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PULSE AND FREQUENCY RESPONSE

Some Useful Relations

by J. K. Skilling

If a fast pulse is applied to a wideband circuit, and the output has a rise time of
50 nanoseconds and no overshoot, the upper cutoff frequency is approximately
7 MHz. If the same circuit exhibits 25 percent droop in its response to a l-second
pulse, its low-frequency cutoff is 0.05 Hz.

It is often useful to be able to infer the frequency response of a device or circuit
from measurements of pulse response. FFor one thing, instrumentation for pulse
work 1is generally simpler than that for sine-wave measurements. To measure
directly the two cutoff frequencies in the above example, one would probably
need two sine-wave signal generators to cover the range from 0.01 Hz to 10 M Hz.
Measurements at several frequencies would have to be taken. A sweeper would
be more convenient — although it would give no phase information — but would
entail an even larger commitment to instrumentation. On the other hand an
economical, general-purpose pulse generator and oscilloscope are the only instru-
ments needed for the rapid pulse testing of wideband circuits and devices.

And there are other advantages to the use of pulse techniques. Pulse excitation
allows independent control over signal level and average power in the device
under test. Also, the use of an oscilloscope to view the output immediatély un-
covers gross distortion, clipping, oscillation, ete that might otherwise escape
notice.

On the debit side, the present state of instrumentation does not allow the
observation of waveferms with the accuracy that characterizes sine-wave testing.
As a result, pulse tests give less accurate information about frequency response
than do direct measurements.

MODELS

Correlation of pulse and sine-wave responses is generally done, as most active-
circuit caleculations are done, with models. One calculates beth pulse-response
waveforms and frequency-response curves for a given model circuit with given
component values. The assumption is that if the observed waveform from a real
device is the same as a waveform that one has calculated for the model, then the
device’s frequency response will be the same as that calculated for the model.
This is born out, at least to a good approximation, by most common wideband,
linear devices and circuits that have reasenably smooth rolloffs at both low and
high frequencies.
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LOW-FREQUENCY RESPONSE

The low-frequency response of the circuit governs the amount of ‘“droop’’ in
the output pulse. It is usually adequate to choose a simple Rc high-pass circuit
as a model for low-frequency behavior, as shown in Figure 1. If the amount of
droop is less than 30 percent, the low-frequency cutoff frequency f is given in
terms of the droop D (percent) and the pulse-duration time 74 by the approximate
formula

In practice, one might adjust the pulse duration until a droop of 25 percent is
observed. When D = 259, the low-frequency cutoff can be calculated with a
formula that is a little more accurate than the one given above:

= 0.0456

T (droop = 259%,)

J1

HIGH-FREQUENCY RESPONSE

The high-frequency behavior of the circuit governs the way in which the output
waveform responds to an input step. A model suitable for high frequencies is
somewhat more complicated than the low-frequency model we have just dis-
cussed. The one usually chosen is the series-parallel circuit shown in Figure 2.!
The source is a current step whose magnitude [ is such that /R = 1. The ratio m
measures the amount of peaking or, inversely, the amount of damping. (It 1s
equal to the square of the circuit’s Q at the resonant frequency of L and C.)

Figure 3 shows calculated output waveforms for various values of m. Note
that the time is measured in units of 7¢. Also shown in Figure 3 are the definitions
of two parameters having to do with the circuit’s step response: the overshoot r
and rise time ¢,.

1Valley and Wallman, Vacuum Tube Amplifiers, M.I.T. Radiation Laboratory Series, No. 18, Boston Technical
Publishers, Inc., Lexington, Mass., 1964,

O e,

source is a current step of magnitude |/, TR
and the circuit elements are in a series-~ = = m=T/T,
parallel configuration. e

- s i
Figure 2. High-frequency model. The o_|— CI Tec* RC
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Figure 3. Step response of the series-parallel high-frequency model of Figure 2. The time
axis is set off in units of 7. and the waveforms are functions only of m. The illustration in
the lower right corner shows how overshoot and risetime are defined.
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Figure 4. High-frequency response of the series-parallel model of Figure 2. These curves

are the companions of those in Figure 3. The frequency axis is marked off in units of 1/r.,

and the shapes of the curves, like the shapes of those in Figure 3, depend only on m.

The amount of peaking p (dB) and the cutoff frequency f., are defined by the sketch in
the upper right corner.
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The corresponding frequency-response curves are shown in Iigure 4. Here the
frequency is measured in units of 1/7¢ and the shape-of the curve is again a”™
funetion only of m.

Let us look at a few simple relations for representative values of m.

m =20

There is no inductance, and the model reduces to the simple rc low-pass network.
_0.159
Te

tr = 2-2 TC, fco

tofeo = 0.35 (golden rule)

0<m<0.25

Now there is some inductance present. As m increases, the rise time decreases and
the high-frequency cutoff increases.

m = 0.25 (eritical damping)

This is the condition for the shortest rise time without overshoot (although one
can do better with a more complicated ‘“peaking circuit’’?).

_0.225
Te

,
tr = 1.53TC, fco

tefen = 0.344

The golden rule survives.

