. The hum on the output pulse is
less than 19.

Some Notes on Operating Characteristics

In any specific use, careful considera-
tion must be given to two important
effects that are encountered with (1)
pulses of high duty ratio and (2) pulses
of long time duration. The characteris-
tics of the Typre 1219-A under these
conditions are given in Figures 5 and 6
below.

Figure 5 shows the effect of high duty
ratios on output current. This informa-
tion is tabulated on the panel. The
effect i1s due to power supply regula-
tion, and it is an advantageous one
because it permits a more economical
use of the output tubes for the low
duty ratios most commonly encoun-
tered. Without the protection of de-
creasing power supply voltage at higher
duty ratios, either the range of duty
ratios or the peak current at the lower
ratios would have to be decreased.

Figure 6 shows the characteristics
of the output pulse with regard to max-
imum permissible pulse durations for
negative drive. Here the criterion se-
lected was a droop of 1095 in the ‘‘tube
on’’ portion of the pulse. The ramp-off
may be due to any one or a combination
of three effects: (1) discharge of the in-
ternal power supply, (2) insufficient
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Figure 5. Effect of duty ratio on output current.

driving amplitude which will cause the
driver tube to come back on prema-
turely, or (3) a combination of low driv-
g voltage with an external blocking
capacitor in the driving pulse generator.
IFigure 6 shows that, with a driving
voltage m excess of 27.5 volts, the first
effect will predominate, and a ramp-off
of 109, will be reached with an output
pulse of 4000 usec. The rate of ramp-off
1Is very nearly linear so a 1000-usec
pulse will have a droop of 2.59; due
to this effect, ete. (dotted curve). In-
teraction hetween the driver and main
power supplies holds the droop for posi-
tive pulse outputs down, so that, with
input amplitudes in excess of 55 volts,
positive output pulses up to 10,000
pusec may be ohtained. As the driving
voltage 1s lowered below its maximum
ralue, the effect due to discharge of the
driver coupling circuit predominates,
and the 109, ramp-off figure is reached
sooner. For example, with only 25 volts
available, the output pulse droops by
109¢ at 3000 usec.

JULY, 1955

|
A 1R 5
1219-A TYPICAL PULSE DROOP
AS A FUNCT

NCTION OF NEGATIVE V-,
1 INPUT PULSE VOLTAGE

|
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9000 OT0
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Figure 6. Output pulse characteristics
as function of maximum permissible
pulse duration.

With positive input pulses, the driver
stage supplies an adequate voltage to
permit the maximum durations shown
in I'igure 6 to be reached.

Figure 7 illustrates two additional
minor characteristies of the Pulse Am-
plifier which are of interest when the
unit i1s used to produce brief pulses.
The effects are time delay and a tend-
ency for the input pulse to be stretched
when the inverter-amplifier stage is
overdriven by a positive input pulse.
IFigures 7, a and b, illustrate the time

Figure 7

Input Neg.  50v
Output Neg. 25v

Input Neg. SOwv

Input Pos.  50v
Output Pos. 30v
(Note stretching caused

by overdrive)

wwWw americanradiohistorv com

Time delay and overdrive effects

0.05usec
5002 0.05pu.sec

0.05usec
Output Pos. 20v S0Q) 0.05usec

0.05usec
50Q 0.4usec
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delay effect for both negative and posi-
tive outputs with a brief negative input
pulse; the time delay through the Pulse
Amplifier is of the order of 0.05 usec.

In Figure 7¢, a high-amplitude positive

pulse 1s used to overdrive the pulse in-
put stage, and the output pulse is
““stretched”” by approximately 0.35
usec. The stretching effect is reduced by
reducing input amplitude.

— R. W. Frank

SPECIFICATIONS

Ovutput Pulse:

voltage is between 10 and 250 volts and

The open-circuit output pulse
is

the product of the combination of impedance

and available current listed below.

duty-ratio switches. These characteristics are
summarized in the table below.

