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Figure 1. General Radio’s three new
Variac® Avutomatic Voltage Regula-
tors: (above) Type 1581-A, a 6-kVA
unit, shown for bench mounting; (right,
top) its militarized counterpart, Type
1571-A; and (right, bottom) a 10-kVA
commercial unit, Type 1582-A, shown
without cabinet, for rack mounting.

IN THIS ISSUE
A New Series of High-Performance Line-Voltage Regulators........couvvee. 3
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A NEW SERIES OF HIGH-PERFORMANCE
LINE-VOLTAGE REGULATORS

GR's Type 1570 series of auto-
matic line-voltage regulators has
won wide acceptance since its intro-
duction 11 years ago. Now a new
series, including 26 different models,
makes its debut. Major improve-
ments in the new regulators: all-
solid-state design, faster response,
wider line-voltage ranges, increased
power-handling capacity, and avail-
ability of all models in 400-cycle
versions.

Regulated voltage is a necessity wher-
ever voltage-sensitive elements are pres-
ent — for instance, in many laboratory
calibrations and measurements, indus-
trial processes, and test programs. For
such applications, as well as for more
routine work in places where line-volt-
age regulation is poor, the automatic
line-voltage regulator is indispensable.
By regulation of the ac line, a number of
critical load voltages — ac or de — can
be controlled with a single instrument.

CONSIDERATIONS IN VOLTAGE
REGULATION

Three fundamental characteristics of
ac line voltage are its frequency, magni-
tude, and waveform. Most commercial
power systems hold line frequency
within very close tolerance, and fre-
quency instability is seldom a serious
problem. Magnitude is the most critical
parameter of line voltage, the one most
generally subject to deviation, and the
raison d’étre for the line-voltage regula-

tor. Although the primary function of
the regulator is to stabilize the magni-
tude of the voltage, it is desirable that
it do this without distorting the wave-
form.

An obvious measure of the perform-
ance of a line-voltage regulator is the
accuracy with which it holds the magni-
tude of the output voltage to the nom-
inal value. Accuracy can be specified
as a long-term figure, if we disregard
brief voltage fluctuations that exceed
the regulator’s response capability and
thus pass from input to output undimin-
ished. The ability of a regulator to react
to very brief fluctuations is related to
its response speed, another important
measure of a regulator’s performance.

Magnitude of an ac voltage requires
further definition as peak, average, or
root-mean-square, and the line-voltage
regulator must choose one of these val-
ues to hold constant. Most regulators
stabilize the rms or average magnitude,
because these are the values most loads
respond fo.

What the regulator does to the wave-
form of the voltage it regulates is sig-
nificant wherever the regulator and the
load respond to different values of volt-
age magnitude (as, for instance, where
an rms regulator is regulating voltage
into a peak-responding device).

Another possible source of trouble is
the power factor of the load. Specifica-
tions for many regulators assume a re-
sistive load (power factor = 1.0), and
departures from this eondition can cause
these regulators to shift output voltage
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by an amount well in excess of the
stated accuracy.

Accuracy, response speed, introduced
distortion, vulnerability to load power-
factor — these, plus the practical fac-
tors of cost, reliability, and size, are the
chief factors in the selection of a regu-
lator.

TYPES OF LINE-VOLTAGE REGULATORS

There are three principal types of
line-voltage regulators: electronic, mag-
netic, and electromechanical (servo).
All operate by sensing the output volt-
age and adding voltage to, or subtract-
ing it from, the input to restore the out-
put to its nominal value.

The Electronic Regulator

The electronic (amplifier-type) regu-
lator approaches the ultimate in ac-
voltage-regulation devices. The regu-
lated output voltage is continuously
compared with a pure-sine-wave refer-
ence, and any errors are electronically
removed. Such a regulator can actually
remove distortion on the incoming line
and can reduce, if not completely elimi-
nate, transients on the regulated output
voltage. Disadvantages are a sensitivity
to line frequency and load power factor,
modest power-handling capacities, and
high cost per kVA.

The Magnetic Regulator

The several types of magnetic regu-
lators are characterized by moderate
correction speed, good to excellent re-
liability, a tendency to introduce dis-
tortion in the voltage waveform, and
sensitivity to load eurrent, power factor,
and line frequency. Magnetic regulators
also are usually quite heavy.

One type of magnetic regulator —

the ferroresonant — is completely pas-
sive and boasts the highest reliability
and the lowest cost. It is inherently
short-circuit-proof, which adds to its
reliability but which also severely lim-
its its ability to handle large starting
currents. Its output voltage level is
factory set and cannot be changed.

Another type, the saturable-reactor
regulator, uses an electronic feedback
loop to achieve higher performance
than the ferroresonant type. Harmonic
filters are often included to reduce the
congiderable distortion introduced by
the regulator.

A third type of magnetic regulator
uses silicon-controlled rectifiers in an
electronic switching scheme. Unlike
other magnetic types, the scr regula-
tor operates satisfactorily with load
power factors from 1.0 to 0 lagging, al-
though its performance is not specified
for leading power factors. The distor-
tion introduced by this type of regula-
tor characteristically exhibits itself as
a large change in the peak value of the
output voltage, which may persist in-
dependently of the regulator’s normal
rms- or average-correcting action.

Electromechanical Regulators

The electromechanical line-voltage
regulator combines the power-handling
capabilities of a motor-driven variable
autotransformer with the fast response
and accuracy of an electronic feedback
loop. This type of regulator introduces
no distortion, is totally unaffected by
changes in load power factor from 0
leading to 0 lagging, and is insensitive
to load current. With proper design, it
can hold output voltage constant in the
face of wide swings of line frequency, a
factor important in the regulation of
voltage from unstable sources, such as
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emergency generators. On a kVA-per-
pound basis, it is the lightest of all
automatic voltage regulators. It is well
suited for applications involving heavy
starting currents and can safely with-

THE NEW
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stand transient overloads of up to 10
times the rated output current. Electro-
mechanical regulators are practical over
a wide range of power ratings, from one
to hundreds of kVA.

VARIAC® AUTOMATIC VOLTAGE REGULATORS

General Radio has developed an en-
tirely new line of electromechanical
regulators, consisting of 26 electrically
different models, with militarized ver-
sions and several mounting options
running the total to 114. Of the 26
electrically different models, 13 are for
60-cycle operation and the other 13 are
designed to regulate 400-cycle voltage
(with no 60-cycle power required). Each
group of 13 regulators includes four 115-
volt units, six 230-volt units, and three
460-volt units, covering an over-all
range of power-handling capacity from
2 to 20 kVA.

These regulators can also be used in
combination on three-phase systems.

Principles of Operation

The diagram of Figure 2 shows how
these line-voltage regulators work. A

voltage deviation at the output acti-
vates a servo feedback loop, consisting
of a control unit, a two-phase motor, a
Variac® autotransformer, and a step-
down buck-boost transformer. The
deviation is thus translated into a
correction voltage that is added to or
subtracted from the input to restore the
regulated voltage to its correct value.

Control Unit

The solid-state control unit converts
any small deviation in output voltage
into a proportional electrical signal to
drive the motor. The deviation is first
sensed by an rms detector, whose de
output, after filtering, is compared with
a constant 9-volt reference derived
from a Zener diode. The resultant dif-
ference voltage is chopped into an ac
error signal whose magnitude is propor-

BUCK-BOOST
TRANSFORMER
O— s O
UNREGULATED REGULATED
INPUT OUTPUT
5
| b —————— T ety S
DETECTOR

2-PHASE
MOTOR

VARIAC®
AUTOTRANSFORMER

Figure 2.

AMPLIFIER FILTER

bc
CONTROL UNIT

An elementary diagram of General Radio’s electromechanical regulator.
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tional to the output voltage deviation
and whose phase is determined by the
direction of this deviation. A solid-
state amplifier converts the small ac
error signal into the large ac voltage
required by the motor.

An important feature of the General
Radio regulator —and one that dis-
tinguishes it from most other electro-
mechanical units —is the completely
proportional control system. That is,
the control unit continuously feeds a
proportional correcting voltage to the
motor. This technique helps give these
regulators greater accuracy and higher
response speed than are possible with
a simple on-off motor control.

Motor and Transformer Circuits

The ac error signal from the control
unit drives a two-phase servo motor,
with the phase and magnitude deter-
mining the direction of rotation and the
speed of the motor, respectively. The
motor used in all models is built to the
rigid specifications demanded for the
militarized units (for instance, the
stator is epoxy encapsulated). The low-
inertia rotor contributes importantly to
the excellent response and accuracy of
the regulator.

The motor drives a Varrac® auto-
transformer through a heavy-duty,
instrument-type gear train. The auto-

Figure 3. Rear view of a
regulator with dust cover
removed and etched board
swung out for access fo
components and wiring.

transformer is positioned either side of
a center tap (depending on the sense of
the correction) by an amount propor-
tional to the output-voltage deviation.
All autotransformers are ball-bearing
models with take-off brushes that are
designed for the unusual demands im-
posed by regulator service.

The autotransformer output voltage
is stepped down by a buck-boost trans-
former. Thus the full adjustment range
of the autotransformer can be used to
produce the relatively narrow range of
correction voltage, and the current
rating of the autotransformer is effec-
tively multiplied. The phase of the
voltage applied to the buck-boost trans-
former depends on the position of the
autotransformer brush with respect to
the center tap and determines whether
this correcting voltage is added to or
subtracted from the line voltage.

Remote Operation

All regulators can be easily con-
nected for remote sensing, detection, or
programming. Remote sensing at the
load corrects for the voltage drop on
the line between the regulator and the
load. Remote detection permits use of
an external detector to regulate de
voltage or a characteristic of ac voltage
other than rms. For remote program-
ming, the regulated output voltage
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level can be adjusted by an external
variable resistance.

Physical Characteristics

All regulators are single, self-con-
tained units seven inches high and 19
inches wide. The commercial models
are available for bench, rack, or wall
mounting. (A fourth option allows the
customer to buy a rack model without
cabinet, at a saving in cost.)

Militarized models are designed to
meet or exceed the general require-
ments of specifications MIL-E-4158B
and MIL-E-16400C. They are con-
structed on seven-inch U-shaped ex-
truded aluminum channel to meet
military shock and vibration require-
ments and are supplied for relay-rack
installation.

The mechanical design, based on a
modular approach, provides easy access
to all components. Removal of six
screws permits the dust cover to be
removed and the etched board to be
swung out (see Figure 3), exposing
every wiring connection and component.

The two screwdriver adjustments
(gain and output voltage), the manual-
automatic control switch, and the con-
trol-unit fuses are all accessible at the
front panel. Also on the front panel is a
dial that indicates the percent differ-
ence between input and output volt-
ages. This dial also permits manual
voltage adjustment when the front-

T
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C. E. Miller received
his Bachelor of Engineer-
ing degree from Yale in
1960. He then joined the
General Radio Engineer-
ing Staff as a Develop-
ment Engineer in the
Industrial Group, where
he has been concerned
with the design of auto-
matic voltage regulators
and stroboscopie equip-

ment.

panel switch is thrown to MANUAL.
There are no internal operating controls
or adjustments.

Performance

The introduction of General Radio’s
new automatic line-voltage regulators
establishes the electromechanical regu-
lator as comparable in performance to
magnetic types, but lower in cost.

Accuracy and response speed are the
best available in electromechanical
regulators. Accuracy is 0.25 or 0.5 per-
cent, depending on model, and is inde-
pendent of load current, power factor,
and frequency and voltage changes in
the line. Response speed is 20 to 160
volts per second, depending on model,
and is comparable to the speed of mag-
netic regulators of equivalent ratings.
Figure 4 shows the actual performance
of regulators responding to step changes
in line voltage.

No waveform distortion is introduced
by these regulators, and transient over-

Figure 4. Oscillograms showing response of two of the new regulators to a 2% step change in line
voltage. Left, the unregulated input; center, the response of a 6-kVA model; right, the response of a
10-kVA model.
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loads up to 10 times the nominal ratings
can be handled safely.

The 114 variations of GR’s new fam-
ily of regulators span wide ranges of
voltage, correction range, frequency,
and power rating, with several mount-
ing options. The use of modular con-
struction and interchangeable parts,
moreover, suggests a further prolifera-
tion to meet special customer require-
ments.

— C. E. MILLER
Acknowledgment

The author wishes to acknowledge the work
of M. J. Fitzmorris, who was associated with the
development of these regulators in the early
stages of the project.

COMMERCIAL MODELS

Regulators are available in the following ranges
for either 400-cycle or 60-cycle service. By means of
a change in connections, 60-cycle models can cover the
range of 50 to 60 c/s, with only a slight reduction in

correction range. Both Type 1581-A and Type 1582-A
can be supplied for bench, wall, or rack mounting,. or
without cabinet.

TYPE 1581-A

OQutput| Correction Accuracy (% of
Volts*| Range % | kVA | output voltage)
115 90to 110 5.8 0.25

115 82 to 124 2.9 0.5

230 95 to 105 9.2 0.25

230 90to 110 4.6 0.25

230 82 to 124 2.3 0.5

* Adjustable, = 10%.
PRICES: from $495 to $575.

TYPE 1582-A is available in the same ranges of
operation but has approximately twice the kVA rating.
Additional models, connected for 460-volt service, have
kVA ratings approximately % those for 230-volt
service.

PRICES: from $555 to $635.

MILITARIZED MODELS

TYPE 157 1-A is a militarized version of the Type
1581-A. It is designed to meet the requirements of
MIL-E-4158B and MIL-E-16400C.

PRICES: $650 for 60-cycle service
$695 for 400-cycle service

For Complete Listings with Specifications, Consulf General Radio Cafalog §,
pages 223 to 226, or Call or Write Your Nearest GR Sales Office.
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INPUT

NOISE

ITS INFLUENCE ON

COUNTER AND PULSE-GENERATOR PERFORMANCE

The significance of input noise in
counters, pulse generators, and
other broadband switching circuits
and a method for its measurement
are the subjects of the first of three
short articles featured this month.
The second and third articles de-
scribe a new pulse generator and
amplifier, both designed for gen-
eral-purpose laboratory applica-
tions.

In an externally driven pulse genera-
tor, noise introduced in the input cireuit
determines the amount of jitter in the
output pulse; in a frequency counter,
the input-circuit noise affects the accu-
racy of the instrument, particularly in
low-frequency period measurements.
Clearly, a knowledge of the input-noise
characteristics of such instruments is
essential to an understanding of their
accuracy specifications.

Techniques for measuring input noise
were devised at General Radio during
the development of the Tyrr 1151
Digital Time and Frequency Meter!,
the only counter, as far as we know,
that earries a direct input-noise specifi-
cation. The same measurement tech-
niques were applied to our pulse gen-
erators; Figure 1 is the result of such
a measurement of our popular Type

1R. W. Frank, “Zero to 300 ke with Five-Digit Accu-
racy,’’ General Radio Experimenter, June 1063.

AND ITS MEASUREMENT

1217-C Unit Pulse Generator. Inas-
much as we will specify input noise,
where appropriate, for future instru-
ments, we will explain in this short
article how we make the measurements.

The Significance of Input Noise

The operation of a typical input
switching circuit is shown in Figure 2.
This is the characteristic of a simple
Schmitt trigger circuit, with the trig-
gering and resetting points defining the
hysteresis voltage region. Figure 3
magnifies the triggering point to show
the area of uncertainty and to indicate
how this area is influenced by noise on
the triggering threshold and on the
signal. It is apparent that the error in
the time of triggering depends on the
slope of the signal voltage and the
magnitude of the noise. If a signal of

= | --|155i4-

FEsEs

Figure 1. Noise of a Type 1217-C Unit Pulse Gener-
ator driven by a 2.05-V ramp with a 204.8555-
millisecond period. The last three digits are re-
corded. One major division corresponds to 100 »V,
peak-to-peak, noise.

File Courtesy of GRWiki.org
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TRIGGER PULSES
GENERATED AT
THESE POINTS

TRIGGERING
LEVEL

RESETTING
LEVEL

HYSTERESIS

INPUT
SIGNAL

Figure 2. Operation of a typical input circuit.

precisely known period and very low
noise is applied to a noisy threshold,
the error in a period measurement will
be as shown in Figure 4.
If the signal applied in Figure 4 were
a sine wave, then the slope of the signal
voltage would be the time derivative
of the signal as it passes the triggering
area. This leads to the familiar figures
for period-measurement error due to
signal-to-noise ratio. At zero crossings:
1w,
AT = = =
If triggering occurs not at the zero
crossing but at an angle ¢ in the input-
voltage cycle, then:

1 e ol
T Vﬁ. cos 6

AT = &+

SIGNAL

TRIGGERING
LEVEL
UNCERTAINTY
TRIGGERING
J LEVEL

TIME
UNCERTAINTY

SIGNAL LEVEL
UNCERTAINTY

Figure 3. The effects of uncertainty in signal on
triggering level.

In both the above equations, V.,,/V, is
the noise-to-signal ratio. If this figure
and the crossing angle are known, then
the error in a period measurement can
be determined. This is the basis for
the accuracy specifications of most
counters, with no assumptions made
about where the noise V, comes from.
To make a valid measurement, the
user must concern himself with two
quantities: Iirst, he must know the
signal-to-noise ratio of the signal he is
measuring; second, he must know the
equivalent input noise of the measuring
instrument.

TRIGGER /

—— A — — —

Figure 4. A periodic signal of slope S velts/second
and period T traverses the hysteresis region with
a superimposed noise signal of peak value V,.
By inspection it can be seen that the maximum
time-interval fluctuation, AT, will be £ 2 V,/V,.

As an example of the practical im-
plications of these factors, consider a
single-period measurement of a 10-volt
signal with an 80-dB signal-to-noise
ratio. If the counter introduces more
than 1 millivolt of noise (and most
counters do), that noise, rather than the
noise on the signal, will control the ac-
curacy of measurement.

Measuring Input Noise

The system used at General Radio
for quantitative measurement of the
performance of switching circuits is
shown in Figure 5. The task that this
system must perform can be deduced
from Tigure 4. It must produce a

File Courtesy of GRWiki.org
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| | 205V
100 kHz SCALE OF SCALE
H meoscHw& H OF 10 ”—" / \/ i
| : 204.8555 ms
i RAMP
i FLIP-FLOP Zﬁ?’é‘.‘?’é out INPUT CIRCUIT 10-MHz
i SCALE OF 2 B Ao L UNDER TEST | PERIOD METER
i g = e l
I COUNTER -l |
L . [TESTGGH| S
PRECISION RAMP GENERATOR out | |
LINEAR DC
ozagy | FECORDER

Figure 5. The precision ramp and the system for generating it. The quartz-crystal oscillater output is

divided by 20,480 to produce a precise time interval. The crystal is sef low in frequency by about 25 Hz

to produce final period of 204.8555 milliseconds. Dc-coupled output is set to exactly 2.05 V, peak-to-
peak, so the slope is nearly 20 V/s in both directions.

completely clean signal of exactly
known period, feed this signal into
the input ecircuit to be evaluated, and
measure the fluctuations in period of
the triggers produced. If very high
signal-to-noise ratios are to be attained,
frequency stability must be excellent;
therefore the system uses a crystal
oscillator. The reference signal is trian-
gular; if it were sinusoidal, either a
separate measurement would be neces-
sary to determine that the input circuit
was truly switching at zero crossing or
corrections to the signal-to-noise figure
for signal slope at different triggering
levels would have to be made.

In the test setup shown, the ramp is
highly linear, so that no corrections for
phase are necessary. The ramp slope
is symmetrical, so that the noise for
both negative-going and positive-going
threshold detectors can be evaluated.

The ramp has a period of 204.8555
milliseconds (the last digits chosen to
place a plot at midscale on a strip
chart) and an amplitude of 2.05 volts,
or positive and negative slopes of 20
volts/second.

This ramp is fed to the input circuit

under test, and the period of the output
triggers from the triggering circuit is
measured on any 10-MHz period-
measuring counter. In the complete
absence of noise, the counter would
indicate 204.8555 milliseconds. The
left-hand digit corresponds to volts,
the second to tenths of a volt, etc.
Thus the final digits (555) correspond
to hundreds, tens, and units of micro-
volts of noise. The + 1 count error of
the counter therefore corresponds to an
ultimate system resolution of & 1 uV.
The counter reading is fed through a
D/A converter to a strip-chart re-
corder.

The big question, of course, is—
how good is the ramp? For what we
actually measure are time-interval fluc-
tuations due to noise in the combination
of the ramp and the input circuit under
test.