0.25<m <0.50

The rise time continues to decrease and the cutoff frequency continues to increase,
but overshoot starts to build up and so does frequency peaking. At m = 0.50,
0.286

tr = 1.127¢, T =
‘o

trfco - 0.32

The golden rule is still barely tarnished.

m>0.50

Rise time continues to decrease, but overshoot becomes very large and repro-
duction of the pulse waveform is consequently poor. The cutoff frequency con-

2 See Valley and Wallman, op. cit., p 75.
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Table 1
Characteristic quantities for the series-parallel
high-frequency model
normalized
normalized cutoff rise-time-cutofi- frequency
rise time svershoot frequency frequency product peaking
m te/: r Seo ® Te Bz fls P
0 2.20 0% 0.159 0.350 O dB
0.07 2SS 0] 0.172 0.349 0
0.15 1.82 0] B9 2 0.349 0
0.20 1.68 0] 0.208 0.349 0
0.25 1.33 0] 0.225 0.344 0]
(0)38%) 18N 1.0 0.258 0335 0
0.50 112 6.7 0.286 0.320 0.25
0.70 1.01 16. 0.294 0.297 1.5
1.0 0.940 30. 0.289 0.276 3.3
2.0 0.865 68. 0.268 0.232 7.8
5.0 0.825 148. 0.245 0.202 S
tinues to increase until m = 0.7, where the bandwidth of the circuit is maximum.

M, The frequency peaking at maximum bandwidth is 1.5 dB. For larger values of m,
the model becomes a relatively high-Q resonant circuit with frequency peaking
that is excessive for a wide-band device.

The relations discussed above are tabulated as a funection of m in Table 1.

AN ALTERNATIVE HIGH-FREQUENCY MODEL

We can gain some confidence in the model-building method if we cempare the
above results with those for a different high-frequency model, the series circuit
shown in IYigure 5. The behavior of the series model is shown in Figures 6 and 7
and Table 2.

The response is similar to that of the series-parallel model. The improvement
in rise time and cutoff frequency with increasing m is not as marked the
improvement is 10 percent less at m = 0.25, for example. The cutoff frequency
maximizes at a lower value of m than with the series-parallel model. But the most

tC= RC
T =L/R
m = foTc

XGEN-E

Figure 5. Another high-frequency model. The source in
this circuit is a voltage step of unit magnitude and the
circuit elements are in series.

www americanradiohistorv com
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Figure 6. Step response of the series high-frequency model. The improvement in rise time
with increasing m is a little less than in the series-parallel model, but otherwise these
curves are very similar to those of Figure 3.
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Table 2
Characteristic quantities for the series
high-frequency model
normalized
normalized cutoff rise-time-cutofi- frequency
rise time overshoot, frequency frequency product peaking
m ‘r/Tc L fco ® Te ¢ 'fco P
o 2.20 0% 0.159 0.350 O dB
0.07 2.04 o 0.171 0.349 o
0.15 1.87 o 0.186 0.348 o
0.20 w77 o 0.196 0.347 o
0.25 1.68 0) 0.205 0.344 o
0.35 V.57 0.6 0.218 0.342 o
0.50 V.52 4.3 0.225 0.342 0)
0.70 1.55 9.6 0.219 0.33¢9 0.74
1.0 1.64 16.3 0.202 0.331 2.49
2.0 1.97 30.5 Ol 5% 0.313 7.18
5.0 273 48.6 0.107 0.293 14.42

M, important thing to notice is that this eircuit, too, obeys the golden rule: the
rise-time-bandwidth product is very close to 0.35 for small .

CASCADED STAGES

Cascaded stages with no overshoot have a combined rise time that is approxi-
mately the root-sum-square of the individual rise times:

tr combined — Vzrlz + tr22 + tr32 + . e .

This useful relation also allows one to calculate the effect of the measuring
system on the rise time. For example, if a pulse generator and oscilloscope by
themselves show a rise time of 20 nanoseconds, and if when they are used to
measure the rise time of a device the result is 80 nanoseconds, the above relation
gives a rise time of 77.5 nanoseconds for the device itself.

Bear in mind that the formula given above applies only in cases of no overshoot.
Valley and Wallian3 give the following rules for cascaded stages with overshoot:
‘“‘For stages having very small overshoot (1 or 29;) the overshoot grows extremely
slowly or not at all as the number of stages increases. . . . IFor stages having
overshoots of about 5 to 109, the overshoot increases approximately as the square

@, root of the number of stages, and the rise time increases substantially less rapidly
than as the square root.”

10p.cit., p 78.
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CONCLUSIONS o

The low-frequency cutoff can be determined from the measured amount of
droop in the response to a long pulse. The prediction of high-frequency perfor-
mance is a little more complicated because two cases have to be distinguished. In
the overdamped zero-overshoot case (0 <m <0.25) it is difficult to determine m
from an observed pulse waveform. But it is surprising to note that the cutoff-
frequency-rise-time product changes by less than 2 percent over the range m = 0
to m = 0.25. If the modeling procedure is reasonable, the prediction of cutoff
frequency from rise time or vice versa anywhere in the overdamped region is
accurate enough for engineering purposes.

In the underdamped case (m>0.25), the cutoff-frequency-rise-time product
depends upon m. But in this case the amount of overshoot, which one can measure
with fair accuracy, gives a good estimate of m.
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THE 1340 PULSER

Versatility and price make this the "best buy’ of the
general-purpose pulse generators.

When a new instrument improves on
the performance of products already on
the market, it represents progress; when
it offers conveniences that the others
don’t, it is attractive; when at the
same time its price meets or beats the
competition, it makes news. So the GR
1340 Pulse Generator is news. It is a
general-use pulse generator that offers
a total combination of performance and
features that is not surpassed even by
high-priced generators.

0.2 Hz to 20 MHz

Repetition periods from 50 nano-
seconds to 5 seconds will interest users

in fields from high-speed ecircuit testing
to seismological research. A single pulse
for one-shot tests can be triggered
manually  from a front-panel push-
button.

The 1340 also offers eight decades
of pulse-duration times, from 25 nano-
seconds to 2.5 seconds. The maximum
duty ratio that can be attained varies
from 70 to over 95 percent, depending
on the combination of repetition-rate
range and duration-time range that
is in use. In case of an inadvertent set-
ting that exceeds the allowable duty
ratio, a panel lamp flashes to alert the
operator that the output waveform
may not be trustworthy. In any event

11
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there is no risk of a circuit overload if
the duty-ratio limit is exceeded.