(4) Maximum Pulse Duration: The maxi-
mum duration of the pulse depends only on the

(1) Impedance: tolerable ramp-off during the ‘“on?” perlod If
a. Positive pulse: 50, 75, 100, 150 ohms, 109 is chosen, then the maximum ‘“on’’ period

all =109, for positive pulses 1s 10 mesee and for negative

b. Negative pulse: 50, 75, 100, 150, 200, pulses 4 musec; with the Type 1217-A, the

250, 300 ohms, all =tl(),0;
ohms =209, designed to
maximum output voltage.

570
permit

(2) Output Current: This quantity depends
upon the position of the duty-ratio selector

switch and upon the duty ratio.

maximum for negative pulses i1s 1 mugusee, for
positive pulses, 10 mcsec.

(5) Pulse Shape: Overshoot less than 59, of
amplitude on any output switch position.

(6) Noise: Hum on the output pulse less
than 19, of pulse amplitude.

(7) Input Pulse: The maximum duration of

DUTY the output pulse is to some extent determined
RATIO OUTPUT CURRENT (ma) by the input pulse voltage, and tolerable droop.
POSITIVE PULSE | NEGATIVE PULSE 1 > . _ d
Il MANXIMUM DURATION
o7 2
DR Sw0.2 | DRSwO0.5 || DRSw0.2 | DRSw 0.5 ‘ TO 10% DROOE
0.05 |620 =10% 350 «15%|| 575 =10%| 330 =15% Positive Negative
0.1 580 =10% 325 =15%]|| 550 =10%| 300 =15% Input Output Output
0.2 550 = 8% 300 =15%|| 475 =10%| 275 =159,
0.5 — 250 =15% | = 225 =15%
k ‘ Negative 30 v 2000 rsec 4000 rsec
-~ 1 -, . Negative 55 v | 10,000 1000
(33) Transition 'lgxl}es: The transition times Positive 10 v ‘ 10,000 6000
depend on the transition times, magnitude, and

polarity of the input pulse, as well as on the

settings of the output impedance, polarity, and The droop is approximately linear, hence the

INPUT PULSE ! OUTPUT CHARACTERISTIC I
Rise l DUTY RATIO DUTY RATIO
and Sw (.2 Sw 0.5
Decay e T n e OUTPUT
Polarity | Amplitude Time ’Ir‘{lii(:e I,;fl;‘]"g r{‘{llr::; Ir{;:]‘:: Switch
Negative 30 v 2 mgsec 50 mpesee | 30 mpsee | 40 musec | 20 m: sec Negative, 50 2
50 50 60 50 Negative, 50 @
Negative | 30 v 50 e sec J 100 100 30 90 Negative, 570
‘ 80 80) 60 70 Positive, 50
180 110 110 80 Positive, 150 @
| | 60 90) 40 80) Negative, 50
Negative | 50 v 1217-A | || 100 120 90 110 Negative, 570 @
Pulser 90 120 70 100 Positive, 50 @
‘ L 180 160 120 \ 130 | Positive, 150
60 240 40 160 | Negative, 50 @
Positive 2.5v L2007k 4 110 210 S0 160 ' Negative, 570
Pulser 90 180 90 120 Positive, 50 @
(Minimum necessary drive) 180 34() 130 160 ;\’Iosit.ive, 150 2
\ 50 R0 4() 60 egative, 50 2
Positive | 25 v 1217-A [ 90 110 100 100 | Negative, 570 Q
Pulser 90 110 60 80 ‘ Positive, 50 €2
(Puliss' alretohing 0:3 use0) | ‘ 180 150) 110 ne Pasitive, 150 ©
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maximum durations for 59, droop are 145 the

above figures.

JULY, 1955

Power Supply: 105125 volts, 50-60 cycles.
Input Power: 75 watts, full load, 115-volt line.

Input Impedance: Approximately 50 kilohms Dimensions: (Width) 1014 X (height) 53¢ X
shunted by 30 uuf. (depth) 614 inches over-all. Net Weight: 8145 Ibs.
Type Code Word Price

I
1219-A Unit Pulse Ameplifier. . ...................... ACRID ‘ $175.00

U. S. Patent 2,518,457

A REGULATED POWER SUPPLY FOR UNIT
INSTRUMENTS

To provide the ultimate in perform-
ance from General Radio Unit Instru-
ments, a voltage-regulated power unit,
the Type 1201-A Unit Regulated Power
Supply, is now available.