A linear amplifier can be inserted
between the ramp generator and the
input circuit under test to increase the
ramp slope. If the slope is increased
by a factor of 10 (corresponding to 20
dB of inserted gain), the ramp-amplifier
noise will quickly predominate over

File Courtesy of GRWiki.org
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Figure 6. Noise measured (left)] with test ramp

applied directly to a Type 1217-C and (right) with

low-noise amplifier inserted between ramp gen-
erator and a Type 1217-C.

that of the input circuit alone. The
ramp noice can then be measured, as
long as the amplifier noise is negligi-
ble.

Figure 6 compares the input noise
measurement. of Figure 1 with a similar
measurement made with a 20-dB low-
noise amplifier inserted between ramp
generator and input circuit. The sharp
reduction in noise as the slope is in-
creased by an order of magnitude is
convincing proof that most of the
noise is in the input circuit, not in the
ramp-amplifier combination.

Figure 7 shows how the best balanced
amplitude comparator® we have yet
built (Figure 8) responds to the test

Figure 7. Performance of low-noise comparator
with precision ramp. System noise appears to be
about 6 uV, peak-to-peak.

ramp. One would conclude from Figure
7 that the ramp-comparator combina-
tion has a peak-to-peak noise no worse
than 10 gV (3 gV, rms). The true rms
value for any of these measurements
can be either computed from the suec-
cessive counter readings or measured
with a low-frequency rms meter.

Again the question must ocecur: Is
the primary contributor to this over-all
noise the ramp or the comparator? With
such a low-noise comparator, it is not
possible to insert an amplifier with
any assurance that its input noise is
lower than that of the comparator.

2R. W. Frank, “How to Kill Time — Accurately!”
General Radio Experimenter, December 1958, p 8.

5003

2N3821

RAMP OR
SIG IN

-20V

REF (GND) OR NOISE
SIG IN

Figure B. Schematic diagram of
low-noise comparator. Balanced
input circuit uses Tl 2N3821 N-
channel Ffield-effect transistors.
Hysteresis is 0.3 V at either gate.
Comparator maintains constant
hysteresis to over 500 kHz.

PULSET]
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In Figure 9, the slope of the ramp itself
is varied by changes in the value of
the integrating capacitor. The lower
value of integrating capacitor increases
the ramp slope to 30 volts/second. In
spite of the slightly higher effective
impedance of the ramp generator, the
over-all noise decreases. We must con-
clude that the predominant noise con-
tribution is from the comparator.

Figure 9. Performance of FET comparator as ramp
slope is changed from 15 to 30 V/,.

In Figure 10, the trace begins show-
ing the system noise of less than 10 uV.
A 1-kHz signal of 30 uV, rms, amplitude
is then injected into the comparator;
finally, 30 xV of noise at 20-kHz and
500-kHz bandwidths is applied for
several minutes. Note that 30 gV of
noise in the 20-kHz band does occa-

Figure 10. Performance of the ramp-
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sionally aftain 100 xV, peak-to-peak,
amplitude but doesn’t look like 30 xV
rms. With the 500-kHz bandwidth, the
rms value of the noise looks even
smaller. This proves that the compara-
tor functions as a time-domain filter.

From such measurements we con-
clude that the input noise of a TyrE
1217-C Pulse Generator is about 20
uV, that of the Type 1398-A about 50
#V. Since most counters have noise
figures probably in the 1-to-10-millivolt
region, this means that the accuracy
of a single-period measurement can be
improved by more than an order of
magnitude if a Tyere 1217-C or 1398-A
Pulse Generator is used to trigger a
counter.

— R. W. FrRANK

comparator system with various noise

signals applied. Trace starts with 30
seconds with no noise signal. Then 30 uV,

rms, at 1kHz is applied for about 45

seconds, showing that the ramp slope
is about correct and that one division

§§ “” ]r(r FsH
=

equals 100 uV, peak-to-peak. Then a Type

1390-B Random-Noise Generator pro-

vides 30 uV, rms, of random noise in

20-kHz and 500-kHz bands. With the

[l

500-kHz bandwidth, one would have to

T
[

wait for a very long time for a full devia-

I
I

tion error. Note the similarity of the noise

|

]

generator trace to that showing system
performance, an order of magnitude
lower in level, in Figure 7.
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An instrument, no matter how in-
geniously designed and efficiently made,
is never so good that it can't be im-
proved. That is the story of GR's
general-purpose pulse generator, which
our engineers designed over 10 years
ago and have not been able to leave
alone Each successive model
represented unequalled value for this
class of instrument, and customer
response has always been excellent. But
the campaign continued to
just a few more ounces of performance
out of the design, while holding the cost
in line.

since.

squeeze

1 R. W. Frank, “Improved Performance from the Unit
Pulse Generator,” General Radio Exrperimenter, December
1964,

Figure 2. A positive output pulse shown at 10
ns/cm writing speed. The fall time is about 3 ns.

PULSE SENERATOR
=y

1=

GERERAL RADIO COMPANT

Figure 1.

TYPE 1398-A PULSE GENERATOR

The latest of these pulse generators,
the Type 1398-A, is most easily de-
seribed in terms of the popular Tyre
1217-C.* The new generator has a shorter
rise time and more output power than
the Tyre 1217-C and contains its own
regulated power supplies. For those
who don’t need the faster pulse and
the extra power and who have their
own power supply, the Tyrr 1217-C
remains available.

To review the general specifications
of the Tyres 1217-C and the 1398-A:
In both, prf range is 2.5 Hz to 1.2 M Hz
and duration is 100 nanoseconds to
1 second. In the TypE 1398-A, transi-
tion times have been dropped from
10 to 5 nanoseconds (see Figure 2), and
output current has been boosted from
40 to 60 mA, so that the open-circuit
output is 60 volts behind 1 kilohm.

Circuit

Figure 3 is a block diagram. In the
timing and output circuits, vacuum
tubes are used for their high input im-
pedance and ruggedness; the pulse-
control ecircuits are transistorized for
maximum switching speed. In the Tyre

| File Courtesy of GRWiki.org
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Figure 3. Block diagram

1398-A, new silicon npn transistors and
double-frame-grid power output tubes
further extend the capabilities of the
hybrid arrangement.

The input eireuits, shown in Figure 4,
require only three active devices, which
are switched into operation as either
a prf oscillator or an aperiodic trigger
circuit, depending on whether internal
or external drive is desired. Equivalent
input noise (as measured by the tech-
niques described in the preceding arti-
cle) is about 50 pV, rms (see Figure 5),
which is much lower than that of many
trigger-type input systems. This low
input noise leads to very low prf jitter
with external drive.

Figure 4. Schematic diagram of in-
put circuits. Switched as shown,
for external operation, the Schmitt
circuit is driven by the input dc am-
plifier and is a fast 2-MHz-to-dc
trigger circuit. When the PRF con-
trol is set for the internal mode, the
same components are switched
into a stable oscillator that can be
injection-synchronized from the
external-drive terminals. The input
tube becomes a current source to
translate the left-hand plate swing
to center on the Schmitt circuit. The
circuit oscillates within its hystere-
sis region. C1 establishes fre-
quency range, R1 gives continuous
frequency adjustment.

EXT DRIVE

r—— VOLTAGE AMPLIFIER ——— (—
S50V +150V

of the pulse generator.

The push-pull output circuit (Figures
6 and 7) offers many advantages: It
presents a constant load to the power
supply; it delivers both positive-going
and negative-going pulses simulta-
neously; the pentodes used are linear
current sources, which produce the
same source impedance for either po-
larity; the output is short-circuitable,
and there are no duty-ratio restrictions;
and finally, since the output terminals
are direct-coupled to the output stage
plates, there is never any rampoff.

Another characteristic of this circuit
is that it retains a de component nega-
tive with respect to chassis ground. A
feature of the new generator is provision

SCHMITT CIRCUIT

+150V

1
')
= e

-—

\ “INT

SYNC AMP
EXT

TRIGGER
TO OUTPUT
PULSE CIRCUIT

=150V
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Figure 6. (Below) Schematic diagram of output and
timing circuits. Q101 and Q102 comprise a tran-
sistor bistable circuit. Q101 is normally off and
V105 and V103 normally on. Conduction of
V103A keep VI04A off, and timing potentiometer
R125 establishes initial voltage on timing capaci-
tor C. The active pulse interval is initiated by a
start pulse, which turns Q101 on and Q102 off.
V103 and V105 go off, V106 on. C charges
through R to the triggering point of Schmitt com-
parator V104. Upon triggering, the Schmitt circuit
resets the flip-flop, terminating the pulse.

S\leEP GENERATOR
COMPﬂR-ﬂUR SCHMITT j

Figure 5. (Above)
Plot showing noise
generated in input
circuit. +I50V IS0V
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for easy control of the de component,
over about a 4 15-volt range, by use of
an external low-voltage power supply.
Connection of such a supply will permit
bias levels to be accurately established
for devices to be driven by the genera-
tor. In addition, signal-sensing circuits
and a socket are included for connection

to a to-be-announced de-component
control unit, which will attach directly
to the right-hand side of the generator.
This unit will automatically control
the average value or either peak value
of the positive or negative pulse over
a =+ 15-volt range.

ABRIDGED SPECIFICATIONS

PRF: 2.5 Hz to 1.2 MHz, internal; dec to 2.4
MHz, external.

Pulse Duration: 100 ns to 1 s.

Rise and Fall Times: 5 ns into 50 or 100 2.
Output: 60 mA, positive and negative.

10

Power Required: 105 to 125, 195 to 235, or
210 to 250 volts, 50 to 60 Hz, 90 W.
Panel Dimensions: 12 X 514 inches (305 X 135

mm).
Net Weight: 1415 b (7 kg).
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GE COMPONENT
INSERTION TERMINALS
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Figure 7. A closer look at the output circuit. The system includes a pair of switched current sources, V1

(normally on) and V2 (nermally off). When the active pulse interval switches V1 off, the output voltage

at the positive pulse terminal goes from —IR to O, while the veltage at the negative terminal goes

from Oto —IR. Output impedance is adjusted to control open-circuit output veltage and is unaffected by

switching circuits. The de-component insertion terminals permit use of an external low-veltage power
supply to translate the reference from 0 volts to the external supply voltage.

Catalog Price
Number Description in USA
1398-9701 Type 1398-A Pulse Generator $535.00
0480-9632 Type 480-P312 Rack-Adaptor Set 6.50

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

For complete specifications, see the current General Radio catalog or write
fo your nearest GR sales office.

THE TYPE 1397-A

A new pulse amplifier, the TyYPE
1397-A, has been designed as a com-
panion not only for the Type 1398-A
Pulse Generator described in this issue
but for the Type 1217-C Unit Pulse
Generator and the Tyre 1395-A Modu-
lar Pulse Generator! as well. The new
amplifier increases the relatively low
output power available from these
instruments to a healthy 50 watts peak.

Why have pulse generator and pulse
amplifier in separate packages, any-
way? The separation, a long-standing

! Gordon R. Partridge,” Pulses to Order," General Radio
Ezxperimenter, May 1965.

PULSE AMPLIFIER

GR practice, makes excellent sense.
Why, for instance, saddle a pulse gen-
erator with a costly and complicated
high-power amplifier if the generator
is most often used to drive the base of
a transistor? The cost of such overkill
is measured in performance as well
as dollars. A l-ampere generator not
only will generally cost more than
twice as much as, say, a Tyee 1217-C
with power supply but also will have a
duration limit of about 10 milliseconds
compared with the 1-second maximum
of the lower-cost pulse source. More-
over, since few generators producing an

File Courtesy of GRWiki.org
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Figure 1. Type 1397-A Pulse Amplifier.

ampere can produce it continuously amplifier offers some important design
(another problem in economics), there advantages, too. The new pulse am-
must be duty-ratio restrictions, over- plifier is unique, for example, as a very
load protection, ete.

The separation of generator and fying complex waveforms. This useful

nearly linear amplifier capable of ampli-
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Figure 2. Elementary circuit diagram of the pulse amplifier.
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characteristic would hardly be appro-
priate in the usual I-ampere pulse
generator, where the output stage is
just a big, fast switch.

Having established the case for sepa-
rate units, let us turn to the amplifier
at hand. It needs only a 2-volt nega-
tive pulse at the input to produce a
l-ampere positive or negative output
pulse. Rise and fall times are typically
40 nanoseconds (Iigure 3), assuming
the driver can get under 20 nano-
seconds. Another useful feature is a
variable-transition-time mode, which
offers the user continuous adjustment
of rise and fall times from 0.1 to 100
microseconds.

The output pulse can be either ter-
minated in internal loads or coupled,
without internal loss, to an external
load. A single switch is used to select
output polarity and load -configura-
tion.

Since the amplifier is substantially
linear (Figure 9), it is a simple matter

(Right) The
0.6-us pulse from the
Type 1217-C is passed
by the amplifier set
for negative output.
Note minimal ringing
and clean transitions.

Figure 5.

February 1966

to control output rise time by control-
ling the input pulse (Figures 11, 12).
An input control does this, switching in
a 100-ohm or 100-kilohm resistor, for
minimum rise time (normal mode), or a
set of simple networks to shape the
input pulse into either an exponentially
or linearly rising function over a range
from about 0.1 to 100 microseconds.
The maximum duty ratio for the
amplifier is 1/10. If this is exceeded,
internal voltages are automatically
switched off and a flashing lamp on the
front panel calls for a manual reset.

Circuit

The straightforward circuit is shown
in Figure 2. The input shaping networks
are followed by a voltage amplifier,
a cathode follower, and the output
stage, consisting of three parallel-con-
nected pentodes. These are connected
as cathode followers for positive output
pulses, as amplifier-inverters for nega-
tive output pulses. The changes in gain

Figure 3. (Left) A 0.08-us input pulse from a Type 1217-C is
amplified to 1.2 amperes in a 50-ohm system. Amplifier dis-
plays rise and fall times of about 0.04 us and about 5%, over-
shoot on trailing transition. Oscilloscope is Tektronix 661-A

at 0.1 ,u.s/cm.

Figure 4. (Left) The positive pulse duration is increased to 0.6
us, and the driving pulse amplitude is decreased in three steps
from full 1.2 amperes to about 809, 50%, and 20%, of initial
level. Note slight changes in transient response. Small under-
shoot at positive peak flattens to small overshoot at 209, level.

File Courtesy of GRWiki.org
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Figure 6. (Left) Effects of duty ratio on output pulse. PRF is
10 kHz and duration of shorter pulse is 1 us. When the Type
1217-C is switched to produce a 10-us pulse, the 109, duty
ratio lowers the pulse amplitude to about 929, of the initial
level. Note that pulses still retain excellent shape.

Figure 7. (Right) Still
longer pulses. With
duration increased to
100 ps, no defects
show in either positive
or negative pulse. Os-
cilloscope is now a
Tektronix 551. The
Type 1217-C is still
driving the amplifier in :
this double exposure.

Figure B, (Left) At the slowest writing rate, 1 ms/cm, a prac-

tically flat-topped negative pulse is seen just starting to roll

down at 4 ms. It will fall more rapidly from here on. The posi-
tive pulse falls linearly, is down by 309, at 5 ms.

Figure 9. (Right] The story on linearity. We're indebted to the
Type 1395-P3 Pulse Shaper for the beautifully linear ramp on
top. This is the input to the Type 1397-A. The lower trace is the
output, at full 1.2-A power. (The amplifier is set to invert the
negative input pulse.) Transfer function shows lower gain at
very low and very high power level as pulse starts from cutoff

and rises into grid-current regions of output stage.

15572/

Figure 10. (Left) More linearity. The Type 1395-A Modular

Pulse Generator provides a distinctive pulse to amplify (top),

and the Type 1397-A gives a reasonable facsimile at a
1-ampere level.

Figure 11. (Right) Posi-

tive and negative 10-

ps output pulses with

rise-time conftrols set

for exponentially ris-
ing pulse.

Figure 12. (Left) Positive and negative 10-us pulses with con-
trols set for linearly rising pulse show 2-us rise times. They
again display the transfer function of Figure 9, should be
useful in driving magnetic structures at slower transition rates.
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due to the different output configura-
tions are compensated for by plate-
load switching at the input amplifier.
So that the base of either positive
or mnegative output pulse can be
grounded while the pulses retain their
de component, the power supply for
the entire output system is switched
along with output polarity. The power
supply for the input-amplifier stage is
not switched, so that the grid-cathode

February 1966

signal voltage is always developed

with respect to ground.

Performance

Oscilloscopic comparison of input
and output signals is the most objective
evidence of an amplifier's capabilities.
The unretouched oscillograms of
Figures 3 through 12 show what the
Type 1397-A can do under a variety of
operating conditions.

ABRIDGED SPECIFICATIONS

Imput Drive Rise and
Mode Impedance Required Fall Times
NORMAL 100 £2 or 100 ki2 shunted by —2V, p-to-p, < 50 ns (typically 30 ns) with input
approx 50 pF, switch selected | minimum rise and fall times of <20 ns
VARIABLE —30 V, p-to-p, 0.1 to 100 us, approx, linear, con-
Linear 30 kf2, approx approx, minimum continuously adjustable
Exponential | 100 —2to —4 V, p-to-p, | 0.1 to 100 us, approx, exponential,
approx continuously adjustable
OUTPUT Internal Shunt: Positive output, 50 £ or open circuit;

Rampoff: Approx 20% with 5-ms pulse duration.
Amplitude: 1.2 A, p-to-p, max (60 V into 50 ©2). 1 A,
p-to-p, with 109, duty ratio. Automatic overload
protector with manual reset.

Amplitude Variation: +109% for duty-ratio changes
from minimum to 10%. With :1:10% line-voltage
changes, positive variation is +10%, negative output
is £5%.

negative output, 50 2, 100 2, or open circuit.

GENERAL

Max Duty Ratio: 107,

Power Required: 105 to 125, 195 to 235, or
210 to 250 V, 50 to 60 Hz, 100 W.

Panel Dimensions: 14 X 57¢ inches (355 X 150

mm).
Net Weight: 18 1b (8.5 kg).

Catalog Price
Number Description i USA
1397-9701 I Type 1397-A Pulse Amplifier I $495.00
0480-9634 Type 480-P314 Rack-Adaptor Set 6.00

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

For complete specifications, see the current General Radio catalog or write
to your nearest GR sales office.
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INDEXES, BINDERS, HISTORIES OFFERED

INDEX

The 1965 Experimenter index is now
available and will be mailed free of
charge to those requesting it. The index
lists all articles published during the
year and is arranged by subject, author,
and instrument type number.

A small quantity of indexes for other
years is also available. If you would
like to round out a collection, perhaps
we can help you.

BINDERS

You can also obtain a binder for your
Experimenters simply for the asking.

Each binder will hold about two years’
Lxperimenters.

HISTORY

The General Radio Company 1915-
1964 is the title of a 32-page monograph
written by Dr. Donald B. Sinclair, GR
president, and available (while the sup-
ply lasts) to Experimenter readers on
request. The short history, presented at
a meeting of The Newcomen Society,
tells of the people and philosophies that
helped make GR, and, in a sense, the
electronics industry, grow.

DO WE HAVE YOUR CORRECT NAME AND ADDRESS — name, company
or organization, department, street or P.O. box, city, state, and zip code?
If not, please clip the address label on this issue and return it to us with

corrections, or if you prefer, write us; a postcard will do.

the @ Experimenter
GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS « USA

RETURN REQUESTED

BULK RATE
U. S. POSTAGE

PAID

Boston, Mass., U.S.A.
PERMIT 3115
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ALL-SOLID-STATE,

LOW-DISTORTION

Figure 1.

10 Hz TO 100 kHz

OSCILLATOR

SINE- OR SQUARE-WAVE

The Type 1309-A is the second
in our new line of general-purpose
variable-capacitance-tuned RC os-
cillators, recently introduced with
the Type 1310-A Oscillator.! It con-
tinues the modern, all-solid-state
design used in the Type 1308-A and
Type 1311-A Audio Oscillators.

The continuing need for- greater
aceuracy in electrical measurements,
the improvements in sound-recording
and reproduction equipment, and the
increasingly stringent requirements on
communication systems have all low-
ered the levels of distortion acceptable
in new equipment. To design and to test
this equipment, accurate distortion
measurements must be made, and an

1 Robert E. Owen, ‘“A Modern, Wide-Range RC Oscilla-

tor," General Radio Expervmenter, August 1965.

essential part of any harmonic distor-
tion measurement is a low-distortion
source.

As distortion specifications have
tightened, generators with lower and
lower distortion levels have become
available, but most of them have been
quite expensive owing to a concomitant
emphasis on extreme amplitude stabil-
ity and a flat frequency characteristic.
In lower-cost, general-purpose oscilla-
tors, on the other hand, the transition
from vacuum tubes to transistors has
led to higher, rather than lower, distor-
tion levels, as a result of the techniques
used to obtain these additional char-
acteristics.