The repetition and duration centrels
each combine range switching and con-
tinuous adjustment in single easy-to-
read dials. The repetition dial reads
both prf and period, along with the
correct units.

A convenience feature of the 1340
is the ‘“‘squarewave’ position of the
pulse-duration control. In this setting
the output consists of 509-duty-ratio
pulses, regardless of the prf. Square-
wave testing with the 1340 is thus fast
and simple, since there is no need to re-
set the duration when the prf is
changed.

10-Volt Output, = 1-Volt Offset

Both positive and negative pulses
are available simultaneously at two
low-refiection GR874® coaxial connec-
tors. Each output is a high-impedance
(about 1 k2) current generator with a
current of 200 mA
and a saturation voltage of better than
10 Fifty-ohm resistors are
switched across the outputs when re-
flectionless sources are required. With
the resistors switched in, the 1340 can
deliver 5-volt pulses to a 50-ohm load.

Another 1340 convenience feature 1s
the output offset. Independently ad-
justable bilases ecan be applied to the
two outputs to offset the pulses up to
4+ 1 volt (or = 20 mA). The offset
feature eliminates the need for auxiliary
equipment, for example, to ensure posi-
tive triggering in the presence of noise
or small biases. It is a feature that will
be of particular interest to those con-
cerned with integrated-circuit testing.

maximum source

volts.

The 1340’s synchronizing trigger is ™™

a square wave, rather than the narrow
pulse that is available at most pulse-
generator sync outputs. The square
wave has three principal advantages.
1) Even when the 1340 is being used to
generate long pulses, the sync pulse is
not too short to provide an effective
trigger. 2) The square wave provides a
stable trigger as the prf is changed,
since its dc level does not vary. 3) By
changing the scope’s trigger level, one
can synchronize the scope one-half
period ahead of the pulse.

PPM, PDM, PAM

The period, duration, negative ampli-
tude, and positive amplitude can each
independently be linearly modulated by
externally applied modulating voltages.
Voltages between —0.5 and —35 volts
sweep the period and duration over the
decade ranges selected on the range
switches. Voltages between 0 and +5
volts and 0 and — 5 volts, respectively,
vary the amplitudes of the positive-
and negative-going pulses the
entire 10-volt range.

The 1340 has other modes of elec-
tronic control. A gating input permits
an external switch closure or positive-
going pulse to inhibit the 1340’s peried
generator. Gating the oscillator means
that a pulse that is already underway
is not chopped by the gating signal.
Whether one talks about modulation,
sweeping, or remote programming, the
1340’s electronic-control features mean
greater usefulness.

A description of some of the 1340’s
novel circuitry follows the specifica-
tions.

over

TAAT A= 1081218 L0r2 LRI B2 L0101 L ASI ivi B AL 0101 1 § B


www.americanradiohistory.com

.

PULSE PERIOD (PRF)

Internally Generated: 50 ns to 5 s (20 MHz to
0.2 Hz) in 8 decade ranges. Single-pulse push
button on panel.

Externally Controlled: 1 Hz to 20 MHz; triggers
on any waveform of >3 V pk-pk. Input re-
sistance approx 100 k2. Output pulse is started
by negative-going transition. Period control
acts as input trigger-level control in external
mode.

OUTPUT-PULSE CHARACTERISTICS

Duration: 25 ns to 2.5 s in 8 decade ranges, or
gquare wave.

Rise and Fall Times: 5 ns =2 ns at 5 V, 50-Q
load, and 50~ source resistance.

Amplitude: Positive and negative ground-based
pulses available simultaneously with indepen-
dent amplitude and offset control. Source
current continuously adjustable to at least 0.2
A (i.e., across 50-22 load, 10 V from high source
resistance or 5 V from 50-£ source).

Offset: Continuously adjustable source current
from —20 to +20 mA.

Source Resistance: 50 €2, or high (approx 1 k)
for 50-Q loads.

Distortion: Preshoot, overshoot,
<0.5 V (9% of max output).

ringing, etc,

#™m, Duty Ratio: Duty ratios of over 709, can be

sbtained on all ranges except decreasing to
approx 509 at 50-ns period in 50-to-500C-ns
range.

SYNCHRONIZING PULSE

Waveform: Square wave. Negative transition
precedes start of output pulse by approx 35 ns;
positive transition can be used for half-period
pretriggering.

November-December 1968

SPECIFICATIONS

Amplitude: 2.5-V pk-pk positive square wave
behind 500-2 source impedance.

MODULATION AND GATING

Modulation: Period and duration are linearly
controllable by an external voltage between
—0.5 and —5.0 V. Amplitude of the positive-
pulse output is linearly controllable by an
external voltage of 0 to 45 V, the negative-
pulse output by 0 to —5 V. Period and duration
are modulatable over the decade range set by
range switches; amplitude can be modulated
over its full range. Amplitude modulation can
be used for noncoherent gating of output pulse.

Gating: An impedance of <600 Q to ground
inhibits output; +4 to +8 V allows normal
output; 1340’s can be used to gate 1340’s.
GENERAL

Power Required: 100 to 125 or 200 to 250 V, 50
to 100 Hz, 30 W.

Accessories Supplied: Spare fuses, power cord.

Accessories Available: GR&874® ¢coaxial com-
ponents, attenuators, terminations, tees, etc.

Mounting: Convertible-Bench Cabinet.

Dimensions (width X height X depth): Bench
814 X 53 X 131in. (220 X 145 X 330 mm); rack,
19 X 814 X 1114 in. (485 X 135 X 290 mm).