Although the Tyre 1203-A Unit
Power Supply is adequate for all normal
uses of Unit Instruments, there are ap-
plications where maximum stability of
oscillator output amplitude and fre-
quency is required, where amplifier hum
level or pulse jitter must be minimized,
or where local line voltage fluctuates so
badly that regulation is a necessity. For
these and other critical applications, the
new regulated power unit is well suited.

The Type 1201-A Unit Regulated

Instruments. The regulated unit, how-
ever, is capable of furnishing higher out-
put current with greatly reduced ripple
and noise.

The circuit, shown in Figure 2, is
that of a conventional series regulator,
using a 5H65H1-type voltage reference
tube and a high-gain cascode amplifier.

For critical applications, the use of
the TypreE 1201-A Unit Regulated Power
Supply will result in improved perform-
ance from GR Unit Instruments.

SPECIFICATIONS
High-Voltage Output:
Magnitude, 300 volts de, = 19,
Regulation, = 0.59;

Current, 70 ma, max.
120-Cycle Ripple, 10 millivolts at full load

2 p— . ; . Heater Output: 6.3 volts, ac; 4 amp., max.;
Power Supply is identical in size and unregulated.
external construction to the TYPE Input: 105 to 125 volts, 50 to 60 cycles, 100
i . watts.
1203-A Unit Power Supply, so that the tubes: 1 — 12AX7 1 — 6AV5GT 1 — 5651
x 3 ¢ Dimensions: (Width) 5 X (height) 534 X
L s al.e completely lntel.(hangeabl_e (depth) 614 inches, over-all, not including
mechanically for the operation of Unit power cord. Net Weight: 5 pounds.
Type Code Word Price
1201-A | Unit Regulated Power Supply ASSET | $80.00

Panel view of the Unit Regulated
Figure 2 (below). Elementary

Figure 1 (right).
Power Supply.

schematic.

& 3
hes ?

300v DC 7Oma,

? 63v AC 4a
ora
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K. Adams

W. M. |hde R. E. Bard

NEW PHILADELPHIA OFFICE

In order to give better service to
our customers in the Philadelphia and
Camden areas, General Radio has
opened a new branch office at 1150 York
Road, Abington, Pennsylvania. Mr.
Kipling Adams, for nine years manager
of the Chicago office, 1s now manager
of the new Philadelphia office.

Mr. William M. Thde, who has been
associated with our Chicago office for
five years, becomes manager of the
Chicago office and will be assisted by
Mr. Robert E. Bard, who has for the
past three vears been on our Cambridge
Sales Engineering staff.

OTHER BRANCH OFFICE CHANGES

Mr. William R. Thurston, well known
in the New York area as manager of our
district office and as Chairman of the
Northern New Jersev Section of the

W. R. Thurston G. G. Ross C.W. Harrison

IRE, is returning to the home office at
Cambridge to assume new responsibili-
ties with the Sales Engineering group.
Mr. George GG. Ross becomes the new
manager of the New York office. He
will be ably assisted by Mr. C. William
Harrison, who for the past two years
has been a sales engineer at Cambridge.

NEW DISTRIBUTOR FOR ISRAEL

We take pleasure in announcing the
appointment of the l.andseas PProduects
Corporation, 39 Broadway, New York
6, New York, as our exclusive represent.-
ative for Israel.

It 1s expected that we shall be able to
render the best possible service to our
friends in Israel through the good offices
of the parent concern and its resident
branch, the Landseas-Eastern Com-
pany, PP. O. Box 2554, Tel Aviv, Israel.

GENERAL RADIO COMPANY -

275 MASSACHUSETTS AVENUE

CAMBRIDGE 39
TELEPHONE:

TRowbridge

MASSACHUSETTS
6-4400

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK
90 WEST STREET
TEL.—WOrth 4.2722

CHICAGO 5, ILLINOIS ABINGTON,
920 SOUTH MICHIGAN AVENUE

TEL.—WAbash 2-3820 TEL:

PENNSYLVANIA

LOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARD STREET
TEL.—HOIllywood 9-6201

SILVER SPRING, MARYLAND

1150 YORK ROAD 8055 13th STREET
TUrner 7-8486 TEL.—JUniper S5-1088
RIS
u s A
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