The new Type 1309-A Oscillator, an
all-solid-state, capacitance-tuned oscil-
lator, combines very low distortion
with accuracy and stability ample for

© 1966 — GENERAL RADIO COMPANY, WEST CONCORD, MASS., U.S.A.
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Figure 2. Block diagram of Type 1309-A Oscillator.

WIEN BRIDGE AMPLIFIER
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! | ——nF | STEP ATTENUATOR ATTENUATOR
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] SYNCHRONIZATION 60080 O\égglg

general laboratory use. Output is quite
constant over the entire frequency
range of 10 Hz to 100 kHz, and an out-
put attenuator provides the low signal
levels necessary for testing active
devices. As with other General Radio
RC Oscillators, there is an input-output
synchronization jack. An added feature
is a square-wave output for transient-
response measurements. This output
has a symmetrical waveform and an
unusually short rise time.

Figure 1 is a panel view of the
oscillator, and Tigure 2 shows the three
major elements: a low-distortion Wien
bridge oscillator, a Schmitt squaring
circuit, and an output attenuator.

DISTORTION

The low distortion is achieved
through the use of a high degree of
negative feedback and a thermistor of
2 Robert E. Owen, *Solid-State RC Oscillator Design

for Audio Use”, Journal of the Audio Engineering Sociely,
Vol 14, January, 1966.

special design for amplitude control.?
The distortion at full output is approxi-
mately constant with load impedance
for any linear load of 600 ohms or
greater. When the open-circuit output
is one volt or less, the distortion is
independent of the size of the load.
The distortion is typically less than
0.019, for frequencies near 1 kHz, often
below what can be conveniently meas-
ured. Note that the shape of the dis-
tortion curve (Figure 3) is typical of
most audio-frequency devices, so that
the margin between the source distor-
tion and a device under test remains
approximately constant with frequency.

Low levels of hum and noise are
always desirable, but to be useful for
broadband distortion measurements an
oscillator must have noise and hum that
are at least as low as the distortion. The
1-kHz output of the Type 1309-A
has noise typically less than 0.005%, in
a bandwidth of 5 Hz to 500 kHz, and

03
0.2 \
: 4
i!D.I\\ ‘/ /
\ SPECIFICATION 4/ Figure 3. Oscil-
TYPICAL lator  distortion
,--——ﬂ-a-l"“'
o = 4 for 600-ochm load
IOHz 20 50 100 200 500 IkHz 2 5 ol = 29 50 100

FREQUENCY

or open circuit.
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Figure 4. Typical oscillator output voltage versus frequency,

hum is less than 0.0019}, (—100 dB)
of the full output.

ATTENUATOR

The sinusoidal open-circuit output
voltage can be varied continuously
between 5 volts and less than 0.5 milli-
volt by means of the output attenuator.
An additional position, labeled zero
volts, disconnects the oscillator output
from the terminals yet maintains the
600-ohm output impedance. This pro-
vides a convenient transient-free means
of reducing the output to zero without
disturbing the continuous attenuator
setting or shorting or disconnecting a
carefully shielded system. Further, it
aids in locating ground loops and other
sources of extraneous signals when one
is working with small signal levels.
With the oscillator output removed, the
extraneous signals are not masked, so
that they are easier to measure and to
eliminate. This technique offers con-
siderable advantage over the often-
used one of short-circuiting the output.
Shorting drastically changes the im-

pedance levels and can, in effect, change
the whole circuit, possibly eliminating
the very source that one is trying to
isolate.

The variation of the output of any
oscillator at different frequencies is
perhaps its most noticeable departure
from ideal. Because of this, and because
a constant output is convenient for
response measurements, most modern
transistor oscillators have relatively
flat output-frequency characteristics,
although this property may be accom-
panied by moderately high distortion,
which is uniform across the frequency
range. The output of the Typr 1309-A
is constant within 429 over its whole
frequency range and is typically within
+0.59, (see Figure 4). It is stable
within 40.29 for one hour, typically,
under normal laboratory conditions and
after warm-up.

One position on the step attenuator
connects the high-speed Schmitt circuit
to the sinusoidal oscillator. Symmetri-
cal, positive-going square waves with a
rise time of less than 100 nanoseconds

Figure 5. (Left) Leading edge of 10-kHz square wave into 50-ohm load. Horizontal scale: 50 ns/div.
(Right) Direct-coupled 10-Hz square wave has flat top. Horizontal scale: 10 ms/div.




into 50 ohms are then available at the
output terminals. This rise time is
typically 40 nanoseconds into 50 ohms
at full output, which corresponds to the
response time of an amplifier with
greater than 10-MHz bandwidth. (See
Figure 5.) This output is greater than
5 volts, peak-to-peak, open-circuit, and
is de-coupled through the 20-dB at-
tenuator, so that the waveform is flat-
topped even at the lower frequency
limit of 10 Hz.

SYNCHRONIZATION

This oscillator has a combination
input/output synchronization capabil-
ity similar to that described for the
Type 1310-A 2-¢ to 2-Mc Oscillator!,
and its usefulness is enhanced by the
high purity of the oscillator output. The
sync output is greater than 1.5 volts,
open-circuit, behind 12 kilohms and is
in phase with the normal front-panel
output. This output is particularly
convenient for triggering counters and
tone-burst generators, ete, when the
attenuator output is set at a very low
level. Because this output is always
connected to the sinusoidal oscillator,
both square-wave and sinusoidal out-
puts are available simultaneously. The
square waves expand the uses of the
synchronizing capability by providing
an output waveform and amplitude
that are independent of the input
waveform. Figure 6 shows a further use
of the combined synchronization and
square-wave functions.

Figure 6. Using phase-shift capability of syn-
chronized oscillator to get variable time delay
pulses. (Top) sinusoidal input te oscillator syn-
chronization jack. (Middle) Square-wave output
with adjustable phase. (Bottom) Differentiated
square wave (pulse) that has been adjusted to
follow zero crossing of input sine wave by ap-
proximately 20°.

March 1966

Robert E. Owen received
his B.E.Il. from Rens-
selaer Polytechnic In-
stitute in 1961 and his
M.S.E.E. from Case In-
stitute of Technology in
1963. During his student
career, he was employed
. summers by  Dresser
Electronies and Boonton
Radio Corporation. He
came to General Radio
as a development engi-
neer in 1963. His field is
electrical networks, both
active and  passive.

APPLICATIONS

The variety of uses for an oscillator
with this frequency range and types of
waveforms is almost unlimited. Its
purity of waveform and range of avail-
able output level, however, make it
particularly valuable for laboratory
design and measurement use. As an
example of its versatility, it can be used
in audio amplifier measurements as a
source:

with a wave analyzer to measure hum,
noise, and harmonic distortion;

with another oscillator and a wave
analyzer to measure intermodulation
distortion;

with a tone-burst generator and
oscilloscope to measure overload recov-
ery and peak power output;

with an oscilloscope to measure
transient response;

with a wattmeter to measure power
output; and

with a voltmeter to measure fre-

quency response.
— R. E. OweN
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Figure 7. The Type 1309-A
Oscillater and associated
equipment used for test-
ing of an audio amplifier.

SPECIFICATIONS

FREQUENCY

Range: 10 Hz to 100 kHz in four decade ranges.
Contrel: Continuously adjustable main dial
covers range in 1 turn, vernier in 414 turns.
Accuracy: =277,

Synchronization: An external reference signal
can be introduced through phone jack to phase-
loek oscillator. One-volt input provides 4+ 3%,
locking range. Frequency dial can be used for
phase adjustment.

OUTPUT

Sine Wave

Power: 10 mW into 600- @ load,

Voltage: 5.0 V 4=5%, open circuit.
Impedance: 600 £. One terminal grounded.

Control: Minimum of 20-dB continuously ad-
justable and 60-dB step attenuator (20 + 0.2
dB per step). Also, a zero-volts output position
with 600-0 output impedance maintained.

Distortion: Less than 0.059, from 200 Hz to
10 kHz, increasing to less than 0.259% at 10 Hz
and 100 kHz open circuit or 600 €. See Figure 3.

Frequency Characteristic: =+2% over whole
frequency range for loads of 600 @ or greater.
See typical curve in Figure 4.

Hum: Less than 50 pV regardless of attenuator
setting. (0.001% of full output.)

Synchronization: High-impedance (12 k), con-
stant amplitude output of approximately 1.5
volts for use with external counter, for trigger-
ing an oscilloscope, or for synchronizing other
oscillators.

Square Wave

Voltage: Greater than +5 V, peak-to-peak,
open-circuit. De-coupled output.

Impedance: 600 €.

Rise Time: Under 100 ns into 50 €. Typically
40 ns at full output.

Control: Minimum of 20 dB continuously
adjustable attenuator only.

Symmetry: £2%; over whole frequency range.

GENERAL

Terminals: Two Type 938 Binding Posts, one
grounded.
Accessories Supplied:
Cord, spare fuses.
Accessories Available: Type 1560-P95 Adaptor
Cable (telephone plug to Type 274-M Double
Plug) for connection to synchronizing jack,
relay-rack adaptor set.

Power Required: 100 to 125 V, 200 to 250 V,
50 to 400 Hz, 6 W.

Mounting: Convertible-bench cabinet.
Dimensions: Width 814, height 6, depth 81%
inches (210 by 155 by 210 mm), over-all.

Net Weight: 634 1b (3.1 kg).

Type CAP-22 Power

Catalog Price
Number Description in USA
1309-9701 Type 1309-A Oscillator, 10 Hz-100 kHz $325.00
1560-9695 Type 1560-P95 Adaptor Cable 3.00
0480-9638 Type 480-P308 Rack-Adapter Set 7.00
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GENERATION OF SINE-SQUARED PULSES
WITH THE TONE-BURST GENERATOR

Sine-squared, or raised-cosine, pulses
are useful in testing broadband trans-
mission systems and, in particular, in
video-bandwidth tests of television sys-
tems.! The sine-squared pulse, for in-
stance, resembles very closely the elec-
trical pulse from a television camera
corresponding to a scanned white line.
The spectrum envelope of a sine-
squared pulse is shown in Figure 1 with
that of a rectangular pulse for compari-
son. Above twice the fundamental, the
sine-squared pulse has no components
of appreciable magnitude. Below that
frequency, however, its spectrum re-
sembles very closely that of the rec-
tangular pulse.?

Sine-squared pulses can easily be pro-
duced by the Typre 1396-A Tone-Burst
Generator. By means of the gating con-
trols, the interval between pulses can
be set at 1, 3, 7, 15, 31, 63, or 127
periods, or from 1 millisecond to 10
seconds with a timed control.

To generate sine-squared pulses with
the Tone-Burst Generator, proceed as
follows:

10 :
1. Conneet a —— -uF capacitor be-
HZ

tween upper terminals of the sieNaL

(Left) Figure 2. One-
cycle sine-wave burst.
(Center) Figure 3. One-
cycle burst gated at
peak. (Right) Figure 4,
Sine-squared pulse.

2~

s w e

] 1 1F

|
—RECTANGULAR
PULSE

AMPLITUDE
m
—

SINE SQUAREI
PULSE

B ] 2 3 E E]
FREQUENCY ==

Figure 1. Spectrum envelopes of a rectangular
pulse and a sine-squared pulse.

INPUT and TIMING INPUT pairs.

2. Apply a signal of the desired fre-
quency, f, to the siGNAL INPUT ter-
minals.

3. Set both gATE DURATION switches
to 2.

4. Set CYCLE COUNTS switch to wmI-
~Nus ONE. This produces one-cycle bursts
similar to those of Figure 2 as seen on
an oscilloscope.

5. By means of the sLoprr switch and
TRIGGER LEVEL control, change the
phase of the pulse so that gating occurs
at peak points, as in Figure 3.

! Nelson, Joseph E, “Television and Sine-Squared
Testing,” Tektronix Service Scope, April 1964.
2 Colin Cherry, Pulses and Transients in Communication

Circuits, Chapman and Hall, Ltd., London, 1949, pp
175-181.
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6. Add a de voltage source in series
with the input signal and adjust this
voltage to remove the steep parts of
the waveform and to produce the sine-
squared pulse of Figure 4.

7. Set GATE DURATION-CLOSED switch
to desired cycles interval between
pulses. Alternatively, if a continuously
adjustable interval is wanted, set to
X1 or X100, and adjust TIMED control
to give desired interval.

The value of the eapacitor between
the signal and timing inputs is not
critical. Its purpose is to shift the phase
of the timing signal relative to the in-
put so that when switching occurs at
the peak points the input circuits are

Figure 5. Typical sine-squared pulse train produced
with the Tone-Burst Generator.

James K. Skilling is a
1953 graduate of the
University of California
at Berkeley, with a BS
in Eleetrical Engineer-
ing. He received his MS
from Johns Hopkins Uni-
versity in 1963. He has
been a junior engineer at
Douglag Aireraft and an
instructor in electronies
at the U. 8. Naval
Academy. Since 1959 he
has been a development
engineer at General Ra-
dio, specializing in pulse
techniques and circuits.

working at level somewhat below peak.
This ensures more reliable operation.

The output amplitude must be lim-
ited to 7 volts, peak-to-peak, because
the input is de-coupled. The output
has a de component, which can be
blocked by a coupling capacitor.

Figure 5 is an oscillogram of typical
sine-squared pulses generated in the
manner described above. The funda-
mental input frequency is approxi-
mately 2.5 kHz, and the interval be-
tween pulses is 7 periods.

— J. K. SKILLING

RINTE,
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Flash!...a new STROBOTAC®
electronic stroboscope

Type 1538-P4

The new high-speed Strobotac®
electronic stroboscope described in
this issue extends the speed range
for stroboscopic viewing and speed
measurement to over 1,000,000
rpm. In addition, the versatility of
the stroboscope is enhanced by
three optional accessories: a re-
chargeable battery for operation
independent of ac power lines, a
plug-in High-Intensity-Flash Capaci-
tor for extra-bright flashes for
photographic applications, and an
extension lamp for access to hard-
to-reach areas.

The electronic stroboscope has al-
ways been a spectacular instrument,
its optical wizardry as fascinating as

The new Strobotac and optional accessories. Next to the Strobotac, in
leather case, are battery and charger. Above right are battery power
cable and extension lamp. The Sirobotac itself sits on the high-intensity-

flash capacitor.

it is useful. The newest member of GR's
StroBorac® family of stroboscopes fol-
lows the tradition. Its ability to flash
150,000 times a minute means that it
can be used for speed measurement and
stroboscopie observation of the fastest
existing motors and machines, even
those in the million-rpm class. Accom-
panying this flashing rate are two other
important features: battery as well as
ac operation and an accessory plug-in
High-Intensity-Flash Capacitor that
boosts the light output tenfold for
photographic applications. The battery-
power option is sure to bring cheers
from thousands of veteran strobe users
whose operating radii have been the
lengths of their extension cords.

Shown on our cover is a Leesona false-twist spindle, used to put stretch in
textile yarn. What makes the picture cover-worthy is the fact that the spindle
was rotating at 250,000 rpm when it was photographed. Yet no extraordinary

h|c equipment was 'equnred to make the hot, in fact, what |s__ .

1538-A___Sl'i'obt:m:u:E flashmg 125 ,000 times a minute,

| File Courtesy of GRWiki.org
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Goodbye, extension cords! Textile trouble-shooter
carries his own power, new Type 1538-P3 Battery
and Charger, in shoulder-slung leather case.

The new Type 1538-A STROBOTAC
is an addition to the line, not a replace-
ment. The popular Type 1531-A
StroBorac will remain available for
those who do not need the extra capabil-
ities of the Typr 1538-A. The table
below summarizes the difference be-
tween the two models.

APPLICATIONS

The flashing-rate limit of the new
StrosorAc (150,000 fpm) by no means
states the upper speed limit of the

Type 1531-A

instrument’s usefulness. Simple har-
monic relationships extend this limit
to well over a million rpm. Thus high-
speed dentists’ drills, textile machinery
(see cover), and practically anything
that moves cyclically, no matter how
fast, are now subject to stroboscopic
observation and measurement. It’s true
that the use of harmonics can extend
the effective range of the slower-speed
Type 1531-A into the hundred-thou-
sand-rpm area, but, as the device speed
gets higher, the subharmonics come
closer together on the flashing-rate dial.
Then it becomes more difficult to
identify them, especially if the device
speed wanders. But, with the new
STROBOTAC, even a million-rpm meas-
urement presents no problem.

ACCESSORIES

The nickel-cadmium battery, with an
automatic charger, is available as an
optional accessory. A fully charged
battery will power the StroBorac for
about eight hours of normal operation.
The battery recharges overnight from a
power line. Or it can be left on charge
when not used, so that it will always be
ready. The STroBoTAC can be operated
directly from an ac power line if it is
more convenient.

Another important new accessory is
the Tyre 1538-P2 Extension Lamp, a
lamp-and-reflector assembly, identical
to that on the StroBoTAC, With a six-

Type 1538-A

Flashing-rate range
Speed-measurement range

110-25,000 fpm
to 250,000 rpm

110-150,000 fpm
to above 1 million rpm

Flash duration (on high to low 0.8, 1.2, 3 us 0.5,0.8,1.2,3 us
speed ranges)

Battery-operation option no yes

High-Intensity-Flash Capacitor option no yes

Extension-lamp option no yes

Qutput trigger
External Iriggering

Price

600-t0-800-V negative pulse

Contact opening, 6-Y, p-to-p,

signal (2-V, rms, sine wave)
$295.00

File Courtesy of GRWiki.org

6-V positive pulse
Contact closure, 1-V positive
pulse, 0.35-V, rms, sine wave

$465.00
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The Principle of the Stroboscope

A stroboscope is an instrument that permits periodic observation of a moving
object in such a way as to create the optical illusion of slow or stopped
motion. The electronic stroboscope is essentially a flashing light that provides
periodic illumination of a cyclically moving object and thus produces the
stroboscopic illusion.

The flashing rate of the stroboscope is controlled by an electronic oscillator
and is adjustable over a very wide range. If it is set to flash at, say, 1800
times a minute and if its light is used to illuminate a fan rotating at 1800 rpm,
each successive flash will occur with the fan in the same position, and the fan
will appear motionless. If the flashing rate is offset very slightly from the fan
speed, the flashes will come at successively earlier or later parts of the fan's
cycle, producing a slow-motion replica of the actual high-speed motion.

The stroboscope is also widely used as a tachometer, The flashing rate is
adjusted to produce the stopped-motion effect, and the speed of the device
under study is read on the dial of the flashing-rate control. Especially significant
is the fact that this kind of tachometry requires no physical contact with the
device. In photography, the stroboscope's microsecond flash (much faster than
that of conventional speed lights) “stops” almost anything, no matter how fast
it moves, for the camera.

foot cord and plug. The plug mates with
a connector on the front panel of the
StroBoTAC. Thus the lamp can be
operated in spaces too small for the
complete instrument or can be mounted
in test chambers and controlled from a
safe distance.

The light intensity of the STroBOTAC
is more than adequate for many photo-
graphic applications. Still, there are
times when, either because of the
extremely high speed of the object
being photographed or an unavoidably
high ambient light level, a brighter
flash is needed. Then the photographer
can connect the new Type 1538-P4
High-Intensity-Ilash Capacitor to the
base of the StroBoTACc. With this ac-
cessory connected, one can produce a
single flash of great brilliance (44 mil-
lion beam candles) and short duration
(8 microseconds).

Other accessories useful with the
StroBoTAC are GR’s photoelectric pick-
offs (see page 11), flash-delay unit,
surface-speed wheel, and two strobo-

scopes that can be controlled by the
StroBoTAC: the STrROBOLUME and the
STROBOSLAVE (see page 9). These instru-
ments and accessories constitute by far
the most complete line of stroboscopic
equipment available anywhere.

The exiension lamp solves a logistics probiem,

Six-foot cord attaches through connector on
front panel of Strobotac,

File Courtesy of GRWiki.org
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THE CIRCUIT OF THE NEW STROBOTAC

The sixfold increase in flashing rate
of the new StroBOTAC wWas made pos-
sible by the development of a new
strobotron tube* and of new circuits**
that minimize the time required be-
tween flashes for deionization and re-
charging. The following is a description
of the STrRoBOTAC circuit, with empha-
sis on the advances of the new model.

The strobotron flash tube comprises
two main electrodes, a cathode and
an anode, separated by 34 inch in an
envelope filled with xenon gas at a pres-
sure of one-half atmosphere. A specially
designed ecapacitor acts as a low-im-
pedance source to supply 800 to 1000
volts across these electrodes. The gas,
however, remains nonconducting until
a 5000-volt pulse is applied to trigger
wires between these main electrodes.
This pulse ionizes the gas, causing up
to 1000 amperes to flow. The peak power
of almost a million watts generates an
intense flash of white light of 15 million
beam candles.

* U. 8. Patent No. 2,977,508.
*#* Patent applied for.
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Voltage-vs-time characteristics of
various charging circuits.
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Figure 2. The charging circuit of the new Strobotac.