Weight: Net, 914 1b (1.2 kg); shipping, 13 1b
(6.0 kg).

Catalog Price
Number Description in USA
1340 Pulse Generator
1340-9700 Bench Mount $395.00
1340-9701 Rack Mount 417.00

NOVEL | VOLTAGE-VARIABLE SCHMITT CIRCUIT

Y,

The 1340°s_period generator makes
use of the voltage-variable Schmitt
circuit, shown in Figure 1.

Qr and Q2 are regeneratively con-
nected to form a Schmitt-type multi-
vibrator. The common emitter current
supplied by Rg flows entirely in either
Q1 or Q2 when the circuit is in one of

M its two stable states. Consider the case

vhere Q2 is conducting (on) and Q7
and Q3 are off. Under these conditions

the voltage divider R/, R2, and R3
sets a voltage, EFy, at the base of Q2.
In order to keep QI and Q3 off, their
base voltages must be more negative
than Fy.

Transfer of conduction to Q7 occurs
when the input voltage £ry on the base
of QI 1s raised to a wvalue close to Eu,
at which point Qf comes on enough to
start the turn-off of Q2. Regenerative
transfer of conduction to QI results,

13

www americanradiohistorv com


www.americanradiohistory.com

14

the Q Experimenter

QEs ¢E, +E

Q3

and, with Q7 on, the base of Q2 is
driven more negative than the base
of Q3.

In order to transfer the conduction
back to Q2, Ern 1s now lowered to a
value near Fr. At this point Q3 begins
to draw current, and this reduces the
current in Q7, causing Q2 to begin to
turn on. The regenerative interconnec-
tion of QI and Q2 again causes the
emitter current to shift, this time back
to Q2.

Conduction is therefore shifted back
and forth between Q7 and Q2 by cycling
Frn first up to an upper trigger level
Fy and then down to a lower trigger
evel near FLr. The significant advan-

Figure 1. Simplified schematic dia-
E_ gram of the voltage-variable
-L Schmitt circuit, part of the 1340°'s
= period generator.

13401

tage of this ecircuit over other multi-
vibrators is that the lower trigger level
is controlled in a very simple manner
by an externally supplied voltage F'r.
The lower trigger level is, in fact, almost
exactly equal to EvL.

Two more transistors, Q4 and @5,
turn the voltage-variable Schmitt cir-
cuit into the complete voltage-variable®™™ o
period generator, Figure 2. Q5 is a
constant-current source, supplying a
current / to the timing capacitor C.
Q4 is a switched constant-current
source, supplying no current when off
and 27 when on.

When Q7 is on, both Q2 and Q4 are
off and the current into € is —/; the

o F o

Figure 2. Simplified schematic of
the complete period generator.

Q4 ./
0,21
| EZAVZal
L
<
c 2
Q3
I )l
] 1
. al a2
X o= i
s
S
b
Q5

Voltage control of the period is
achieved by wvarying E{, which
governs the capacitor-volt-

age swing. —.

—m

1320.2
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voltage across C drops linearly with
time. When this voltage reaches Kz, the
voltage-variable Schmitt shifts to the
Q1I1-off, Q2-on state, and Q4 comes on.
The net capacitor current is now <+ /7,
and the capacitor voltage increases
linearly. When the capacitor voltage

™ eaches Fy, the Schmitt shifts states

pack to Q7-on, Q2-off. In this fashion
the capacitor alternately charges and
discharges so that the capacitor voltage
is a triangular wave, and a square
wave is developed at the collector of
Q2.

Voltage control of the period is
effected by varying [z, which controls
the peak-to-peak amplitude of the ca-
pacitor voltage. Since the charging
currents are constant, the period of the
square wave is directly proportional

Eco———j

<
<

WU

INPUT

LF

OUTPUT

R LoaD
= 13404

November-December 1968

Figure 3. The pulse-duration gen-
erator, simplified. The control
voltage E; determines how long
the circuit stays in its
unstable state.

nl}—r_m

1340-3

to the peak-to-peak swing of the capaci-
tor voltage.

The duration generator uses the
voltage-variable Schmitt eireuit in the
monostable configuration shown in
Figure 3. In this circuit Q5 is again a
constant-current generator. In the sta-
ble state, Q2 is on; Q2 holds Q4 on,
and the capacitor voltage is clamped
to ground.
the base of Q2 is slightly above ground
when it is on; thus the ('apzwitczr vol-

In monostable operation,

tage, which cannot go positive, does
not turn Q2 off. A negative trigger,
applied to the collector of Q7, turns off
Q2, and Q4 turns off with Q2. The
constant-current source now charges C,
and the capacitor voltage starts a

negative climb. When it reaches E'r, the

Figure 4. Simplified diagram of the

positive-pulse output circuit. The two

stages following QJ are nonsaturat-

ing, so that E. controls the amplitude
of the output pulse.

www americanradiohistorv com
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circuit reverts to the stable QI-off,
Q2-on state. The duration of the output
pulse is determined by the amplitude
of the voltage change on the timing ca-
pacitor and therefore is linearly pre-
portional to the control voltage £..

The output circuit for the positive
pulse is shown in Figure 4.

The first transistor Q1 is normally
saturated and is turned off by the input
pulse. The amplitude of the pulse at
the collector of Q7 is changed by ad-
justing the supply voltage F£. of this
stage. Q2 is a nonsaturating amplifier
that provides current gain to drive the
output stage. The cascode (grounded-

Experimenter

emitter driving grounded-base) outpute"
stage is also nonsaturating and has a
very fast rise time. In order to handle
the high output current and yvet main-
tain high switching speed, @3 and QJ
are each a pair of parallel transistors.
All the amplifier stages following Q17 are
nonsaturating so that the output ampli-
tude is proportional to the control
voltage F.. This allows voltage control
of the pulse amplitude.