After the tremendous pulse of light,
the tube requires about 150 micro-
seconds to deionize. The voltage ap-
plied across the tube must remain under
80 volts during this deionization time, or
continuous conduction, called ‘“hold-
over,” will result. This necessary de-
ionization period limits the maximum
flashing rate of the stroboscope. Figure
1 illustrates the problem. The curves
labeled R-C and [L-C' represent the
cffects of charging the capacitor through
a resistor and an inductor, respectively.
The slopes required to keep the voltage
below the 80-volt deionization level
impose delays in reaching the firing
level, which in turn would restrict the
maximum flashing rates to 24,000 and
54,000 flashes per minute, respectively,
for the particular tube and voltages
used in the Tyrr 1538-A.

The answer to this problem is to hold
the voltage to zero for the deionization
period and then to raise it quickly to
the firing level.

The new circuit shown in Figure 2
provides an almost ideal charging curve
(labeled “Type 1538” in Figure 1).
During the 150-microsecond deioniza-
tion time after the strobotron has
flashed, the transistor, acting as a
switch, is saturated and the transformer
primary current increases, storing en-



Harmonic techniques extend the

usefulness of the Strobotac over

the entire avdio-frequency range.

Engineer here is watching speaker

motion through microscope while

adjusting flash-delay unit to pro-
vide phase control.

ergy in the transformer core. The volt-
age Induced in the secondary winding
during this build-up is blocked by the
diode rectifier, and no voltage appears
across the capacitor and strobotron
tube. At the end of this 150-micro-
second interval, the transistor is
switched off, and the primary current
goes to zero. The collapsing magnetic
field generates a reverse-polarity volt-
age in the secondary, causing the diode
to conduct and the stored energy to be
transferred to the capacitor. When the
energy in the transformer is zero, the
current again reverses and the diode
opens, leaving all the stored energy in
the capacitor. This transfer can be
made as fast as one wishes, and the
flashing rate can therefore be made to
approach the theoretical maximum. The
most important result of all this is an
increase in flashing rate to almost the
theoretical maximum. This was the
main objective of the circuit develop-
ment, but the fallout was almost as
valuable.

The transfer of energy from the
power supply to the intermediate stor-
age inductor and then resonantly to the
discharge capacitor can be made with

April 1966

an efficiency approaching 1009;. In the
conventional re charging circuit, how-
ever, one half the available energy is
dissipated in the charging resistor re-
gardless of the value of the resistor
(including zero ohms). The use of
inductive charging therefore saves the
power ordinarily dissipated in the
charging resistor and makes battery
operation practical. Moreover, the use
of a transformer as the inductive ele-
ment permits use of a low-voltage
transistor circuit to generate the high
voltage required by the strobotron tube.

A block diagram of the StroBoTAC i8
shown in Figure 3. A transistorized rc
oscillator sets the flashing rate. Once
each cycle, a transistor trigger circuit

OSCILLATOR STROBOTRON

S=kV
TRIGGER
+800V

FLIP-FLOP

K

200-us
MONOSTABLE

Figure 3. Block diagram of the Type 1538-A

Strobotac electronic stroboscope.

File Courtesy of GRWiki.org
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degrees from the Massa-
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- dio Company as a De-
velopment Engineer and
in 1960 became Leader

of the Industrial Group.
He is a Senior Member
of the IEEE and has
served on several IEEE
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generates a 5-kilovolt, 5-microsecond
pulse to trigger the strobotron tube.
In the time between these pulses, the
main discharge capacitor must be re-
charged. The monostable circuit, trig-
gered by the oscillator, generates a 200-
microsecond pulse, which saturates the
transistor switch, storing energy in the
transformer and allowing the strobotron
to deionize. At the end of the 200-
microsecond pulse, enough energy has
been stored to charge the capacitor
resonantly to 800 volts in an additional
200 microseconds. Thus, a maximum
flashing rate of 2500 per second is pos-
sible.

The average light output of a strobo-
scope varies directly with flashing rate
and discharge capacitance. The excep-
tionally wide flashing-rate range of the
Type 1538-A (1500 to 1) would mean a
drastic variation in light output if
only one discharge capacitor were used.
On the other hand, a continuously ad-
justable discharge ecapacitor with a
1500-to-1 range is obviously impracti-
cal. The compromise solution is to
switch in a different capacitor for each
of the four 6:1 speed ranges. The result-
ing capacitance variation is 216 to 1,
and this raises another design problem.

If the discharge eapacitor varies in
value over a 216-to-1 range, then, in the
resonant charging circuit discussed

earlier, either the inductance must also
vary by a facter of 216 or the current
must vary by a factor of 1/216 to supply
sufficient energy per cycle. Large coils
and 30-ampere currents were both un-
appealing, so another approach was
found.

On the lower-speed ranges, where the
discharge capacitance is higher, the
energy stored in the transformer is in-
sufficient to produce the 800-volt firing
potential. On these ranges the 200-
microsecond delay following the mono-
stable circuit generates a trigger pulse
200 microseconds after the end of the
monostable pulse to retrigger the mono-
stable circuit. Thus, a single pulse from
the oscillator starts a train of 200-
microsecond pulses in the monostable
circuit and its delay loop. Each of these
pulses stores energy in the inductor, and
this energy is repeatedly transferred
to the capacitor during the time be-
tween pulses. Each pulse raises the
capacitor voltage in a small step as
shown in Figure 4. This process con-
tinues until the capacitor is charged to
800 volts. At each step, a voltage pulse
equal to the capacitor voltage divided
by the transformer turns ratio appears
across the Zener diode on the trans-
former primary. When the capacitor

BOOT

VOLTS ——

150 ps

TIME==== @
Figure 4. Curve showing step voltage buildup
on charging capacitor.
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reaches 800 volts, the Zener diode volt-
age is exceeded and the flip-flop closes
the gate, breaking the feedback loop and
ending the pulse train started by the
oscillator. While this multiple-cycle
resonant-charging technique used on

April 1966

the lower ranges requires more time
than the single-cycle charge, a corre-
spondingly longer time is available in
which to recharge the capacitor.

— M. C. HoLmik

SPECIFICATIONS

Flashing-Rate Range: 110 to 150,000 flashes per
minute in four direct-reading ranges: 110
to 690, 670 to 4170, 4000 to 25,000, and 24,000
to 150,000 rpm. Speeds to over 1 million rpm
can be measured.

Accuracy: 1% of reading on all ranges after
calibration against line frequency.

Flash Duration: Approximately 0.5, 0.8, 1.2,
and 3 ws for high-to-low speed ranges, respec-
tivelv, measured at 14 peak intensity; for
single flashes with Type 1538-4 High- Intcn51ty-
Flash Capacitor, 8 us.

Peak Light Intensity: Typically 0.16, 1, 5, and 15
million beam candles (0.16, 1, 5, and 15 X 108
lux measured at 1 meter distance at the beam
center) for high-to-low speed ranges, respec-
tively; 44 million beam candles for slngie flash,

with Tyee 1538-P4 High-Intensity-Flash
Capacitor.

Reflector Beam Angle: 10° at half intensity
points,

Output Trigger: Greater than 6-V positive pulse
behind 400 Q.

External Triggering: Either a switch closure across
the input jack terminals, a 1-V, peak, positive
pulse, or a 0.35-V, rms, sine wave down to
100 Hz increasing to 3.5 V, rms, at § Haz.
Power Required: 100 to 125 or 195 to 250 V,
50 to 400 Hz, 15 W or 20 to 30 V dc, 12 W.
Accessories Supplied: Adjustable neck strap,
phone plug for input and output jacks, spare
fuses.

Accessories Available: Tyrr 1538-P2 Extension
Lamp, Type 1538-P3 Battery and Charger,
Typa 1538-P4 High-Intensity-Flash Capd(ltor
Type 1531-P2 Flash Delay, Tyres 1536-A
Photoelectrie Piekoff (for use ‘with Flash Delay ),
Type 1537-A Photoelectric Pickoff, and Tyre
1539-A Stroboslave.

Mounting: Flip-Tilt Case.

Dimensions: Width 1024* height 6%, depth
614 inches (270 by 170 by 160 mm), over-all.
Net Weight: 714 1b (3.3 kg).

Shipping Weight: 10 1b (4.6 kg).

* Includes handle.

Price
Catalog No. Description in USA
1538-9701 Type 1538-A Strobotac® electronic siroboscope $465.00
1538-9601 Type 1538-P1 Replacement Strobotron Lamp 15.00
1538-9602 Type 1538-P2 Extension Lamp 55,00
1538-9603 Type 1538-P3 Battery and Charger, with case 225.00
1538-9604 Type 1538-P4 High-Intensity-Flash Capacitor 75.00

Introducing the

STROBOSLAVE

Because it is widely used as a tacho-
meter, the conventional stroboscope
includes an oscillator and associated
electronic circuits necessary to adjust
the flashing rate over a wide range. A
purchaser who wants only to make
stopped-motion observations or photo-
graphs, with flashing rate under exter-
nal control, thus is forced to pay for
a capability that is of no use to him.
Therein lies the suggestion that a sim-

File Courtesy of GRWiki.org
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a diagnostic tool.

The reflector has been slipped off so that the

strobe lamp can probe the innards of the address-

ing machine. A photoelectric pickoff keeps the

flashes synchronized with the machine, while a

flash-delay unit allows the operator to scan the
motion throughout its cycle.

Using the Stroboslave as

ple stroboscope, designed solely for
external control, is needed. Enter the
STROBOSLAVE.

The Type 1539-A STROBOSLAVE is a
small, inexpensive stroboscope, in most
respects similar to the StroBorac. The
chief difference is that the STROBOSLAVE
has no internal flashing-rate control.
This means that it cannot serve as a
tachometer. For certain motion studies
and for high-speed photography, how-
ever, the STROBOSLAVE is every bit as
useful as its more sophisticated
brethren.

It has, in faet, several advantages
over the larger stroboscopes (in addition
to the price differential). Its lamp, at
the end of a five-foot cable, can be
either attached to the case or maneu-
vered close to the cbject being observed.
The case itself is small enough (214 by
5% by 414 inches) to be permanently
mounted on such machines as textile
looms, production tools, and printing
presses, where continuous stroboscopic
monitoring may cut costs substantially
by showing up defects in material or
goods produced.

The STrOBOSLAVE can be triggered
by a StroBoTAC, 4 TYPE 1537-A Photo-
electric Pickoff, a Type 1535-B Con-
tactor, or any device capable of supply-
ing a contact closure or a positive pulse
of a least 2 volts peak. An extremely
useful combination is the STROBOSLAVE,
Type 1531-P2 Flash Delay, and TyrE
1536-A Photoelectric Pickoff. With such
a setup, one can “stop’” motion, ob-
serve it throughout its cycle, and syn-
chronize a camera shutter with the flash.

Light duration, intensity, and flash-
ing-rate range are all the same as for
the Type 1531-A StroBorac. The
STROBOSLAVE operates from standard ac
power lines.

— M. C. HorriE

SPECIFICATIONS

Flashing-Rate Ranges: 0 to 700, 0 to 4200, 0 to
25,000 flashes per min on high-, medium-, and
low-intensity ranges, respectively.

Flash Duration: Approx 0.8, 1.2, and 3 us, meas-
ured at 14 peak intensity, for the low-, medium-,
and high-intensity ranges, respectively.

Peak Light Intensity: Typically 0.6, 3.5, and 11
million beam candles (0.6, 3.5, and 11 X 10¢
lux measured at 1-m distance at the beam
center), for low-, medium-, and high-intensity
ranges, respectively. For single flash, 18 million
beam candles.

Reflector Beam Angle: 10° at half-intensity
points.

10

Lamp, at end of five-foot cable, can be held in
hand as shown here or attached to case as
shown on page 9.

File Courtesy of GRWiki.org



External Triggering: Either a switch closure
across the input jack terminals or a 2-V (peak)
positive pulge.

Power Required: 100 to 125 or 195 to 250 V, 50
to 400 Hz, 16 W (max) at. 115 V.

Accessories Supplied: Phone plug for input,
mounting bracket.
Accessories Available: Type 1537-A Photo-
electric Pickoff, Tyer 1531-P2 Flash Delay
(with a Tyrr 1536-A Photoelectric Pickoff).
Dimensions: Width 214, height 534* depth
414 inches (64 by 215 by 105 mm), over-all.
Net Weight: 234 1b (1.3 kg).

Shipping Weight: 8 |b (3.7 kg).

* Without lamp attached.

Catalog Price
Number Description in USA
1539-9701 | Type 1539-A Strobo-
slave $165.00
1531-9604 | Type 1531-P4 Trigger
Cable (for use with Type
1531-A Strobotac) 15.00

April 1966

Putting extra light on the subject. With an elec-

tronic frequency counter going through a vibration

shake-table test, a Stroboslave is used to supple~

ment the light from the Strobotac. Smaller strobe is

triggered directly from output of Type 1538-A
Strobotac.

PHOTOELECTRIC PICKOFFS

There are now two photoelectric pick-
offs in the General Radio line: the
Type 1536-A,! which includes a light
source, and the new TypE 1537-A,
which does not. The latter is the less
expensive and is the recommended
pickoff for supplying a triggering pulse
directly to a Typre 1538-A STROBOTAC OT
a Type 1539-A STROBOSLAVE, assuming
that a source of bright light is available.
(A 1.1-watt No. 330 14-volt pilot lamp
at 14 inch is adequate. If the light
source cannot be placed near the object,
a reflector and lens can be used to focus
the light.) Where no adequate light
source is available, where extra sensi-
tivity is needed, or where the Tyrm
1531-P2 Flash Delay is desired for
phase control, the Type 1536-A Pick-
off is recommended. The Type 1536-A,
with flash-delay, is the recommended
pickoff for use with the Type 1531-A
STROBOTAC.

1“Using a Photocell W'here It Counts,” General Radio
Ezxperimenter, October, 1

The Type 1537-A Photoelectric Pickoff is identical

in appearance with the Type 1536-A. Only dif-

ference is tha! the Type 1536-A contains a light
source, the Type 1537-A does not.

Supplied with the Type 1537-A Pick-
off, as with the Type 1536-A, are a
C-clamp and a magnet, for easy mount-
ing on a variety of surfaces, and two
rolls of tape, one black and one silver.
Pieces of this tape can be affixed to the
edge of a shaft or wheel to produce
alternately reflective and nonreflective
areas to trigger the photocell, the choice
between black and silver tape depend-
ing on whether the surface is itself
reflective or nonreflective.

File Courtesy of GRWiki.org
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SPECIFICATIONS

Operating Rate: Greater than 2500 pulses/s.
Sensitivity: Effective irradiance must be at
least 6.0 mW /em? to switch on, less than 0.6
mW /em? to switch off, at 1 micron wavelength.
Power Required: 3 to 25 V de; 0 to 100 pA
depending on operating rate. Power is supplied
by instrument with which it is used.
Accessories Supplied: 10-ft roll of 34-in black
tape, 10-ft roll of 34-in silver tape, carrying
case.

Mounting: C-clamp (capacity 134 in, flat or
round) or 114-in magnet, both supplied.

Dimensions: Pickoff head, 11{-in dia, 2 in long.
Linkage consists of two &4-in diameter stainless-
steel rods, 6 and 614 in long, and adjustable
connecting clamp. Cable is 8 ft long, terminated
in phone plug.

Net Weight: 115 1b (0.7 kg).

Shipping Weight: 415 |b (2.1 kg).

Catalog Price
Number Description n USA
1537-9701 | Type 1537-A Photo- |
electric Pickoff $65.00

SEMINAR IN HIGH-SPEED PHOTOGRAPHY

A one-week seminar on the scientific
and engineering uses of high-speed
photography will be held at the Strobo-
scopic Light Laboratory of the Massa-
chusetts Institute of Technology, July
25 to 29. Mornings will be devoted to
theory and demonstrations, afternoons
to laboratory practice. Subjects to be

covered include pulsed stroboscopic
lighting, optical high-speed cameras,
Kerr cells, Faraday shutters, image con-
verters, etc. For more information,
write to:

Office of the Summer Session

MIT, Room E19-356

Cambridge, Massachusetts 02139
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Figure 1. View of the terminations described
in this article.

Calibration Standards for Precision
Coaxial Lines

TYPE 900-WR STANDARD MISMATCHES

In a coaxial line, as in any
uniform, distributed-parameter sys-
tem, it is the terminating impedance
that determines the reflection that
occurs when an  electromagnetic
wave traveling down the line reaches
the far end. From the magnitude and
phase of the reflection, the nature
of the terminating impedance can
be deduced, and coaxial-line meas-
urement devices are based on this
principle.

As with any measuring system,
standards of calibration are neces-
sary to ensure accuracy of meas-
urement. The standard terminations
described here fill this need and
are recommended for the calibra-
tion of slotted lines, bridges, im-
pedance plotters, fixed- and swept-
frequency reflectometers, and time-
domain reflectometers.

These broadband mismatches are
standards of wvswr, for use in the
calibration of slotted-line systems, re-
flectometers, and other vswr and

reflection-coefficient measuring devices
The Tyrrs 900-WR110, -WRI120 and
-WRI150 Standard Mismatches intro-
duce vswr’s of 1.1, 1.2, and 1.5, respec-
tively, and each of these units exhibits
nearly uniform vswr characteristics
from de to 8.5 GHz. (See Figure 2.)
Flach unit comprises a 50.0-ohm GRY00
Precision Coaxial Connector, a low-
reflection eontinuous transition, and
a precision cylindrical resistor. The
position at which the mismateh is
introduced into the 50.0-ohm system is
approximately 4 em behind the refer-
ence plane of the GRY00 Connector.
The terminating elements are highly
stable, deposited-metal-film resistors
with de resistances of 45.45, 41.67
and 33.33 ohms, respectively, =40.39.
Calibration charts supplied with each
unit give the measured resistance at
de and at five points in the fre-
quency band. NBS calibration services
are also available to 4 GHz with uncer-
tainties of vswr measurement from
+0.005 at 1 GHz to +0.010 at 4 GHz.
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Figure 2. Average mismatch VSWR of sample lots. Spreads in the measured data are shown at 1, 3, 5,
and 8 GHz. Measurement accuracy is better than +0.003 for the Type 900-WR110, +0.005 for the
Type 900-WR120, and +0.010 for the Type 900-WR150.

APPLICATIONS
Direct RF Calibration of Slotted-Line Systems

Many factors contribute to inaec-
curacy in the measurement of vswr
with a slotted-line system. Uncertainty
in the detector response law, calibration
accuracy of the indicating instrument,
residual vswr and probe reflections in
the slotted line — all of these introduce
varying effects that are dependent on
the magnitude of vswr being measured,
the frequency of operation, and the
nature of the instruments. The Tyre
900-WR Standard Mismatches offer
a simple means of establishing directly,
at the measurement frequency, the
over-all system accuracy.

Iigure 3 shows the standing-wave
patterns of design-center mismatches at
vswr levels of 1.1 and 1.2, measured
at 7 GHz with the Tyre 1640-A Slotted
Line Recording System.!

1 A, E. Sanderson, '"A Slotted Line Recorder System,"
“Reference Air Lines for the GRO00 Series,” and ""New
Coaxial Tuner with Neutral Setting," General Radio Ex-
perimenter, January 1965.

Calibration of Frequency-Domain Reflec-
tometers

The Tyee 900-WR Standard Mis-
matches are well suited for the vswr
calibration of swept-frequency reflec-
tometers and impedance plotters based
ondirectional couplers, hybrid junctions,
magic tees, or rf bridges. Calibration
through GR900 Connectors offers the
greatest accuracy; however, the use of
the Tvyee 900-Q Adaptors makes it
possible to calibrate measuring devices

Figure 3. Standing-wave patterns

of Types

900-WR110 and -WR120 Standard Mismatches

as measured at 7GHz with a Type 1640-A
Slotted Line Recording System.
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equipped with many other types of
connectors.

The Tyee 900-WR110 Mismatch is
particularly useful for the calibration of
fixed-frequency reflectometers where
the residual reflection errors of the
measuring instruments are tuned out.
As an example, Figure 4 is the block
diagram of a fixed-frequency reflee-
tometer system built around a hybrid
junction in which the error signal is pro-
portional to the reflection coefficient
of the unknown being measured. This
system provides full-scale vswr indica-
tions of 109;, 19, and even 0.19,.*

The calibration procedure for this
system is as follows:

(a) A Type 900-W50 Standard Ter-
mination is connected to the unknown
port of the hybrid junction and the
impedance-matching tuner (Type 900-
TUA") is adjusted for a null in the
detected signal. This makes the instru-
ment residual reflection equal in magni-

* VSWR in percent is given by (VSWR - 1) X 100.
| Ihid

! Sanderson, A. E., “ Calibration Techniques for One- and
T'wo-Port Devices Using Coaxial Reference Air Lines as
Absolute I'mpedance Standards,' presented at the ISA
19th Annual Conference and Exhibit, 1961; available
from General Radio Company as Technical Publication

May 1966

MATCHED
TERMINATION
7 [EESOEWS0 Figure 4. Fixed-frequency
b reflectometer for measuring
A VSWR's below 1.1.
TYPE 900-WRII0
STANDARD
MISMATCH
N
B
L

tude to the residual reflection of the
termination. Thus, the accuracy of the
measurement is directly dependent on
the accuracy of the termination. (High-
ly accurate calibration techniques for
determining the termination accuracy
are described by Sanderson.?)

(b) The Type 900-WR110 Standard
Mismatch (vswr = 109;) is connected
in place of the matched termination,
and the signal level is adjusted for full-
scale indication on the meter of the
Type 1216-A Unit I-I* Amplifier in the
Type DNT Detector.

The unknown to be measured is now
connected in place of the standard mis-
match, and its vswr is read directly
from the linear scale of the i-f amplifier
meter. If the setting of the amplifier
attenuator switch is reduced by 20 dB,
the full-scale vswr becomes 195, and,
for 40-dB reduction, the full-scale
vswR becomes 0.19;. The assumption
that the linear scales apply is not
rigorously true, since the relationship
between vswr and reflection coefficient
is not a linear one. However, for
vsWR's up to 1097, the error is less than
1/20% of the indicated vswr in per-
cent.
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SPECIFICATIONS

TYPE 900-WR110 STANDARD MISMATCH
Frequency Range: DC to 8.5 GHz.
Mismaich VSWR

Up to 1 GHz: 1.1000 = (0.0055 4+ 0.0110 fom.).
1 to 8.5 GHz: 1.1000 £ (0.0115 + 0.0050 fan,).

DC Resistance: 45,45 @ +0.3%.
Leakage: Better than 130 dB below signal.

Maximum Power: 1 W with negligible change;
5 W without damage.

Temperature Coefficient: Less than 150 ppm /°C.

Dimensiens: Length, 2 in (51 mm); maximum
diameter, 1145 in (27 mm).

Net Weight: 315 oz (100 g).

Catalog Price
Numiber Deseription in USA
0900-9961 | Type 900-WR110 $60.00

Standard Mismatch

TYPE 900-WR120 STANDARD MISMATCH
Same as Type 900-WRI110 except:
Mismatch VSWR
Upto1 GHz: 1.2000 =+ (0.0060 + 0.0120 fona).
1i08.5 GHz: 1.2000 £ (0.0125 + 0.0055 fgHa).
DC Resistance: 41.67 & +0.3%,.

Catalog Price
Number Description in USA
0900-9963 | Type 900-WR120 $60.00

Standard Mismatch

TYPE 900-WR150 STANDARD MISMATCH
Same as Type 900-WRI110 except:
Mismatch VSWR
Upto 1 GHz: 1.5000 % (0.0075 + 0.0150 foHz).
110 8.5 GHz: 1.5000 &£ (0.0155 + 0.0070 foma).
DC Resistance: 33.33 @ +0.39.

Catalog Price
Number Description in USA
Type 900-WR150 $60.00

0900-9965 |
Standard Mismatch

TYPE 900-W STANDARD TERMINATIONS

These broadband resistive termina-
tions are standards of impedance, which

can be used to calibrate swept-
frequency impedance-measuring sys-

tems, impedance plotters, slotted-line
systems, bridges and time-domain re-
flectometers.

In contrast to the Type Y00-WR
Standard Mismatches, the Standard
Terminations are calibrated in phase
as well as magnitude; that is, the posi-
tion of the standard resistance with
respect to a reference point in the con-

terminations, therefore, find their great-
est use in the calibration of impedance-
measuring systems, although they are
also standards of vswg.

The Tyees 900-WI100 and -W200
Standard Terminations are 100- and
200-ohm terminating resistances for
a 50.0-ohm system. The resistances
introduced remain very nearly equal
to their de¢ resistances over the fre-
quency band from de to 8.5 GHz, as
illustrated in Iigure 5. These units are
similar in construction to the Tyre

nector is accurately known. These 900-WR Standard Mismatches.
210z
g [} I T i ] I+ 1 T | i T ]
éIOD = — il
= L — 5
£ 98- TYPE 900-WIOO (100 OHM)> Figure 5. Average r.e-
=z B (R | A [ | | | | e | ] sistance of 25 wunits
i 960 : = . A = P z 5 ° each of Type 900-
FREQUENCY- GHz W100 and Type 900-
0 W200. Spreads in the
F L I I T T | T T I measured dala are
S 200 — shownat1,3,5 and 8
}:,‘ = — . - —| GHz. Measurement ac-
i th v
§I95 TYPE ?Oo]wzﬂo 200 °1HW| l o racy is better than 1%
@ | | | | | b ]
B9 [ 2 3 4 5 6 7 8 9
FREQUENCY - GHz [erw2E]
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GRSO0 REFERENCE PLANE

*— EFFECTIVE POSITION
OF TERMINATION

4.00 cm———

—

| ===l

The reference plane at which the
termination is introduced into the 50.0-
ohm system is 4 ¢m behind the reference
plane of the GR900 Connector, as
shown in Figure 6. Calibration charts
supplied with each unit include meas-
ured data on the position at which the
resistance effectively appears in addi-
tion to the measured resistance at de
and at 5 points in the frequency band.

APPLICATIONS

Calibration of Slotted-Line and Reflec-
tometer Systems

The Tyre 900-W Standard Termina-
tions, like the Tvypr 900-WR Standard
Mismatches, are used to perform direct
rf calibration of slotted-line systems.
At the 100-ohm and 200-ohm levels
(mismatches of 2 and 4, respectively),
the errors introduced by variations in
the detector-response law, uncertainties
in the indicator calibration, and, most
important, probe reflections in the
slotted line can be appreciable. The
Tyre 900-W Terminations permit a
rapid, yet accurate, test of a system’s
performance, without the necessity of
time-consuming check-out procedures.

Figure 6a. Average position behind GR900
Connector reference plane at which resistance
is applied for the units of Figure 5,

Figure 6b. Sketch showing relation of termina-
tion position and reference plane.

Similarly, with reflectometer systems,
these standard terminations provide
important ealibration points. Since the
terminations are calibrated in both
magnitude and phase, they are most
useful in the calibration of complex
reflection-coefficient measuring instru-
ments such as automatic impedance
plotters. Because of the phase ealibra-
tion of the terminations, they can be
combined with sections of precision
air line to produce many known com-
plex impedances. For example, a Typrk
900-W100 Termination in combination
with a G-cm air line produces (at the
air-line input connector mating plane)
an impedance of 40.0 — j30.0 ohms at
frequencies given by

1
3 (——;ﬂ) GHz and 40.0 4 j30.0 ohms

e K 3+ 4n
at frequencies given by 3 (T)GHZ,

where n is zero or a positive integer.
The Typre 900-L Precision Air Lines
and the Tyes 900-LZ Reference Air
Lines' are recommended for such ap-
plications.

UIbid,
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Figure 7. Correction term, K, for the 4-cm

difference between the GR900 Connector refer-

ence plane and the effective position of the
resistance.

Calibration of Bridges

The Tyre 900-W Standard Termina-
tions are used to calibrate bridges in
much the same manner as deseribed for
slotted lines and reflectometers. For
some bridges, the termination reference
plane 4 em away from the GR900

Connector mating plane may not be
the most convenient reference plane to
use. Below about 200 MHz, however,
the resistive component of the im-
pedance presented at the connector
reference plane departs only slightly
from that presented at the 4-cm refer-
ence position. This resistance (at the
GRO00 Connector reference plane) is
given as a function of frequency, ap-
proximately, by:

rafi- (o) (2] )]

= R(1 — K)
where R is the calibrated dec resistance
of the termination in question and f
is the frequency in GHz.

The correction term

(D (] )

is a result of the distributed capac-
itance of the 4-cm length of line
between the two reference planes and
is plotted in Figure 7 for resistances of
100 and 200 ohms.

SPECIFICATIONS

TYPE 900-W100 100-OHM STANDARD
TERMINATION

Frequency Range: DC to 8.5 GHz.

DC Resistance: 100 @ £0.39.

RF Resistance

Up to 1 GHz: 100.00 = (0.50 + 1.00 fom)

1 to 8.5 GHz: 100.00 = (1.05 + 0.45 fon:)
Position at Which Resistance Specification Applies
Up to 2 GHz: (4.00 +0.05) em beyond the
GRY00 Connector reference plane.

2 to 85 GHz: (4.02 — 0.01 fom, =+ 0.05) em
beyond the GR900 Connector reference plane.
Leakage: Better than 130 dB below signal.
Maximum Power: 1 W with negligible change;
5 W without damage.

Temperature Coefficient: Less than 150 ppm /°C.
Dimensions: Length, 2 in (51 mm); maximum
diameter, 1l4; in (27 mm).

Net Weight: 315 oz (100 g).

‘atalog Price
Number Deseription in USA
0900-9957 | Type 900-W100 $60.00

100-Ohm Standard
Termination

TYPE 900-W200 200-OHM STANDARD
TERMINATION
Same as Type 900-W100, except:
DC Resistance: 200 Q +0.39.

RF Resistance
Up to 1 GHz: 200.00 & (1.00 + 2.00 fom:)
1te 7 GHz: 200.00 & (2.10 4+ 0.90 fgrz)
+ 8.40
7 to 8.5 GHz: 200.00 or
— (8.40 4- 7.20 [fam.—7])
Position at Which Resistance Specification Applies

Up to 2 GHz: (400 + 0.05) em beyond the
GR900 Connector reference plane.

2108.5 GHz: (4.04 — 0.02 fgg, + 0.05) em be-
yond the GR900 Connector reference plane.

Catalog Price
Number Description in USA
0900-9959 | Type 900-W200 $60.00

200-Ohm Standard
Termination

| File Courtesy of GRWiki.org
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TYPE 900-WN4 PRECISION SHORT-CIRCUIT TERMINATION

The Type 900-WXN4 Short-Circuit
Termination presents a low-loss short
circuit 4.00 em beyond the reference
plane of its GR900 Connector reference
plane. The reflection coefficient intro-
duced at the actual short-circuit plane
is greater than 0.999, and that intro-
duced at the connector reference plane
is greater than 0.996.

APPLICATIONS

This short circuit is used with the
Tyre 900-WO4 Precision Open-Circuit
Termination (described below) to estab-
lish short- and open-circuit reference
planes coincident within 0.02 em over
the frequency range from de to 8.5 GHz.
The reference planes so established are
useful in direct impedance measure-
ments, in loss measurements based on
reflection measurements, in the calibra-
tion of reflection-coefficient measuring
instruments, and, generally, in the
measurement of the scattering coeffi-
cients of multiport coaxial devices,

Since its 4.00-cm reference plane co-
incides with those of the Tvyrrs 900-
W100 and —W200 Standard Termi-
nations, the Tyepe 900-WN4 can be
used in conjunction with these termina-
tions for the ecalibration of bridges.
slotted-line systems, ete.

Figure 8 illustrates the calibration
levels obtainable with the Tyres 900-

z |
1 669
w
H
: =
2 ——
2 PR el LU Fasir s K B AT
8670558 0.l 0.2 a5 10
FREQUENCY - GHz E e

Figure 9. Inductance presented at the GR900
Connector reference plane of the Type 200-WN4
Precision Short-Circuit Termination.

—900-W04 (I'=+100)

—900-W200 (T'=+0.60)

4e —900- WI00 (I'=+0.33)

»—900-w50 (I =0)

—900-WN4(T'= -1.00)

F00-W-37

Figure B. Multiple exposure of time-domain-
reflectometer traces for the various GR900
terminations at the end of a length of 50-ohm
air line.

WR, 900-W, 900-WN4 and 900-WO4
Standards. All these units are recom-
mended for the calibration of time-
domain-reflectometry systems.

Since the Tyre 900-W N1 comprises a
single section of uniform transmission
line with no disturbances or dielectric
supports between the short circuit and
the connector reference plane, it is a
caleulable inductance standard of high
acceuracy. This is particularly true at
frequencies above about 50 MHz, where
the current flows primarily in the silver
overlays on the conductive surfaces.
Figure 9 is a plot of the calculated
inductanee at the connector reference
plane for frequencies above 50 MHz
based on a conductor resistivity of 1.7
microhm-cm, which is typical for the
conductors of the Tyre 900-WN4.

SPECIFICATIONS

TYPE 900-WN4 PRECISION SHORT-CIRCUIT
TERMINATION

Frequency Range: DC to 8.5 GHz.

Reflection Coefficient: (ireater than 0.996 at
the GRY00 Connector reference plane.
Location of Short Circuit: +.0040.01 em beyond
the GRY00 Connector reference plane.
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Characteristic Impedance of Internal Coaxial
Line: 50.0 2+ 0.0659%; at frequencies where skin
effect is negligible.

Leakage: Better than 130 dB below signal.

Dimensions: Length, 2 in (51 mm); maximum
diameter, 114 in (27 mm).

Net Weight: 4 oz (120 g).

Catalog Price
Number Description in USA
0900-9975 | Type 900-WN4 Preci- $40.00

sion Short-Circuit
Termination

TYPE 900-WQO4 PRECISION OPEN-CIRCUIT TERMINATION

The Typr 900-WO4 presents an open
circuit 4.0 ¢m beyond the GR900 Con-
nector reference plane over the full
de-to-8.5-GHz frequency range, as illus-
trated in Figure 10. Compensation for
the frequency-dependent fringing capac-
itance of the open-ended inner con-
ductor is accomplished by means of a
small disk on the inner conductor tip.

APPLICATIONS
As a capacitance standard, the Tyrr
000-WO4 presents a capacitance at its
connector reference plane that is given
approximately by

drf
tanﬁ
= =~ =1
T\ Ty
15
= Co (1 + K)

where the capacitance C, is a result of
the 4-em length of line between the
effective open-circuit reference plane
and the connector reference plane and
f is the frequency in GHz. The capaci-
tance €, has a nominal value of 2.673
picofarads. The correction term

4
tan ﬂ

1} 15
B Ty

15

Figure 10. Average posi-
tion behind GR900 Con-

is a result of the distributed nature of
the capacitance, which has an appre-
ciable effect at frequencies above 70
MHz. The correction term K is plotted
in Figure 11.

As an open-circuit termination for
the Typr 900-LZ Reference Air Lines,
the Typr 900-WO4 provides support for
the inner conductors of the air lines.
Since the effective reference plane of
the Typre 900-WO4 Open Circuit is
coincident with that of the Tyer
900-W N4 Short Circuit, these two units,
alone or in conjunction with the Typre
900-1.Z Reference Air Lines, form a
series of accurate conjugate-reactance
standards, which can be used in the
calibration of impedance-measuring de-
vices. I'urther, the reference plane of
the Tvyee 900-WO4 is coincident with
those of the Typms 900-W100 and
-W200 Terminations within 0.06 em to
2 GHz and within 0.20 em to 8.5 GHz.

Combinations of the Tyem 900-WO4
Open-Circuit and the Type 900-LZ Air
Lines also make an accurate series of
incremental capacitance standards for
use at audio and at the lower radio
frequencies. Fringing capacitance at

Baol — I | \ | | 1 I T
nector reference plane at | B =
which open circuit is ap- 2400
plied. Data are based on 25 %399 B | e ] II | ! “—'-F =
units. Spreads are shownat a7770 . 4 5 3 8 E

FREQUENCY- GHz [22czn=g]

2.5, 5.5, and 8.5 GHz.

10
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the measuring-instrument terminals is
eliminated when the Tyrm 900-WO4
is used to establish the initial condi-
tions. The agreement between caleu-
lated ecapacitance and measured capa-
citance at 1 kHz for a 10-picofarad
(15 em) Tyrr 900-LZ15 Reference Air
Line is better than 0.059,. The GR900
Connector repeatability at 1 kIlz is
better than 0.001 picofarad.

— T. E. MacKENzZIE

May 1966

Thomas E. MacKenzie
received his BSEL and
MBS in Physics in 1958
and 1963, respectively,
from Northeastern Uni-
versity. From 1954 to
1962, he was an engineer
at Alford Manufacturing
Company. As a develop-
ment engineer in  the
Microwave Group at
General Radiosince 1962,
his work has been in the
development of micro-
wave Instruments, com-
ponents, and standards.

SPECIFICATIONS

TYPE 200-WO4 PRECISION OPEN-CIRCUIT
TERMINATION

Frequency Range: DC to 8.5 GHz.
Reflection Coefficient: Greater than 0.996 at
the GRI00 Connector Reference Plane.
Location of Open Circuit: 4.00 £ 0.01 ¢m beyond
the GR900 Connector reference plane.
Capacitance at GR900 Connector Reference Plane:
2.673 pF £+ 0.3%, de¢ to 70 MHaz.
Characteristic Impedance of Internal Coaxial
Line: 50.0 24+ 0.19 at frequencies where skin
effect is negligible.
Leakage: Better than 130 dB below signal.
Dimensions: Length, 23{ in (59 mm); maximum
diameter, 114 in (27 mm).
Net Weight: 4 oz (120 g).

Price
n USA

$40.00

Catalog
Number

0900-9985

Description

Type 900-WOQO4 Preci-
sion Open-Circuit
Termination

1]

S
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Figure 11. Correction term, K, for Type 900-WO4
Open-Circuit Termination.

Publications

PULSES — Instrument Note IN-108,
“Generation and Detection of Modu-
lated Pulses,” by Dr. Gordon R.
Partridge, of GR’s Development En-
gineering Department, discusses the
characteristics of pulse-position, pulse-

amplitude, pulse-duration, and pulse-
code  modulation and  describes
equipment and methods for their gen-
eration and detection.

Reprints are also available of recent
technical articles by GR engineers:

Number | Author ' Title | Published in
Al123 | W. G. Howard “Simple Methods of Voltage-to- Frequency, September/Oc-
Frequency Conversion” tober, 1964
Al24 | H. T. McAleer “Unique requency Multiplier” Frequency, May /June, 1964
A126 | A. 5. Sanderson | “How to Measure Source Impedance | EEE, November, 1965

with a Slotted Line”
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Measurements of Dielectric Materials with the
Precision Slotted Line

The slotted line has long been
recognized as a fundamental tool
for measuring the dielectric prop-
erties of materials at high frequen-
cies. In principle, the measuring
technique is simple: fill a section of
coaxial line with dielectric material,
determine the propagation constant
of the filled section of line from the
phase and magnitude of the reflec-
tion introduced, as determined by
measurement of standing-wave ra-
tio on the slotted line, and calculate
the dielectric constant and loss
tangent from the propagation con-
stant.

For valid measurements, there are
needed (1) an accurate slotted line,
(2) sections of air line usable as
sample holders, and (3) low-reflec-
tion, low-loss, coaxial connectors.
These are all now available in the
GRP00 series, and the accompany-
ing article tells how to use them.

The low and repeatable vswr and
the low loss of the GR900 Precision
Coaxial Connector make possible the
use of GR900 equipment for the accu-
rate determination of dielectric con-
stant and loss tangent. No specialized
dielectric measuring apparatus is
necessary.

The measuring device is the Typrk
900-LB Precision Slotted Line.! The
combination of a Tyes 900-LZ Refer-
ence Air Line? and a Tyer 900-WNC
Short Circuit makes a convenient sam-
Ly ST Ol oSl
2 A, E. Sanderson, * Reference Air Lines for the GRS00
Series,” General Radio Experimenter, January 1965,

3 For example, A. von Hippel, Dielectric Materials and
Applieations, Technology Press of MIT, 1954.

ple holder for solid dielectrics. The
error introduced by the inclusion of
the GR900 Connector bhetween the
sample and the point of measurement
1s negligible for most purposes.

The dimensions for a cylindrical
sample of solid dielectric are shown in
Figure 1. The total length of the sample
may be made up of a number of pieces
and may be equal to or less than the
length of the sample holder. There
should be no gaps between the individ-
ual pieces. The accuracy of the meas-
urements will depend upon the precision
with which the diameters are machined.
A light press fit of the sample against
the inner and outer conductors is
desirable, but too tight a fit may
damage the Typr 900-LZ Reference Air
Line. For accurate loss-tangent meas-
urements of a very low-loss material, the
length of the sample should be selected
by the procedure described below under
Effect of Contact Resistance.

Standard lengths of Typr 900-LZ
Reference Air Lines (5 cm, 6 cm, 7.5 cm,
10 em, 15 cm, 30 em) will meet most
needs. If other lengths are needed, they
can be constructed from Typr 0900-
9508 rod, Tyre 0900-9509 tube, and
Typr 900-AP Connector Kits.