The negative-pulse amplifier circuit
is the same as the positive amplifier
except that negative supply voltages
and complementary transistor types are
used. — J. K. Skilling

DECADE RESISTOR
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IMPROVED DECADE RESISTORS
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The GR line of precision decade resistors has a new look, better performance “under the hood,”
and a new type number.

16

General Radio decade resistors have
been constantly improved since they
were first introduced 1n 1917. Often
these changes occurred as new tech-
niques permitted, unheralded by out-
ward appearance changes or new type-
number designations. A review of pub-
lished specifications, however, would

reveal the steady improvements that
have taken place. Most recently, both
appearance and performance have got-
ten better, in recognition of which the
precision 1432 line has been renamedA
the 1433.
by this new number include:

Improvements representec
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In-line digital readout; reading errors
are far less likely.

Models with from four to seven dials
give required resolution.

All models rack mountable.

Better accuracy, +£0.029, twe-year
accuracy for high values.

“QOver-all” as well as ‘‘incremental’”’
accuracy specifications now given.

Better ac performance at high re-
sistances, owing to reduced stray capaci-
tance.

Rear-panel terminals for system in-
stallation.

“"Over-all" accuracy versus
“incremental’” accuracy

Historically, GR has specified the
accuracy of each separate resistor in
a decade box rather than that of the
total resistance. This practice has re-
flected the fact that each resistor is
individually adjusted. We called this
specification ‘‘accuracy of resistance
increment’’ because the difference in
value between any two positions of
the same switch has the same accuracy
as a resistor on that switch. Knowledge
of the incremental accuracy is needed
in many uses, and we are not abandon-
ing it; but more often the absolute
accuracy of any given setting of the

box — the ““over-all’’ accuracy is de-
sired.
If all the resistors in a box had

the same accuracy specification, any
combination of them would have this
same specification. Lower-value re-
sistors, however, cannot be adjusted
as easily and generally are not as
stable as higher-value resistors. So our
over-all specification has two terms:

— == (0.02(;() + 2 IHQ).

A single over-all specification is in-
tended to apply to any and all possible

November-December 1968

settings of the decade box, but there
are obviously just too many to permit
testing every one. Instead, we adjust
the lower-value units to much tighter
tolerances than the published & 2 mQ,
and test the assembled boxes at care-
fully selected values with limits sub-
stantially closer than the catalog spe-
cifications. To substantiate the validity
of this method, 300 boxes were *‘made”’
on a computer under the assumption of
a very poor tolerance distribution.
These were first computer *“‘tested’”’
against our laboratory specifications
and then computer ‘“measured’’ at
every setting. No box that passed the
simulated laboratory test was in error
by more than 9/10 of the catalog
specification at any setting.

Such testing, whether real or simu-
lated, checks only the initial tolerance
of the decade box. Confidence in the
two-year accuracy of GR 1433’s is
assured by stability records of the re-
sistors and by the use of exceptionally
good switches.

Switches

Decade-box accuracy depends on the
resistors and on the switches. In the
over-all specification, switch resistance
plays a particularly important part.
Commercial rotary switches with solid-
silver contacts, such as we use in many
instruments, can vary 1 milliohm or
more in contact resistance. Obviously,
a five-decade box can display a wvari-
ation of 5 milliohms or more, which
would have to be accounted for in
the specification. The GR-designed and
manufactured switches in our Type
11433 decade boxes have a low and very
repeatable contact resistance. Critical
contacts (on lower decades and zero
settings) use multiple-leaf wipers

17
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the Experimenter

The use of multi-leaf wipers on silver-overlaid
studs assures a contact resistance that varies by
less than 100 microhms.

against silver-overlaid studs (see photo).
As a result, contact resistance changes
by no more than 100 microhms and
hence has but slight effect upon the
specification. Our less expensive line,
the 1434, uses commercial switches with
double contacts to give a &+ 0.059, + 5
mQ over-all specification.

Resistors

For added dimensional stability, the
1-ohm through 10-kilobhm wunits are
now wound on ceramic rather than
fiber-glass or mica cards before.
While the 100-kilohm units are un-
changed, the 1-megohm units are now
wound on bobbins.

For years, we’ve held that flat,
single-layer card resistors are far su-
perior to multi-layer bobbin types, as
the latter have much higher inductance
and shunt capacitance that degrade
their performance in ac operation. In-
deed, we still feel this is true, but only
for single resistors. When I-megohm
cards are wired together in a decade

.

as

box, the capacitances between cards _.m,

and from the cards to the box become
the main cause of reduced ac perfor-
mance. These capacitances are lower
when bobbins are used, and the ac
performance is better in spite of the
higher individual shunt capacitance.
We have now swallowed our pride and
learned to wind precision bobbin re-
sistors, for, besides being better for
decade boxes, they’re a lot less costly
to make and actually permit lower
prices on some decades.

Separate Decades

The improved accuracy of the 1433’s
1s available in the individual Type 510
Decades, which are sold separately.
These units are ideal for assembly into
production-test instruments, bridges,
and other experimental or permanent
equipment where only one or two
decades are needed. The 510’s are com-
pletely shielded, both mechanically and
electrically, by an aluminum housing,
and a knob and dial plate are supplied
with each unit.

Decade resistors are difficult to
specify adequately, but it is our in-
tention to describe the 1433’s perfor-
mance in the specifications below as
completely and truthfully as possible.
A discussion of some of the terms we
use and why we use them is given in
the October, 1965 Experimenter, and
further information on ac performance
is given In the instruction sheet.

— IL. P.

A brief biography of Mr. Hall appeared in
the June, 1966 Erperimenter.

HaLL
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Long-Term Accuracy: Our two-year warranty
applies to the tolerances given below unless the
resistor is damaged by excessive current, These
tolerances apply for low-current measurement
at de or low-frequency ac (see below).

Over-all Accuracy: The resistance difference
between that at any setting and at the zero
setting is equal to the indicated value +=(0.02%
+ 2 mQ).

Incremental Accuracy: See table. This is the ace-
curacy of the change in resistance between any
two settings on the same dial.

Max Current: The max current for each decade
is given in the table below and also appears on
the panel of each decade box and on the dial
plate of each decade resistance unit.

Frequency Characteristic: The accompanying plot
shows the max percentage change in effective
series resistance, as a function of frequency for
the individual decade units. For low-resistance
decades the error is due almost entirely to skin
effect and is independent of switeh setting,
while for the high-resistance units the error
is due almost entirely to the shunt capacitance
and its losses and is approx proportional to the
square of the resistance setting.

The high-resistance decades (510-E, -F, -3,

-H) are very commonly used as parallel
in resonant circuits, in
which the shunt capacitance of the decades be-
comes part of the tuning capacitance. The
parallel resistance changes by only a fraction
(between a tenth and a hundredth) of the
series-resistance change, depending on fre-
quency and the insulating material in the
switch.

Characteristics of the 1433’s are similar to
those of the individual 510’s modified by the
increased series inductance, L,, and shunt
capacitance, ', due to the wiring and the
presence of more than one decade in the as-
sembly. At total resistance settings of approx
1000 ohms or less, the frequency characteristics

November-December 1968

SPECIFICATIONS

of any of these decade resistors are substan-
tially the same as those shown for the 510s.
At higher settings, shunt capacitance becomes
the controlling factor, and the eTective value
of this capacitance depends upon the settings
of the individual decades.

Typical Values of R,, L,, and C for the Decade
Resistors:

Ro Lo

Equivalent circui! of a resistance decade, showing
location and nature of residual impedances.

Zero Resistance (R)): 0.001 © per dial at dec;
0.0 1 2 per dial at | MHz; proportional to square
root of frequency at all frequencies above 100
kHz.

Zero Inductance (L,): 0.1 uH per dial 4+ 0.2
uH.

Effective Shun! Capacitance (C): This value is
determined largely by the highest decade in
use. With the low terminal connected to the
shield, a value of 15 to 10 pF per decade may
be assumed, counting decades down from the
highest. Thus, if the third decade from the top
is the highest resistance decade in circuit (i.e.,
not set at zero), the shunting terminal capaci-
tance is 45 to 30 pI. If the higheat decade in
the assembly is in use, the effective capacitance
is 15 to 10 pF, regardless of the settings of the
lower-resistance decades.

10 =
B I STEPS
AA 0.011 STEPS / |
|
.Y — - —J
(n 0.10 STEPS
21 B
| c 100 STEPS
s O 4\ -0 000 STEPS
e p——— — =
. \"\ K [
s .\\\‘ A — . ‘llﬂ i
4‘ \ \ : \ 2ua
sT—— : ——
\ """ i ”"""ls* o Fo==X" T
2 AIMD. 500 kL 200k OOKLL  SOkA 200 o0 l
. = I | i _ L
TkHZ 2 5 10 kHz 20 50 1OOkHz 200 500 IMHz 2 5 10MHZ
FREQUENCY 1011
Maximum percentage change in series resistance as a function of frequency for Type 510

Decade-Resistance Units.
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SPECIFICATIONS (continued)