THEORY

The measurements that will be con-
sidered here are those of nonmagnetic
materials in a short-circuited sample
holder. Other types of measurements
are described in various references.?

If a coaxial line containing a dielectric
sample is short-circuited at its far
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a,SAMPLE DIMENSIONS

NOTE: .
DIMENSIONS IN INCHES. 0.5625 o
TIR = TOTAL INDICATED RUNOUT. o
0:24425 2" g
0.005 TIR MAX
OUTER CONDUCTOR QJJE’&NC\
£% 7
e
DIELECTRIC .~ \ \ \ \
SAMPLE
™~ i 7
OR 3 iiﬂ e \mmsn CONDUCTOR
/__f‘] b. SAMPLE IN HOLDER
DIELECTRIC_ | —
SAMPLE . \\\\\ \ Figure 1. Dimensions and installa-
— tion of dielectric sample.
end, the relationship between the +-19%,. The simplified equations are:

propagation constant, v, of the dielec-
trie-filled line and the standing-wave
ratio, S, and wavelength, A, in an
attached air-filled section of the line is:

1 . _2nX,
—— an
tanh yd S’ IR
e PR 2rX, 2rd
It
K % (1)*

where X, = the distance from the face
of the dielectric sample to the first
voltage minimum in the air-filled line,

d = the length of the sample,
Ao = the wavelength in the air-
filled line,

S = the standing-wave ratio
in the air-filled line.

This equation can be separated into
its real and imaginary parts and, if
tan § (the loss tangent) is less than 0.1,
simplified with results accurate within
4T, W. Dakin and C. N. Works, “Microwave Dielectric

Measurements,” Journal of Applied Physics, September
1947, p 789.

A 21X,
tan gd _ o e Ao (2)*
Bd 2rd
where 8 = phase constant, and
27X, (3)*
I P
_ B, 1 =

27d S Bd(1 4 tan®Bd) — tanpd
where a = attenuation constant.

If the frequency and sample length
are chosen so that X, = 0, then tan
Bd = 0 and Bd = Nr, where N, is the
number of half wavelengths in the
sample. The equation for ad then
becomes:

TG ol
ad = 5 S (4)

From a knowledge of a and g8 in the
dielectric-filled line, the relative dielee-
tric constant, e, and the loss tangent,
tan 8, can be calculated. For the TEM
mode in a coaxial line:

File Courtesy of GRWiki.org
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A2,
& =— (8 — o), (5)
472
203
and tand = el (6)

If «? is small compared with 82, as is
the case when tan § is less than 0.1,
equations (5) and (6) simplify, for
samples that are an integral number of
half-wavelengths long, to

2 2 ! r
s i (1\““), @

472 2d
2a v |
and tané oy (8)

For small values of ‘lq (high standing-
wave ratio) it is more accurate to
determine %
method rather than by direct measure-

by a width-of-minimum

1
ment. 3 is related to the voltage at

,

. AX o
point X, a distance = from the mini-

If AX is the distance between points
where the power is twice that at the
minimum (3.01-dB points), then:

1 sin 6
S (2 — cos™) ¥

For small wvalues of 6, (<0.075
radian), sin # =6 and cos # = 1 are
close approximations. Then:

1 =g TrAX’
Ao

(10)

(11)

71|

AX
and tané = —.
d

If the minimum is very narrow it may
be desirable to use points more widely
separated, such as the 10-dB points. In
that case, for small ¢

(12)

l bt aAX (13)
P '
AX
d 0 =—.
and tan = (14)

MEASURING PROCEDURE

(1) Insert the sample into the refer-
ence air line flush with one end and
with no spaces between the pieces in the
sample.

(2) Attach the Tyee 900-WNC Short
Circuit so that it is in contact with the
sample, as shown in Figure 1b.

(3) Connect the sample holder to
the measuring setup (Figure 2), con-

mum by

1 sin g

T (9)

S E 2 B2

Sz
— cos
Emin
TAX
where 8 = %
0
TYPE 1267-A __ _DEVECTOR-TYPE DNT__ __
POWER SUPPLY  yuNIT r ]
OSCILLATOR

TYPE 874-R22LA
PATCH CORD

Figure 2. Setup for di-

electric measurements.

TYPE 874-FL

LOW-PASS FILTER
TYPE 874-GIOL
ATTENUATOR
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TYPE 900-LB SLOTTED LINE
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sisting of the Type 900-LB Slotted
Line, a Tyrpe DNT-3 or DNT-4 Hetero-
dyne Detector, and an appropriate
generator, such as a GR Unit oscillator.
A Type 874-G Fixed Attenuator or
an isolator should be used between
the generator and the slotted line.
An amplitude-modulated source and
a standing-wave indicator can be used
if the frequency modulation of the
source is kept very small.

(4) Adjust the frequency so that a
voltage minimum occurs at the face of
the dielectric sample, whether or not
the sample completely fills the length
of the holder. To do this, compare the
positions of the minima first with the
sample holder (containing the sample)
on the Type 900-LB Slotted Line and
then with a Type 900-WN Short
Circuit on the slotted line. Then adjust
the frequency until the proper relation
exists between the minima. For exam-
ple, if the sample completely fills the
Tyen 900-LZ Reference Air Line, the
minimum position with a Tyrr 900-WN
or -WNC Short Circuit connected to
the slotted line should be the same as
when the sample is connected to the
slotted line. If measurements must be
made at a certain frequency, then it is
necessary either to adjust the length
of the sample or to use equations (2)
and (3) with X, not equal to zero.’

(5) Once the frequency is properly
adjusted, proceed as follows: Record
the position and width of the minimum
at two places along the slotted line (one
of them near the load end), preferably
separated by 20 centimeters or more.
Measure the width of minimum with
the micrometer carriage drive. Count

tan X

tanh X
X X

and tables of

5 A. von Hippel gives charts of
and suggests further references,
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the number of half wavelengths be-
tween the two minima (distance be-
tween adjacent minima is A\,/2). Then
remove the sample from the holder,
attach the empty sample holder to the
line, and record the position and width
of a minimum near the load end of the
slotted line.

INTERPRETATION OF DATA

With the sample in place, the re-
sulting width of minimum is determined
by loss in the dielectric, loss in the sam-
ple holder, and loss in the slotted line up
to the point of measurement. The width
of minimum at a second point along the
slotted line is increased by the loss in
the slotted line between the two points.
The width of minimum, with the sample
holder empty, is determined by the
losses in the sample holder and in the
slotted line to the point of measurement.
In order to determine the loss tangent
of the dielectric, it is necessary to sepa-
rate the dielectric loss from the other
losses. Call AX;, the width of minimum
at position l;; with the sample in place,
AX., the width of minimum at position
lss, and AX,;, the width of minimum at
position &4, with the sample holder
empty. Then the width of minimum
due to loss in the dielectric is given by:

lll > lls

AXg = AX,—AX, — m

(AXa — AXy,). (15)

This width of minimum can be used
in equation (12) or (14) to determine
the loss tangent. The dielectric constant
can be found from equation (7). If
the approximate dielectric constant is
unknown, then measurement at two fre-
quencies will be necessary since Ny
will not be known.

File Courtesy of GRWiki.org
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Example: A Teflon* sample 15.00
centimeters long is measured. It is
found that a voltage minimum occurs
at the sample face when the frequency
is adjusted so that A, = 21.34.

N \2
Then from equation (7) & = (‘27) =

N, 21.34\? 5 ; s

(f) . The dielectric constant is
2(15.00)

known to be approximately 2. There-

2(21.34))2
2(15.00)/
2.024. Since the minimum is very nar-
row, the 10-dB width-of-minimum
points are used. The width of minimum
at I, = 21.34 i3 0.1004 ecm. The width
of minimum at l;; = 42.68 is 0.1518 cm.
With the sample holder empty, the
width of minimum at [, = 17.01 1is
0.0788 cm. Then the width due to
losses in the sample is found from
equation (15) as

AX4=0.1004—0.0788—

fore, Ny =2 and ¢ = (

(21.34 —17.01)
(42.68 —21.34)
(0.1518 — 0.1004) = 0.0110.

F ation (14), tan 6 Ll
rom equation AT e =—
1 / 3(15.00)
0.00024.

Note that if a lossy material is meas-
ured (tan § >0.1), equations (2) and (3)
are no longer valid and equation (1)
must be solved.*

FREQUENCY RANGE OF MEASUREMENT

The lowest frequency at which meas-
urements can be made is determined by
the dielectric constant of the material
being measured and by the necessity
that at least one minimum occur along

* DuPont trademark.
4 [bid.

s W. B. Westphal, "Techniques at Measuring the Per-
mittivity and Permeability of Liquids and Solids in the
Frequency Range 3 ¢/s to 50 kMe/s,” Technical Repor:
No. 36, Laboratory for Insulation Research, M.LT.,
July 1950. (Out of print)
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the slotted line so that its position and
width can be measured. Typrz 900-L10,
-L15, and -L30 Precision Air Lines can
be used between the sample holder and
the slotted line to position a minimum
on the slotted line at low frequencies.
If these additional air lines are used
they should be externally supported.
Sample holders up to 66 centimeters
long can be constructed for low-fre-
quency use. The sample can be made
shorter than a half-wavelength and
equations (2), (3), (5), and (6) used to
determine the dielectric constant and
loss tangent. With these methods,
measurements can be made down to 50
MHz or even lower.

The upper frequency limit for the
Tyre 900-LB Slotted Line is 8.5 GHz,
but special precautions should be taken

. : 9.5 GH
at frequencies higher than a\/—_z as
€

noted in the paragraph Existence of
Higher-Order Modes.

Sample Fit ERRORS

One of the most common sources of
error in dielectric measurements by
the coaxial method is the presence of
air gaps between the sample and the
inner and outer conductors. Correction
formulas based upon a uniform distribu-
tion of the air gap can be used, but,
since the actual air gap will usually
not be uniformly distributed, the gaps
should be avoided for maximum accu-
racy. The corrections for uniform air
gaps for tan § <0.1 are

€ (correct) —

Ls
€r (measured) (16)6
L3 — €r (measured) Ll
tan 6(:.orrec’c) =
L] 6
tan &measureds | 1 + € tcorrecty f (If)
2



D, D
where L; = Log Di + Log _Di :
D
Is = Log — ,
2 0g D,
Dy
Iy = Log — ,
3 0g D1
D; = 0.24425,
D, = inside diameter of sample,
D; = outside diameter of sample,
and
Dy = 0.5625.

Meter Errors

If a 3-dB width of minimum is used,
meter indications on the GR Tyre
1216-A Unit I-F Amplifier will, in gen-
eral, cause negligible error when the
upper part of the scale is used and when
care is taken to tune the local-oscillator
frequency exactly for maximum output.
A 10-dB width-of-minimum measure-
ment may require that the i-f amplifier
calibration be checked with a precision
attenuator for greatest accuracy. As an
example of the errors in loss-tangent
measurements caused by poor i-f am-
plifier calibration, an error of 0.1 dB
in a typical 3-dB width-of-minimum
measurement will cause an error of
1.9% in tan é. An error of 0.3 dB in a
typical 10-dB width-of-minimum meas-
urement will result in a 3.99 error in
tan 6.

Effect of Contact Resistance

Although the connector contact re-
sistance is typically less than half a
milliohm, a small part of the measured
loss is due to this resistance. The mag-
nitude of the error caused by this loss
depends upon the relative current
through the contact for each measure-
ment and is significant only when very
low-loss dielectrics are measured. If the

May 1966

current is the same when the sample
is measured as when the empty sample
holder is measured, the contact loss
will have no effect on the accuracy of
the tan 6 measurement. If the currents
differ, there may be an error in tan 8
as large as 0.0001. The amount of loss
due to the finite contact resistance in
a given measurement is

cos 20 + 1

9

&

Loss = X maximum loss,

(18)

l
where § = T 360° and ! is the distance

from a voltage minimum to the con-
tact. Maximum loss occurs when a
voltage minimum occurs at the contact.
It is difficult to evaluate the maximum
loss exactly beecause of its small value.
The condition that the eurrent be the
same for both measurements (with and
without sample) may be met by ap-
propriate choice of length and fre-
quency for a sample with a given dielec-
tric constant. If the dielectric constant
is unknown, it may be necessary first
to measure dielectric constant and then
to trim the sample to the proper length
for accurate determination of loss.
This is necessary only for very accurate
measurements of the loss tangent of
low-loss dielectrics. For low-loss mate-
rials, the current through the contacts
will be of approximately the same
magnitude with and without the sam-
ple in the holder when the frequency
and length are so chosen that sample
2 NJb

(N+1) vVe+ N’
2 Ve .

Nt o
where N, and N are integers and b is
the length of the sample holder. Lengths

length d = (19)

and A, =

(20)
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that satisfy the relationship and the
corresponding values of N, can be de-
termined from Figure 3 for a 15-em
sample holder and from Figure 4 for a
30-cm sample holder. Figure 4 shows
only the most useful eurve of a very
large family of curves. As an example
of the use of these curves, suppose that
the loss tangent of a low-loss material
with a dielectric constant of 2 is to be
measured. If a sample 12.43 c¢m long is
used in a 15-em sample holder, tan &
can be measured with maximum ac-
curacy at A, = 17.60 em, 11.73 em,
8.80 cm, 7.05 cm, 5.87 em, and 5.03
cm, corresponding to Ny = 2, 3, 4, 5,

15
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INANANSY
£ A NSRS, |
z N TR ‘\“‘\1 ]
12 BACRRY \\ \\\ \‘::'E'g
-4 i\\\ \:3:::;-’ el
< =
Sio \\E§§ 1] =
= —— 2,3,4,5,5,7,
§ 9 \\\\\\t — 1
w &
e %%%::‘":: ==
Ng= 1 4 35 2,4 5 3
L O |
' > 3 2

DIELECTRIC CONSTANT

Figure 3. Lengths of samples for a Type 900-LZ15

Reference Air Line for minimum tan § error in low-

loss dielectric measurements. (See equations 18
and 19.]

6, 7. If, instead, a sample 13.54 em
long were chosen, tan § could be meas-
ured with maximum accuracy only at
Noi = 548 em Ny = 7.

Existence of Higher-Order Modes

9.5
At frequencies higher than \70- GHz,

€

higher-order modes, particularly the
TE;; mode, can be excited by axial dis-
symmetries in the dielectric material.
While the air-filled section of line be-
tween the sample and the point of
measurement acts as a filter for these
higher-order modes, in some instances
coupling between the TEM and TE
modes may be great enough to pro-
duce an error in measurement. Meas-
urements above this frequency, there-
fore, should be made at small (say 109,)
frequency increments and compared

Ve
in order that anomalous results can be
detected.

with measurements below GHz,

— J. F. GILMORE

30
28
3 \
26
= \
A
-
§ \
Ze4
“w
i -
o
=
22
4
w -
4
20
- |
i N=2-12
L N L A
19/ 2 3 4 5
DIELECTRIC CONSTANT

Figure 4. Lengths of samples for a Type 900-LZ30
Reference Air Line for minimum tan & error in low-
loss dielectric measurements.
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r/ Figure .

THE MEASUREMENT OF ELECTROLYTIC
CAPACITORS

The measurement of electrolytic ca-
pacitors requires specialized meas-
uring instruments. High capacitance
values, high dissipation factors,
limited voltage ratings, and the
need for dc bias are all factors,
that influence the design of the
capacitance bridge. Moreover, the
residual impedances of the leads
can be comparable with the imped-
ances to be measured, and their
effects must be eliminated if
accurate measurements are to be
made.

This article discusses the measure-
ment conditions and the design of
a new capacitance bridge to satisfy
them.

Perhaps the largest capacitances that
most of us have had to deal with were
those in the problems given in circuit-
theory textbooks' where all circuit
elements were in ohms, henrys, or
farads. While actual capacitors in the
farad range didn’t seem very practical,
we realized it was the principle involved
that was important and not the magni-
tudes. However, students these days
may accept such grotesque -circuit
values without question and, in fact,
may have seen capacitors of this value
advertised or displayed at the recent
IEEE Show demonstrating our new
Type 1617 Capacitance Bridge (Figure

1 For instance, E. A. Guillemin, Infroduction fo Circuit
Theory, John Wiley and Sons, New York, 1953.
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1). One-farad capacitors may not
become very common for some time yet,
but eapacitors of 0.1 farad and up are
being made by several manufacturers,
and capacitors of over 0.011 (10,000 uI)
are not uncommon in low-voltage power
supplies.

To avoid large errors from the im-
pedances of the connecting leads, one
should measure these large capacitors
on a four-terminal bridge. One farad has
a reactance of only 1.3 millichms at
120 Hz, the standard test frequency,
and the resistance of test leads may
be many times larger. Even for capac-
itance values well below 1000 xF, two-
terminal measurements of D may be
subject to errors. I'or larger values,
capacitance-measurement errors may
be caused by lead inductances, even
at frequencies as low as 120 Haz.

The new Tvype 1617 Capacitance
Bridge is designed especially for meas-
uring these large-valued capacitors, as
well as other electrolytic types, most of
which require the special measurement
conditions prescribed by MIL or EIA
specifications (see Table 1). The in-
ternal test frequency of 120 Hz is the
fundamental of the ripple signal that
would be applied to filter capacitors
used in full-wave power supplies. While
this is far from the only application for
electrolytic capacitors, 120 Hz has been
the generally accepted measurement
frequency for all except the nonpolar-
ized types used for motor starting and
other special 60-Hz applications. The
Type 1617 can be used with a suitable
external generator® down to 40 Hz
and up to 1 kHz over most of its

*GR Type 1311-A or Type 1310-A.

TABLE |
Summary of EIA and MIL Specifications on Testing Electrolytic Capacitors
Specification
and Accuracy
Capacitor Type  |Frequency AC Level Loss DC Polarizing Voltage
MIL C—3965 C 12045 Hz | Less than 30% 2% |Ror P.F.| C—Sufficient for no reversal of
Tantalum Foil of Dcwv or 1V, 2% polarity.
and Sintered whichever is D—"Polarized Capacitance Bridge"”
Slug Capacitors smaller Sum of ac and dc shall not exceed
DCWV.
MIL C—26655-B 1205 Hz | Limited to 1V, 2% |D, 10% | C—Max bias 2.2 V.
Solid Tantalum rms D—"Polarized Bridge", 2.2-V dc
Capacitors max.
RS 228 120 Hz Small enough not | +2%%)| D, 5% | Optional
Tantalum Electrolytic to change value
Capacitors
MIL C-62 B 12045 Hz | Limited to 30% 2% |D, 2% |No bias required if ac voltage
Polarized Aluminum of DCWVor 4V, less than 1 V. However, if bias
Capacitors whichever is causes differences, measurements
smaller with bias shall govern.
RS 154 8B 120 Hz Small enough not [+2%2% |R or RC | Optional, but if substantial differ-
Dry Aluminum to change value ence occurs, roted dc should be
Electrolytic Capacitors used.
RS 205 120 Hz Small enocugh not |+2%%| D Optional
Electrolytic Capacitors to change value
for use in Electronic
Instruments
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range with no degradation in capa-
citance-measurement accuracy.

Test-Signal Level

The ac signal level is particularly
important for tantalum types, which
tolerate only a very low reverse voltage.
The generator level switch has three
positions: 2 V, 0.5 V, and 0.2 V, rms,
maximum. This is the applied bridge
voltage; the actual voltage applied to
the unknown capacitor is somewhat
less. The 0.5-volt maximum signal level
has become an informal industry stand-
ard. The 2-volt level was included for
increased sensitivity on the lowest
capacitance range (0 pF — 1000 pF),
and the 0.2-V position was added to
allow a check to ensure that the level
was ‘“‘small enough not to change
value,” in the words of some specifica-
tions.

DC Bias

While de bias is not specifically
required by the MIL and EIA stand-
ards for capacitance measurements (see
Table 1), it is specified for MIL dissipa-
tion-factor measurements of tantalum
units. Also, the test conditions used by
capacitor manufacturers, which vary
considerably, usually incorporate de
bias. For tantalum capacitors, the bias
specified is such that, when the ac signal
is added, the sum will never go negative
and will never exceed the rated voltage.
A common practice is to use 1.5-volt de
bias with less than 0.5-volt ac signal.
However, several manufacturers re-
quire that almost the full de rated
voltage be applied. To cope with such
a large variation in the de-bias require-
ments, the bridge includes an adjustable
internal supply, with six ranges up to
600 volts. This covers the ratings of

June 1966

almost all electrolytic capacitors as
well as those of most other types.
External bias up to 800 volts may be
applied.

The applied bias voltage is indicated
on the panel meter, which also serves
as the null indicator and as a leakage-
current ammeter with full-scale ranges
from 60 pA to 20 mA. The ultimate
resolution of about 0.5 pA is adequate
for most aluminum ecapacitors and
some tantalum types. IFor others an
external microammeter can be used.