P
Temperature Coefficient of Resistance: L.ess than good wiping action. A ball-on-cam detent is
410 ppm per degree C for values above 100 providedl.) There are eleven contact points (0
Qand < +£20 ppm per degree C for 100 € and  to 10 inclusive). The switch resistance is less
below, at room temperatures. For the 1433’s than 0.0005 Q. The effective capacitance is of
the box wiring will increase the over-all tem- the order of 5 pF, with a dissipation factor of
perature coefhicient of the 0.1- and 0.01-2 0.06 at 1 kHz for the standard cellulose-filled
decades. molded phenoliec switch form and 0.01 on the
Switches: Quadruple-leaf brushes bear on lubri- mica-filled phenolic form used in the 510-G and
cated contact studs of 34-in. diameter in such  510-H units.
a manner as to avoid cutting but yet give a  Max Voltage to Case: 2000 V pk.
Type 1433 Decade Resistors
N Ohms e fm . T
- Gatalog ‘\% per No. of | Type 610 Decades —Prz_ce i U8A :
Bench Rack Type Total Ohmns Step Dials Used Bench Rack
1433-9700 1433-9701 1433-U 111 0.01 4 AA, A B, C $120.00 | $128.00
1433-9702 1433-9703 1433-K 1111 0.1 4 A,B,C D 122.00 130.00
1433-9704 1433-9705 | 1433-J 11,110 1 4 B, C, D,E 125.00 133.00
1433-9706 1433-9707 | 1433-L 111,100 10 4 CRDE, IF 120.00 128.00
1433-9708 1433-9709 | 1433-Q 1,111,000 100 4 D,E F, G 154.00 162.00
1433-9710 1433-9711 1433-T 1111 0.01 5 AA, A, B, C, D 146.50 154.50
1433-9712 1433-9713 | 1433-N 11,111 0.1 5 A, B, C'D E 144.00 152.00
1433-9714 1433-9715 | 1433-M 111,110 1 S5 BhG; D; E, F 147.50 155.50
1433-9716 1433-9717 | 1433-.°P 1,111,100 10 5 GCuD, Esuf., G 182.50 190.50
1433-9718 | 1433-9719 | 1433-Y 11,111,000 100 5 DJIE |E, G; H 247.50 | 255
1433-9720 1433-9721 1433-W 181500 %l 0.01 6 AA, A,B,C, D, E 168.50 176.50
1433-9722 1433-9723 | 1433-X 11,111 0.1 6 AHBY ICHD), “E, F 166.50 174.50
1433-9724 1433-9725 | 1433-B 1,111,110 1 6 B,C,DEFG 210.00 218.00
1433-9726 1433-9728 | 1433-2 11,111,100 10 6 C,D, E F, G, H 276.00 284.00
1433-9729 1433-9730 | 1433-F 1ML, 0.01 7 AA, A B, C,D,E F 191.00 199.00
1433-9731 | 1433.9732 | 1433-G FRLALY 0.1 7 A B,C, D,EF G 229.00 | 237.00
1433-9733 1433-9734 ' 1433-H 11,111,110 1 7 BME 8D, E F, G, H 303.50 311.50
Type 510 Decade-Resistance Units
Total Resistance | Accuracy of Mazx Power
Catalog Resistance | Per Step | Resistance | Current | Per Step| AL e I Price
Number Type Ohms (AR)Ohms | Increments |40° C Risel Watts | ufl Y ulf | inUSA
0510-9806| 510-A A 0.1 0.01 +2% 4 A 0.16 0.01 7.7-4.5| 0.023| $23.00
0510-9701| 510-A 1 0.1 +0.4%, 1.6 A 0.25 0.014] 7.7-4.5| 0.023 17.50
0510-9702| 510-8 10 1 +0.1% 800 mA 0.6 0.056]| 7.7-4.5| 0.023 26.00
0510-9703| 510-C 100 10 +0.04%, 250 mA 0.6 0.11 7.7-4.5| 0.923 27.00
0510-9704| 510-D 1000 100 +0.02% B0 mA 0.6 0.29 | 7.7-4.5| 0.023 25.00
0510-9705| 510-E 10,000 1000 +0.02% 23 mA 0.5 13 7.7-4.5| 0.023 20.50
0510-9706| 510-F 100,000 10,000 +0.02% 7 mA 0.5 70 7.7-4.5| 0.023 21.00
0510-9707| 510-G 1,000,000 100,000 +0.02% 2.3 mA 0.5 —_ 7.7-4.5| 0.023 61.00
0510-9708| 510-H 10,000,000 '1,000,000 +0.02% 0.7*mA 0.5 — 7.5-4.5' 0.023 92.00
0510-9604| 510-P4 Switch only (Black Phenolic Frame) 11.00
0510-9511' 510-P4L Switchonly (Low-Loss Phenolic Frame) 12.00

L A
* Or a max of 4000 V, pk.
** The larger capacitance occurs at the highest setting of the decade. The values given are for units without the shield can:
place. With the ghield cans in lx_:lace. the shunt capacitance is from Q to 20 pF greater than indicated here, depending on whether
the ghield is tied to the switch or to the zero end of the decade.
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The 1218-BV lockable microwave oscillator.

P

POPULAR UHF OSCILLATOR NOW LOCKABLE
900 to 2000 MHz

The GR 1218 Oscillator has long
been valued in many laboratories for
its high output power and its spectral
purity. Now, the 1218-BV lockable
model means that frequency stability
too can be achieved by use of a feedback
control loop and reference-frequency
source.

The oscillator can be phase locked
to a stable reference of the same fre-
quency or to a harmonic of the refer-
ence signal. Absolute stability of the
1218-BV may be less important than
the stability of a difference frequency.
In heterodyne systems the 1218-BYV,
used as the local oscillator, can track

~~small changes in the test frequency.

a this way the intermediate frequency
is held within the detector passband.

A dc control voltage of 25 volts will
result in a frequency change typically
greater than F+2 MHz. Step-response
time is typically under 1 microsecond.
As in the 1218-A, output power into
50 ohms is at least 160 mW up to 1.5
GHz, dropping linearly to at least
110 mW at 2 GHz, and, in all other
respects as well, performance of the
1218-BV is the same as its predecessor.

The 1218-BV can be used with any
of three GR power supplies: 1264-B
Modulating Power Supply, 1263-C Am-
plitude-Regulating PPower Supply, or
1267-B Regulated Power Supply. The
oscillator is available separately or in
combination with any of the above
power supplies for bench or relay-rack
mounting.

wWww.americanradiohistorv.com
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1218-BV power output info 50 ohms.

SPECIFICATIONS

Frequency Range: 900 to 2000 M Hz.

Frequency Calibration Accuracy: =+19.

Warmup Frequency Drift: 0.197 total drift, typi-

cal.

Frequency Control: A {-in. dial ealibrated in

MHz over 290° (10!3-in. scale length); also

800-division logging scale. Slow motion drive

of about 8 turns.

AF Control (Internal): > +2 MHz by 74 turn
of front-panel knob.
Power-lLevel Pulling (by A control): < +0.5
dB for = 2-NMHz AF.

AF Control {Remote): By de¢ voltage applied at
front or rear jacks.
Frequency: > 4 MIz total range for 50-V
change.
Voltage: Typical useful range =+ 25 V; AF
control sets center value from +10 to —20
V. Positive-going voltage causes frequency
decrease. Applied voltage =50 V max.
Interfaca Characteristic: Equivalent to 10 k€,
150 plF, and —1.3 mA current source in
parallel across terminals, one of which is
grounded. kExt source should have < 1000 @
int impedance; may be ac coupled.
Step-Response Time: < 1 us, typical.

Output Power (into 50 §2): > 160 mW, 0.9 to 1.5

GHz; drops linearly to > 110 mW at 2.0 GHz.