Safety Features

Measurements on biased capacitors
may be inherently dangerous, because
lethal energy can frequently be stored
in the capacitor being measured. More-
over, in order to get good ac sensitivity,
a large bypass capacitor is required in
the internal de supply, which may also
store dangerous energy in the instru-
ment itself. The user and the instru-
ment are protected by several features,
including two warning lights and dis-
charge circuitry. If bias is not required,
three switches must all be improperly
set in order to get a dangerous voltage.

D Range

Not only the wide capacitance range
(1 pF to 1.1 F) but also a wide dissipa-
tion-factor range is needed to measure
large electrolytic eapacitors, whose D
value is often well over 1 (1009;) at
120 Hz. The D range of the TyrE
1617, which extends up to 10, would
be awkward to use above unity were
it not for the inclusion of the
OrraoxvLL® balancing mechanism,
which is also a feature of our popular
Type 1650 Impedance Bridge.* This
‘7[1. P. Hall, “Orthonull — A Mechanical Device to

Improve Bridge-Balance Convergency,” General Radio
Ezxperimenter, April, 1959.
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Figure 2. Voltmeter-am-
meter measurement of a
four-terminal resistor, R..
The terminal resistances
ri and ry have no effect,
nor do r2 and r3 if the
voltmeter impedance is
infinite.

nonreciprocal ganging mechanism con-
verts interacting bridge adjustments
into independent, ones so that the real
and imaginary parts of the impedance
can be balanced without a time-con-
suming sequence of adjustments and
readjustments.

Brief Theory of Four-Terminal
Measurements

Very low impedances must be meas-
ured by a four-terminal method when a
high degree of accuracy is to be real-
ized. This is the only way in which
errors caused by the impedance of the
connecting leads, terminals, and con-
tacts (which may be much larger than
the unknown impedance being meas-
ured) can be avoided. The simplest
four-terminal measurement circuit is
the voltmeter-ammeter method shown
in Figure 2. This is a fransfer-impedance
measurement, because the impedance,
Zy, is the ratio of output voltage to
input current, Z». From an inspection
of this circuit, it is obvious why two
terminals of a four-terminal standard
are called the “current’ terminals and
two called the “potential”’ terminals.
Although these terminal pairs are
theoretically interchangeable because
Zy = Zyy for a linear, passive, bilateral
network, the current ratings of the two
pairs of terminals may be quite differ-
ent, as may other practical aspects

of the design. Note that the unknown,
R, is defined as the resistance between
the junction of the upper two leads
(point A) and the junction of the lower
two leads (point B). The location of
these junctions should be permanent in
a low-impedance standard, independent
of the position of connecting leads, and,
therefore, such a standard must have
four separate terminals.

More accurate impedance measure-
ments can be made with a bridge, Figure
3, to avoid meter calibration errors.
However, here the residual resistances,
r. and ry, appear in other bridge arms,
where they can cause errors unless the
resistances of these arms are high
enough to make the residuals negligible
by comparison. Note that », and r; are
in series with the source and detector
and thus cause no error.

For precision measurements on low-
valued resistors for example, the Kelvin
double bridge is used (Figure 4). As
shown, the unknown is compared with
another four-terminal resistor, R, If
R, and R, are sufficiently large, the
main source of error is the branch
containing 7, and r; and results from
the voltage drop, E,, which may be
appreciable because 7, and r; are in
series with low-impedance R, and R,.

Figure 3. A Wheaistone bridge measuring a

four-terminal resistor, R,, with its residual termi-

nal impedances shown in adjacent circuit
branches.
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Figure 4. A Kelvin double bridge comparing

two four-terminal resistors. The second set of

ratio arms, R, and R;, divide the error voltage,
E,, proportionately.

The Kelvin bridge uses auxiliary arms,
R, and R;, to divide this error voltage
proportionately between the two halves
of the bridge so that its effect is bal-
anced and cancelled.

The excellence with which this second
set of ratio arms (R, and R;) balances
out the error voltage depends on the

; . i
difference between their ratio, R

b
R
and that of the main arms, R—A The
‘B
balance expression is:

R
&=m;+
‘B

Ro(rs + 1) (Rd

Ra
Ro+ Ry + 1+ 15 \ Ry Rb)

As an example, if the unknown and
standard resistances and the stray
resistance, ry plus rs, are all equal, and
if R,/R; and R./R, differ by 19, the
error will be £9,. In precision Kelvin
bridges, the adjustable arms, R, and
R, track to much closer tolerance
than this.

An obvious way to make a capaci-
tance bridge that will measure very
high eapacitances is to adapt the Kelvin

June 1966

bridge principle to a conventional
capacitance bridge, as shown in Figure
5. Any ac bridge for measuring complex
impedances must have two adjustments
(here ¢ and D); to keep the ratio
of the secondary arms equal to that of
the main arms, two pairs of tracking
adjustments are therefore necessary.

What kind of lead errors would we
get with such a bridge? A farad has a
reactance of 1.3 milliohms at 120 Hz,
and the resistance of the connecting
leads could easily be 20 milliohms (two
feet of #20 wire). If we assume that
R, = 10 milliohms* and that R,
and R, can track to 19, the resulting
capacitance error is 29,. The error
would be of this magnitude over most
of the top range (if Dx = 0). This
design might be acceptable but is
somewhat marginal.

A New Circuit for AC Four-Terminal
Measurements

Another way to compensate for the
error voltage, £, in Figure 5, is to
introduce, by some means, an equal
voltage in the corresponding place in

# This is the value of the ratio arm on the top range of
the T'yrE 1617. It must be very small to obtain reasonably
good sensitivity.

R D ADJUSTMENT
s

Figure 5. A four-terminal capacitance bridge

using the Kelvin double bridge principle. For ac

measurements on a complex impedance, two
ganged adjustments are necessary.
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Figure 6. The basic circuit of the 1617, where a

voltage equal (almost) to the error voltage, E,,

is placed in the opposite side of the bridge by a
tightly coupled transformer.

the opposite side of the bridge. If this
is done, no error results, hecause this
extraneous voltage can be considered to
be effectively in series with the genera-
tor and, thus, will change only the
level of the voltage applied to the
bridge.

An ideal transformer of 1:1 ratio
would do this job perfectly if the R,
and Cg arms were of infinitely high
impedance; it is surprising how well a
small, practical transformer with prac-
tical values for Ry and Cg will actually
do the job. For the circuit of Figure
6, the balance equation is:

Cx—ﬁ—:c,[w’f"—%f“—
(rat+15) 1, 1 (rs + 75) 16 Cx _
R,M M
(ri o) (eactny) b
R
D ((?‘-: +75) (rs + 1)
X R,oM

(T4+Ta)wfp w(fp'i‘!s)):l
R,R,, Ry
where 7., 75, 0 Pp, Bn and M* are
defined by the transformer equivalent
circuit of Figure 7.

—

With a little insight it is easy to
identify the physical cause of the error
terms, most of which are proportional
to ry and r;, which started all the
trouble. By choice of circuit elements,
these error terms can be made quite
small, even when the lead resistances
are quite large and R, is rather small
(as it must be for sensitivity con-
siderations). The transformer in the
Type 1617 uses Mumetal laminations
to get a large mutual inductance and a
bifilar winding that makes the leakage-
inductance terms negligible. (Actually,

e
the measured ratio i B <30 1079,

which may seem unbelievable but
which is actually not at all difficult to
achieve in bifilar transformers.) The
winding resistance and the other lead
resistance, 75, appear in the terms
that cause the largest errors.

How well does this scheme work? For
the circuit values used in the previous
example (B, = 10mQ, ry + 15 = rg= 20
mQ, 'y = 1 F), the error is approxi-
mately 0.19; (@Gf D is small). The
specifications allow less than 19, addi-
tional error in C or 0.01 in D for resist-
ances of 0.1 ohm in any or all leads on
the highest range or 1 ohm in any or all
leads on the lower ranges. These values
permit the use of connecting leads of
considerable length, so that large ca-
* Actually, & capacitor is placed across the transformer to

resonate the mutual induetance, thus reducing the error
terms containing M.

TP ="Fua=Pp.
‘(p i s ‘(s
O Y A —— M
: Il ? v 3 E‘i
Rms :| " N
o = ©
IDEAL iz
Figure 7.

Equivalent circuit of the transformer.
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pacitors can be measured while re-
motely located.

A somewhat similar problem with a
very similar solution has been reported
by Foord, Langlands and Binnie.?
Therefore, we cannot claim the prin-
ciple as new, but we can say that we
haven’t seen a circuit exactly like ours
before.

An Interesting Error—And lts Cure

While four-terminal measurements
remove the error caused by reasonable
amounts of resistance and self-in-
ductance in the connecting leads, mu-
tual inductance between the ‘‘current”
leads and the ‘“potential” leads can
cause appreciable error when the ca-
pacitance being measured approaches
a farad. If concentric loops are formed
by one-foot leads, as shown in Figure 8,

3T. R. Foord, R. C. Langlands and A. 1. Binnie, " Trans-
former-Ratio Bridge Network with Precise Lead Com-
pensation,’ Proceedings of the IEE (IEng), Vol 110, #9,
p 86, September 1963,

Figure 9. Superposed diagrams
of the measurement of a four-
terminal impedance, black, and a
three-terminal impedance, red,
showing duality. Note that only

June 1966

Figure 8. When the ‘‘current'’ and

“potential'’ leads form concentric loops

(8a), the resulting mutual inductance

(8b) affects the value of the capacitance
measured.

/710,

the mutual inductance can be as much
as 0.3 uH, which causes a 159, error,
in a measurement of one farad at
120 Hz. This is a series-resonance effect,
and it increases the measured value of
capacitance, although the mutual in-
ductance may be negative if one loop is
reversed with respect to the other.

The cure is simple; just twist together
either the current leads or the potential
leads to reduce the mutual inductance.
This removes the error almost entirely,
leaving only the mutual coupling of the
bridge terminals, which is almost com-
pletely negligible, even for measure-
ments of one farad.

Three-Terminal Measurements, Too

At the low end of the capacitance
range there is the dual situation of
errors due to shunt, rather than series,
impedances. These stray impedances
are usually the capacitances of shields
that are used to avoid placing lead
capacitance directly across the un-

three circuit branches could define ==
the three-terminal impedance, be- 2y OPEN-CIRCUIT VOLTAGE y « SHORT-CIRCUIT CURRENT
cause two are redundant as shown. INPUT CURRENT X INPUT VOLTAGE
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Figure 10. Measure-
ment of a capacitor,
C., with a shielded
CA lead and the resulting
stray capacitances. The
shield prevents stray
capacitance directly
across the unknown.

GUARD

known (Figure 10). With a shield added,
there are capacitances from both termi-
nals of the unknown to the shield,
forming a three-terminal network (I'ig-
ure 11). Many standard capacitors of
low capacitance value are constructed
as three-terminal devices to avoid lead
errorst, To eliminate the effect of stray
capacitances, various types of guard
have been used in capacitance bridges.

In the Type 1617, the standard
capacitor is large enough (0.5 uF) to
allow considerable shunt capacitance
without appreciable error, that
point A could have been used for a
guard. In this case C, would shunt
the detector (no error), and C, would
shunt the standard. However, this
point and both the unknown and the
standard capacitors get full bias, and
we do not encourage our customers to
put 600 volts on the shields of their
connections, Therefore, an isolating, 3-
stage, unity-gain amplifier is used, which
blocks the de and still gives the neces-
sary guard signal to reduce the effect

S0

4 John F. Hersh, “A Close Look at Connection Errors in
Capacitance Measurements,” General Radio Ezperi-
menter, July 1959,

Cx
C; ;C Figure 11. A three-
A B terminal capaciter, C,,
with its “stray’ capa-
GUARD citances, C4 and Cg.

)

\&/ " slocking A
Ca { Guaanq ECAP

C

Figure 12. The guard arrangement used in the
1617. No voltage appears across C4 at null
(ideally), and Cp just loads the amplifier.

of C, (by a factor of about 1000) and
to give a low output impedance that
can tolerate a considerable load (Cy).

Would You Believe 5 Terminals?

The Type 1617-A Capacitance Bridge
has five terminals and is one of the
world’s few five-terminal bridges. One
cannot help wondering if there is a
measurement situation where all five
terminals would be useful simulta-
neously. Suppose, for example, that one
wanted to measure a one-microfarad
capacitor that was 1000 feet away from
the bridge. The leads should be shielded
to avoid pickup, and a guard would be
necessary to avoid a capacitance error
unless a very low-capacitance cable
were used. Likewise, if an accurate D
value is desired, a four-terminal meas-
urement should be made, because the
lead resistance will probably be several
ohms. Actually, we haven't tried this,
but the Type 1617 ought to do it. If
anyone tries it, we'd like to hear about
it, particularly if it works.

While this example may not be a
common problem, there is a very im-
portant problem in extremely high pre-
cision capacitance measurements where
even five-terminals are not enough, and
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the use of eight terminals has been
proposed °.

Perhaps all this stress on extra
terminals has left the impression that
capacitance measurements have some-
how become much more difficult than
they used to be. (Whatever happened
to those simple two-terminal bridges
GR used to make?) Certainly nothing
has changed over the middle range of
capacitance values, and only two termi-
nals are required, as always. The TyprE
1617 is just as easy to use for capacitors
of these values, particularly if one uses
the two-lead, shielded cable harness,
which connects the proper terminals
together at the bridge. Also supplied
is a four-lead harness for the measure-

$R. D. Cutkosky, ‘Four-Terminal Pair Networks as
Precision Standards,” ITEEE Transactions on Communica-
tions and Electronics, §70, January, 1964, p 19.
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Henry P. Hall, Group
Leader of the Impedance
Measurement Group in
GR’s Engineering De-
partment, attended both
Williams College and
M.LT., receiving in 1952
his A.B. from the former
and his S5.B. and S.M. in
Electrical  Engineering
from the latter. He came
to General Radio first
as a cooperative student
in 1949, becoming a full-
time development engineer in 1952, Section
Leader in 1963, and Group Leader in 1964.
A member of IEEE, he has served on vari-
ous committees of that and other profes-
sional and industry organizations. He is a
member of Phi Beta Kappa, Eta Kappa Nu,
Tau Beta Pi, and Sigma Xi.

ment of those larger capacitors, for
which other bridges are not satisfac-
tory.

— Hexry P. HaLL

SPECIFICATIONS

Quantity Frequency Range Accuracy *
Capacitance 120 Hz internal 0to0.11 F + 1% =+ 1 pF, smallest division
2 pF; resident (“zero’’) capaci-
tance approximately 4 pF
0.11Ftol.1F | & 2%
40 Hz to 120 Hz external |0 to 1.1 F Same as above with suitable
(useful down to 20 Hz generator

with reduced accuracy)

120 Hz to 1 kHz

0to1F(}i° 2| + 1% = 1 pF with suitable
Hz

external generator and precautions
Dissipation Factor | 120 Hz internal or 40 Hz JHz

to 120 Hz 0to 10 20 =+ 0.001 £ 0.01 C =29

120 Hz to 1 kHz 0 to 10 [= 0001 001 €] I+ 29

*C is expressed in farads.

Lead-Resistance Error (4-terminal connection):
Additional capacitance error of less than 19,
and D error of 0.01 for a resistance of 1Q in
each lead on all but the highest range, or 0.12
on the highest range.

Internal Test Signal: 120 Hz (synchronized to
line) for 60-Hz model; 100 Hz for 50-Hz model.
Selectable amplitude less than 0.2 V, 0.5 V, or
2 V. Phase reversible.

External Test Signal: 20 Hz to 1 kHz with limited
range (see above).

Internal DC Bias Voltage and Voltmeter: 0 to 600
V in 6 ranges.

Voltmeter Accuracy: &= 3%, of full seale.

Internal DC Bias Current: Approximately 15 mA
maximum.

Ammeter Range: 0 to 20 mA in 6 ranges. Can
detect 14-pA leakage.
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GENERAL RADIO B
WEST CONCORD, MASSA(

RETURN REQUESTED

BULK RATE
U. S. POSTAGE
PAID

Concord, N.H., U.S.A,
PFRMIT 530

SPECIFICATIONS (Contd)

Ammeter Accuracy: =39 of full scale.

External Bias: 800 V maximum.

Power Required: 105 V to 125 V or 210 V to
250V, 60 Hz, 18 W maximum. Models available
for 50-Hz operation.

Accessories Supplied: Four-lead and shielded
two-lead cable assemblies.

Accessories Required: None for 120-Hz meas-
urements. The Tyee 1311-A Oscillator is
recommended for measurement at spot fre-
quencies, the Type 1310-A Oscillator for con-
tinuous frequency coverage.

Cabinet: Flip-Tilt; relay-rack model also is
available.

Dimensions: Portable model — width 1615,
height 15, depth 9 inches (415, 385, 230 mm);
rack model — width 19, height 14, depth be-
hind panel 6% inches (485, 355, 160 mm),
over-all.

Net Weight: Portable model, 26 1b (12 kg);
rack model, 28 1b (13 kg).

Shipping Weight: Portable model, 34 Ib (15.5
kg); rack model, 43 1b (20 kg).

Catalog Price
Number Description n USA
1617-9701 Type 1617 Capacitance Bridge, Portable Model (115 V, 60 Hz) $1195.00
1617-9286 Type 1617 Capacitance Bridge, Portable Model (230 V, 60 Hz) 1195.00
1617-9206 Type 1617 Capacitance Bridge, Portable Model (115 V, 50 Hz) on request
1617-9266 Type 1617 Capacitance Bridge, Portable Model (230 V, 50 Hz) on request
1617-9820 Type 1617 Capacitance Bridge, Rack Model (115 V, 60 Hz) 1195.00
1617-9296 Type 1617 Capacitance Bridge, Rack Model (230 V, 60 Hz) 1195.00
1617-9216 Type 1617 Capacitance Bridge, Rack Model (115 V, 50 Hz) on request
1617-9276 Type 1617 Capacitance Bridge, Rack Model (230 V, 50 Hz) on request

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS 01781

RINTE,
pRINTED
us A
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Figure 1. Panel view of the Type 1394-Z High-Rate Pulse Generator, consisting of (top) the Type 1394-A
High-Rate Pulse Generator and (bottom) Type 1394-P1 Pulse-Offset Control.

VHF PULSE GENERATOR

NEW CIRCUITS YIELD HIGH PERFORMANCE AT MODERATE COST

The continving rapid expansion of
digital techniques into the vhf region
has created a demand for genera-
tors of high-prf, fast-rise-time pulses.
General Radio's new vhf pulse
generator makes maximum use of
standard, economical components in
straightforward yet novel circuits,
resulting in state-of-the-art per-
formance at a moderate price.

The new Tyre 1394-A High-Rate
Pulse Generator meets the growing re-
quirements for test sources for high-
speed computers and data-transmission
and processing systems. Its important
features include:

1. High repetition rate; 1- to 100-
Mz range internally generated; de
to 100 MHz with external drive.

2. Fast rise time: 2 nanoseconds.

3. Duty ratios up to 969.

4. Internal prf generator with ex-
cellent frequency stability.

5. Controls for precise synchroni-
zation with external clock signals.

. Calibrated controls for pulse repe-
tition frequency, amplitude, delay, and
duration.

Performance of this order is essential
in the design and test of high-speed
digital systems. In addition to its use
in computer development, this pulse
generator has many applications in such
fields as data transmission, modern
radar systems, nuclear instrumentation,
and component testing.

Through the development of new cir-
cuits, the above features are made avail-
able in a pulse generator of compara-
tively modest price. Both the prf oscil-
lator and the bistable output cireuit
embody new ideas; the delay functions
are performed by lengths of coaxial
cable.

A companion instrument, the Typr
394-P1 Pulse-Offset Control (page
), is available for those applications
where de output coupling is required.
The combination is the Type 1394-Z.

Iigure 2 is a simplified block dia-
gram of the generator. A pulse train
from the prf oscillator is applied to

1
7

File Courtesy of GRWiki.org



the Experimenter

PRF SYNC PULSE
0sc OUTPUT
(£l
DELAY 9
T

EXT PRF - /

I_- RESET CIRCUIT
SOURCE 20
DELAY

PRE(SYNC) 1 |

SET _|BISTABLE| OUTPUT
QUTPUT Figure 2. Elementary
block diagram with
waveforms.

PULSES
| A

SET PULSES

A

RESET PULSES

| Qi (S e |

o
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kr

the first delay circuit, which delays the
pulses by time 7. The delayed pulses
are applied to the bistable output cir-
cuit as set pulses and also to the second
delay circuit, which delays the train
further by an amount T, to form reset
pulses. The first delay is thus the delay
between the sync pulse and the leading
edge of the output pulse, and the sec-
ond delay is the duration of the output
pulse. On page 5 is a discussion of the
individual circuits, illustrating their
unique aspects and pointing out their
advantages to the user.