Outputl Connector: Locking GR874® connector

at rear panel. Adaptors available to other

connector types.

Level Control: Full output to at least 20-dB at-

Modulation: AM 1NPUT jack at front panel
for external audio-frequency plate modulation:
approx 30 V rms into 6 kQ required for 30%
amplitude modulation. GR 1311 Audio Os-
cillator recommended as modulator.

Power Supply: Choice of three regulated power
supplies. Oscillator is available separately or in
combination with any power supply for rack or
bench mounting.

The GR 1267-B Regulated Power Supply is
suitable for ew operation.

The GR 1263-C Amplitude-Regulating Power
Supi)ly automatically holds the output at se” \
level up to 2 V behind 50 @, ew or 1-kHz-square
wave modulated.

The GR 1264-B Modulating Power Supply
provides full power ew or modulated operation
from internal 1-kHz square-wave or external
pulse up to 100 kHz.

Mounting: Unit cabinet can be mounted with
a power supply in single bench assembly or
can be rack mounted alone or with power supply
by use of appropriate rack adaptor.

Accessories Supplied: 2- and 3-contact phone
plugs for modulation and frequency-control
inputs.

Accessories Available: (GR874® coaxial elements
and adaptors.

Dimensions (width X height X depth): Bench,
12 x 734 x 9 in. (305 x 195 x 230 mm); rack
(with 1267 power supply), 19 x 71{ in. (485
x 180 x 185 mm), 1263 or 1264 power supply
adds 7 in. to rack height.

tenuation set by uncalibrated front-panel  Weight (less power supply): Net, 14 1b (6.5 kg);
control. shipping, 25 Ib (11.5 kg).
Catalog Price
Number Desceription tn USA
1218-9724 1218-BV Lockable Oscillator $825.00
Bench Rack Oscilla'or/?ower-Supply Combinations Bench Rack o™,
1218-9901 | 1218-9902 | 1218-BV with 1263-C Amplitude-Regulating Power Supply| $1375.00 | $1404.00
1218-9903 | 1218-9904 | 1218-BV with 1264-B Modulating Power Supply 1240.00 1269.00
1218-9905| 1218-9906 | 1218-BV with 1267-B Regulated Power Supply 1020.00 1046.00
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WBMT3IVM
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NEW MEMBERS OF THE VARIAC®
FAMILY OF ADJUSTABLE AUTOTRANSFORMERS

The WS8MT3 and its metered com-
panion, the WS8MT3VM, provide the
most volt-amperes per dollar of any

Variac® model, many convenience fea-
tures, plus the new General Radio

“light look.”

The WSMT3 and WS8MT3VM are
cased units that include a power cord
and plug, an on-off switch that switches
both sides of the input line, a dual
receptacle for connection of a multiple
load, a manual-reset overload protector,
and a carrying handle. The W8 MT3VM
has a 0-to-150-volt meter that indicates
output voltage of the Variac.

A three-wire power cord ties the
ground (third) prong on the power plug
to the ground-prong receptacle on the
load outlet and to the case.

These portable W8-type autotrans-
formers are designed for use at a mini-
mum line frequency of 50 Hz for the
stated 120-volt input. They can be
operated at up to 400 Hz.

= DBecause of the Duratrak® precious-

metal contact surface, these Variac
autotransformers can tolerate large

momentary overloads without damage
and comfortable margin-of-
safety in normal operation at rated
loads.
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WB8MT3IVM circuit. The WBMT3 is the same éxcept?
that it has no meter.

SPECIFICATIONS

INPUT

Voltage: 120 V.

Frequency: 50 to 60 Hz.

OUTPUT

Voltage: O to 140 V.

Rated Current: 10 A: equivalent to 1400 W at
max output voltage.

Meter (in WEMT3VM only): 0 to 150 V.
No-load Loss: 12 \W at 60 Hz.

Driving Torque: 10 to 20 ounce-inches.
Replacement Brush: T'yPrE VB 2.

kWe)igh': Net, 10 Ib (4.6 kg); shipping, 20 1b (9.5
:Z).

Catalog Price
Number Description in USA
3038-5119 WB8MT3 Variac® auto-
transformer $38.00
3038-5015 WBMT3VM Variac®
autotransformer (mefered‘ 68.50
3200-5900 | VB2 Replacement Brush 1.00
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GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS 01781
617 369-4400

SALES AND SERVICE

Area

Albuquerque

Telephone

505 255-0611

Atlanta 404 633-6183
*Boston 617 646-0550
Bridgeport 203 377-0165
*Chicago 312 992-0800
Cleveland 216 886-0150
Cocoa Beach 800 241-5122
*Dailas 214 ME7-2240
Dayton 513 434-6979
Denver 303 447-9225
Detroit 313 261-1750
Houston 713 622-7007
Huntsville 800 241-5122

Indtanapolis
*Los Angeles
Montreal
New Haven

317 636-3907
213 469-6201
514 737-3673
203 377-0165

*New York (NY) 212 964-2722

(NJ) 201 943-3140
Ottawa 613 233-4237
Philadelphia 215 646-8030
San Diego 714 232-2727

San Francisco

Seattle

Syracuse
*Toronto

*Washington/Baltimore

415 948-8233
206 GL4-7545
315 454-9323
416 247-2171
301 946-1600

*Repair services are available at these offices.

GENERAL RADIO COMPANY (OVERSEAS)

CH BO34 Zurich 34, Switzeriand

GENERAL RADIO GMBH
D8 Miinchen 80, West Germany

GENERAL RADIO COMPANY (U.K.) LIMITED

Bourne End Buckinghamshire, England

REPRESENTATIVES IN PRINCIFPAL
OVERSEAS COUNTRIES
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