APPLICATIONS

One important application of the
Tyre 1394-A High-Rate Pulse Genera-
tor is in testing of complementary flip-
flops or scalers. Tests of maximum in-
put pulse frequency as a function of
pulse duration, amplitude, supply volt-
age, etc are easily made with this
generator. Double- or triple-pulse test-
ing at low repetition rates, on the other
hand, although it gives an indication of
the maximum frequency at which a
digital circuit may operate properly, is
not completely adequate. Only sus-
tained operation at the maximum fre-

quency can show the effects of self-bias-
ing due to ac coupling and nonlinearities
and also the effects of power dissipation
due to rapid switching, both of which
may be significant factors in ecireuit
performance.

Another application of the instru-
ment is as a clock-pulse generator for
a digital system. Both the precision
of setting and the stability of the prf
oscillator are quite important in this
application.

Many digital devices have the prop-
erties of a threshold detector; when
a pulse exceeds a certain voltage level,
the circuit acts. Threshold circuits can
be conveniently tested with the TypE
1394-A/P1, since the combination of a
stepped pulse attenuator and a smooth,
precise offset control allows continuous
adjustment of pulse level through a
range of 46 to —6 volts.

The input circuits include a ecali-
brated trigger-level control and a slope-
polarity switch. Sensitivity is better
than 0.4 volt, peak-to-peak. Conse-
quently, when the instrument is trig-
gered by an external signal, optimum
operation can be obtained over wide
ranges of input waveform and voltage
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level. This capability is important when
the instrument is used as a regenerator
in a system.

The circuit configurations were
chosen to provide the high performance
necessary to meet today’s vhf pulse
needs and to do so without pushing
conventional techniques to the limits,
which is never satisfactory from either
the cost or the reliability standpoint.
These circuits provide two additional
advantages that improve on present
practice.

The first is freedom from the duty-
ratio limits usually imposed by delay-
circuit recovery or output-circuit
power-dissipation limits. This instru-

July 1966

ment is very convenient to operate, and
it is satisfying to know that the output
circuit will operate in any environment
and with any combination of control
settings without being on the edge of
a dissipation limit.

The second advantage is that the
instrument has accurately calibrated
controls and is stable in operation.
Because the settings of the panel con-
trols tell the operator what the gen-
erator is doing, he can devote his atten-
tion to the system under test with a
minimum of attention to the pulse
source, and without the necessity of
tying up an expensive scope to monitor
the pulses.

CIRCUIT DESCRIPTION

Figure 3. PRF Cir-
cuit, simplified
circuit  diagram.

PRF Oscillator*

The circuit of the prf oscillator is shown in
elementary form in Figure 3.

A constant-current source, I, is switched be-
tween diode CRI and transistor QI by a large
sinusoidal signal on the base of Q7. The result-
ing square wave of collector current drives the
Lc tuned circuit at its resonant frequency, pro-
ducing a high-amplitude sinusoidal voltage at
the base of 2. The collector of Q2 supplies the
sinusoidal output voltage. The feedback loop
is closed by the application of a fraction of
Q2's emitter voltage to the base of Q1, via
inverting transformer T'7, which is a wideband
one-to-one transformer of the type described
by Ruthrofft.

The advantages of this cireuit configuration
are that the simplest resonant circuit is used
* Patient Applied For.

1 C. L. Ruthroff, “Some Broad-Band Transformers,”
Proceedings of the IRE, August 1959, p 1337 fI.

for frequency determination and that the am-
plitude is proportional to the current from the
constant-generator current, which is the collec-
tor of a transistor used in the automatie am-
plitude control. Figure 4 shows the variation of
oscillator frequency with warmup time and with
line voltage.

The Delay Function

Pulses propagating through polyethylene-
dielectric coaxial cable are delayed by one
nanosecond for approximately every 20 em
(7.8 in) of eable length. Since the delays re-
quired by this generator are less than 100
nanoseconds, they can be provided by reason-
able lengths of cable. The delay circuits consist
of lengths of eoaxial ecable cut for 1, 2, 4, 2,
10, 20, 40, and 20 nanoseconds. These can be
switched in or out of the signal path to change
the delay in one-nanosecond increments from
zero to 99 nanoseconds.

Cable-delay circuits have the advantages of
economy, high duty ratio, high prf, and accu-
racy as compared to the usual lumped-constant
delay ecircuit. The conventional lumped eircuit
charges a reactance to produce a time delay.
The time taken to discharge the reactance be-
fore the next delay period can start places a
limit on attainable duty ratios. At high prf's
the rates of change of energy to and from the
reactance become large and make it desirable
to use very small inductances or capacitances,
introdueing inaccuracies due to uncontrolled
stray reactances. Attempts to improve prf or
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duty ratio by a decrease in the voltage or cur-
rent swing on the reactance also result in de-
creased accuracy, because the error in detec-
tion of the charged voltage or current level does
not decrease in proportion to the signal swing.

Cable-delay circuits operate on a much dif-
ferent principle from that of the conventional
delay cireuit, and duty-ratio restrictions are
not applicable in the same sense as they are to
the latter. The delay of a pulse train in cables
may even exceed its period. Accuracy of cable-
produced delay depends upon the stability of
the cable length and upon the cable dielectric
constant. Cable-produced delays are accurately
known and are much more stable than those
obtainable by conventional circuits operating
at very high prf’s.

Pulse Regeneration

When cables are used for delay, the pulse
shape deteriorates as the pulse is propagated
along the line and must be restored. Pulse
shapes are regenerated at several points in the

Figure 5. Pulse-Regeneration Circuit.

system by means of the circuit shown in Figure
5.

Bipolar pulse pairs are used in this generator
to allow ac coupling between stages without a de
shift in the signal as the frequency of the signal
is changed. Pulses whose shapes have deterio-
rated are amplified by a class-A broadband am-
plifier and applied to a bistable tunnel diode,
so that the positive input pulses cause the tunnel
diode to go to its high-voltage state, and the
negative input pulses cause the diode to return
to its low-voltage state. The tunnel diode transi-
tions are extremely fast and, as a result, the
higher-frequency components of the signal,
which were lost in the delay line, are restored.
The fast pulse from the tunnel diode is applied
to a clipping line, which differentiates the signal
to reproduce the desired bipolar pulse.

The Bistable Output Circuit

Figure 6 is a simplified schematic diagram of
the bistable output cireuit. The set and reset
pulses are applied to the tunnel diode through
100-ohm coaxial cable, and, since the tunnel
diode appears as a very low impedance (approx-
imately 5 ohms except for the extremely short
time that it is switching between states), the
pulse voltages appear almost equally on both
bases. The differential amplifier @3-Q4 ampli-
fies only the signal difference between its bases
and not a voltage applied to both bases. Thus,
although the tunnel diode voltage is amplified,
the set and reset pulses are not and do not ap-
pear in the output. This type of connection
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Figure 6. Simplified schematic of output circuit.

greatly reduces the sensitivity of output wave
shape to variations in the set or reset pulses.
Q5 and Q6 are grounded-base stages that
allow @3 and @4 to operate into very low collee-
tor impedances, for maximum bandwidth. The
grounded-base stages drive a second differential
amplifier, @7 and @8, which is coupled to the
output by transformers 72 and 7'3.
Transformer 72 is a 2:1 balanced transformer
constructed along the lines suggested by Ruth-
roff.? It has an extremely wide bandwidth, from
less than 100 kHz to a few hundred MHz. Figure

Figure 7. Photograph of output transformer, T2.
Size is indicated by scale on the ruler.

July 1966

Figure 8. Output-pulse waveform. A 15-ns pulse
at 20-MHz repetition rate. Horizontal scale,
5 ns per major division,

7 is a photograph of 7'2 with its protective cover
removed. 7'3is a balanced-to-unbalanced trans-
former.” Figure 8 shows the output-pulse wave-
form. The output circuit includes a precision
50-ohm attenuator, which drops the output from
a maximum of four volts to zero in half-volt

steps.
Pulse-Offset Control

The Tyre 1394-P1 Pulse-Offset Control is
a companion instrument to the Typr 1394-A
High-Rate Pulse Generator (see Figure 1).
Interconnections are made at the rear of the
instruments since both are designed so that all
front-panel connectors are easily transferred
to the rear panel. The Pulse-Offset Control
consists of a peak-voltage detector, reference
voltage generator, and a high-gain control-
amplifier. Tt inserts a dc¢ component in the
pulse output of the pulse generator so that the
base line of the pulse is regulated to be equal to
the reference voltage. This combination of in-
struments meets the needs of those applications
that require dc coupling. The pulse-offset
voltage is continuously adjustable from —2 to
—+2 volts.

—J. K. SRILLING

! I'bid,
2 Lewis and Wells, Millimicrosecond Pulse Techniques,
2nd Edition, Pergamon Press, 1959, p 104 fi.

Note: A brief biography of James K. Skilling,

author of the foregoing article, appeared in the
March 1966 issue of the Experimenter. — Editor

SPECIFICATIONS
Type 1394-A

PULSE REPETITION FREQUENCY

Internally Generated: 1.0 MHz to 100 MHz; six
rangesin1-2,2-5, 5-10 sequence. Continuous cov-
erage, +=5% of setting. Jitter, <0.1 ns, peak.
Externally Controlled: dc to 100 MHz, 0.4 t0 4.0V,
p-to-p, amplitude range plus 10 to 1 attenuator,

(Continued)
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SPECIFICATIONS (Cont'd)

1 W max. 50 @, choice of = slope, and trigger
level from —2 to +2 V,

SYNCHRONIZING-PULSE CHARACTERISTICS
Description: DBipolar pulses, leading edge of posi-
tive pulse is reference.

Duration: 4 ns, typical.

Amplitude: Approx 250 mV, p-to-p, into 50 Q.
Delay (between sync pulse and leading edge of
output pulse): 0 to 99 ns in 1-ns steps, 2.5
=+ I-ns accuracy. No restriction on ratio delay
period. Jitter, <0.1 ns, peak.

Residual Delay: 35 ns, typically.

OUTPUT-PULSE CHARACTERISTICS (all specifica-
tions apply to 50-Q load)

Duration: 4 t0 99 ns in 1-ns steps, +2.59, & 1-ns
accuracy. Jitter, <0.1 ns, peak.

Rise and Fall Times: 2,0 ns =209,

Voltage: Ac coupled. 0 to 4 V in calibrated 14-
volt steps. Plus or minus polarity.

Duty Ratio: Limited only by rise-plus-fall time.
Overshoot: 129 typically.

Droop: <=109% at maximum duration.

GENERAL

Power Required: 100 to 125/200 to 250 V; 50 to
400 Hz; 24 W.

Accessories Supplied: Typr CAP-22 Power Cord;
spare fuses.

Mounting: Rack-Bench Cabinet.

Dimensions: Bench, width 19, height 3!3{;, depth

height 314, depth behind panel 1414 inches (485,
89, 370 mm), over-all.

Net Weight: 2114 1b (10 kg).

Shipping Weight: 31 |b (15 kg).

Type 1394-PI
(All specifications apply with 50-2 load)
BASE-LINE VOLTAGE
Amplitude: DBase line continuously adjustable
from —2to + 2 V.
Accuracy: Error less than 4100 mV (without
pulse) 4100 mV with pulses whose duty ratio
1s less than 909.
Polarity: Positive (negative pulse) or negative
(positive pulse) base line can be controlled.
DISTORTION (introduced in pulse-generator out-
put)
Rise-Time Deterioration: <0.2 ns.
Droop Increase: <27
GENERAL
Power Required: 100 to 125/200 to 250 V;
50 to 400 Hz; 4.5 watts.
Accessories Supplied: Type CAP-22 Power
Cord, coaxial patch cord.
Mounting: Rack-Bench Cabinet.
Dimensions: Bench, width 19, height 21§,
depth 1634 inches (485, 54, 425 mm); rack,
width 19, height 21§, depth behind panel
1414 inches (485, 54, 370 mm ), over-all.
Net Weight: 1217 Ib (6 kg).

1634 inches (485, 100, 425 mm); rack, width 19, Shipping Weight: 17 lb (8 kg).
Catalog Price
Number Description in USA
1394.9801 Type 1394-A High-Rate Pulse Generator, $995.00
Bench Model

1394-9811 Type 1394-A High-Rate Pulse Generator, 995.00
Rack Model

1394-9611 Type 1394-P1 Pulse-Offset Control, 255.00
Bench Model

1394-9621 Type 1394-P1 Pulse-Offset Control, 255.00
Rack Model

1394-9911 Type 1394-Z High-Rate Pulse Generator, 115 volts 1250.00
Bench Model

1394-9912 Type 1394-Z High-Rate Pulse Generator, 115 volts 1250.00
Rack Model

1394-9913 Type 1394-Z High-Rate Pulse Generator, 230 volts 1250.00
Bench Model

1394-9914 Type 1394-Z High-Rate Pulse Generator, 230 volts 1250.00
Rack Model

MEASUREMENT OF TRANSISTOR
PARAMETERS AT HIGH FREQUENCIES

Users of the Type 1607-A Transfer-
Function and Immittance Bridge for
transistor measurements will be inter-
ested in a recent JEDEC standard en-
titled “A Method for the Measurement
of Small-Signal High-Frequency Tran-

sistor Parameters,” JEDEC Publica-
tion No. 55, March 1966, $1.10. Copies
can be obtained from EIA, Engineer-
ing Department, 2001 Eye Street,
N.W., Washington, D.C. 20006.
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Figure 1. GR900 Precision Adaptors.

GR%00 PRECISION ADAPTORS

The Typrs 900-QSCJ* and -Q3CP*
Adaptors to Type SC are the latest
additions to the GR900 series of preci-
sion adaptors to military-type connec-
tors. Adaptors previously announced!
include the Typres 900-QNJ, -QNP
Adaptors to Type N, the Tyres 900-
QBJ, -QBP Adaptors to Type BNC,
the Tyres 900-QTNJ, -QTNP Adap-
tors to Type TNC, and the Types 900-
QCJ, -QCP Adaptors to Type C.

The new Typres 900-QMIL] and
-QMMP Adaptors to OSM/BRJM are

for use with the nonmilitary miniature
connectors called group A by Brinton®.
These connectors include those specified
as ASM, BRM, ESCAM, MICRO,
MOB-50, NPM, OSM, SRM, and
STML.

Each adaptor contains a GR900 Pre-
cision Coaxial Connector, a specially
designed continuous transition between

* The suffix J indicates that the adaptor is female (con-
tains a jack) and the suffix P indieates that the adaptor is
male (contains a plug).

1 General Radio Experimenter, November 1963 and Jan-
uary 1963.

? Brinton, J. B., Jr., " Miniature Coaxial Components,"’
MicroWares, February 19635, p 32,

1.06 — —— T -
z1.04 - ___4!___1._17 i <~ SPECIFICATION
202 =i 900-05CJ 1 TYPE 500-05¢R | T
1 oc/ T S = =11 1 1j= .
o ] 3 4 5 & 7 8 Figure 2. Measured data on
a. FREQUENCY-GHz sample lots of (a) Types 900-
QSCJ and -QSCP Adaptors to
110 ——T SC and (b) Types 900-QMMJ
Los ke HeEEcREuth 2 and -QMMP Adaptors to OSM/
B . | B BRM. Solid curves are averages;
« 06 = e s o bars at 3, 6 and 8.5 GHz are
Sk o e o TYP i M b
o .04 — — - S00-QMMP L maximums, easurement error
> = =] TYLPE ‘900170'_51"‘ s is less than Yth of the specifi-
102 - - = - T cations,
———
1005 1 2 3 4 5 & 7 8
b. FREQUENCY - GHz o577
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In measurement and standards
laboratories, many different types
of coaxial connectors are encoun-
tered. For maximum utility, a basic
line of measuring equipment based
on precision connectors must include
adaptors to other commonly used
types. Recognizing this, General
Radio has provided several adap-
tors from the GR900 Precision
Coaxial Connector. We now add
two new types, SC and OSM /BRM,
described in the following article.
We have also included a discussion
of the effect of mating dimensions
and gaps, which, we hope, will help
to answer some of the questions
that have been asked about VSWR
errors from these sources.

line sizes, and a low-vswr version of
the applicable (jack or plug) SC or
OSM/BRM connector. The vswr per-
formance of these adaptors is shown in
Figure 2.

File Courtesy of GRWiki.or;

PRECISION ADAPTOR APPLICATIONS

By means of precision adaptors, the
excellent performance of GR900 coaxial
standards and instruments can be ex-
tended to measurements on devices
equipped with other types of connectors.

Slotted-Line Measurements

With a set of GR900 Precision Adap-
tors in ecombination with a Tyee 900-
LB Precision Slotted Line one can
make accurate impedance measure-
ments through 14 different coaxial con-
nectors as shown in Figure 3: the mili-
tary types N, BNC, TNC, C, and SC,
jacks and plugs; the OSM/BRM types
or equivalents, jack and plug; the gen-
eral-purpose GR874; and the precision
GR900. Figure 4a shows the specified
performance of the various adaptor-
slotted-line  combinations;  typical
vswR is about half that specified, as
illustrated in Iigure 4b for a Type N
combination.

Figure 3. The Type 900-LB Precision Slotted Line

with the complement of adaptors shown is the

equivalent of 14 slotted-lines, each with a dif-
ferent type of connector.

w
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L0
uog T BE
Figure 4. (a) Specified residual o Lo6 1 Ogurﬁala-?‘/ =
VSWR of the Type 900-LB Preci- g N "‘m‘" c. sex Bl
sion Slotted Line in combination S04 E = ,;ﬁﬁ_}ﬁ_&“ﬂ%’ I
with various GR900 Precision e g 17 GRe00 DIIHECil'
Adaptors. (b) Typical data on a 100 — 1t
sample lot of the slotted line, o i 2 3 4 5 6 7 8
Type-N-jack-adapter combina- 9« EREGUENCY (G2 FOO&=53
tion. Bars above curve at 1, 3,
5,7 and 8.5 GHz are maximum 1.06 [0 (A [ [T
VSWR’s; bars below curve are 05!04- N SPECIFICATION~ —
averages. "R R e i
21.02 = — f_
b ok T “FTrpicaL
% A | 2 3 4 ] 6 i 8

Matched Terminations

Similarly, the precision adaptors in
combination with a Type 900-W50
50-ohm Standard Termination provide
low-vswr terminations for the various
connector types. Figure 5 shows the
specified performance.

Advantages

There are two important advantages
to utilizing precision adaptors as de-
scribed above: accuracy and economy.
The accuracy of measurement through
each connector type is usually better
than that provided by slotted lines or
terminations designed specifically for
the connector type of interest. This is
because (1) the Tyepe 900-LB Slotted
Line and the Type 900-W50 Termina-
tion exhibit very low residual vswr’s,
which can be accurately calibrated at
the GR900 Connector reference planes;

Figure 5. (a) Specified VSWR
of the Type 900-W50 50-ohm
Standard Termination in combi-

nation with various GR900 Preci- LIS

(2) the continuous transitions in the
adaptors are nearly reflectionless, and
(3) connectors of the series being adapt-
ed to are optimally designed.

The advantage of economy is obvi-
ous: the cost of one slotted line, one ter-
mination and several adaptors is far
less than the cost of individual slotted
lines and terminations for each con-
nector type.

MATING DIMENSIONS

When two GR900 Precision Connec-
tors are mated, the vswr introduced
by one of the connectors is not in-
fluenced by variations in the dimensions
of the second connector. On the other
hand, when two Type N connectors are
mated, the vswr introduced by the jack
connector is directly dependent on the
diameter of the pin of the plug-con-
nector inner conductor against which
the jack inner-conductor fingers rest.
Similarly, the vswr introduced by the

sion Adaptors. (The 900-W50/ [ 'RN!\ -
900-Q874 combination is not « Lo gsm/8 TNC, C. SEA——r
shown since nearly equivalent 2 1.05 1 T =
performance can be obtained =3 ﬁi‘—': |G?:190(‘}’
directly with the Type 874- I'Oog | 2 3 4 5 & = 8
W50BL Termination.) (b) Typical . FREQUENCY— GHz S56-0-75
data on a sample lot of the termi-
nation, Type N plug adaptor L0 T SRR
combination. Bars above curve §I05 I N SEECECaT N ey = =1
at 1, 3, 5, 7, and 8.5 GHz are o = ._-i-——-!—-" I TYPICALY -
maximum VSWR's; bars below Loo > 0 5 3 Fi 5 s = s
curve are averages. b. FREQUENCY - GHz
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TYPE
900-QNJ

0.016¥ 001 WIDE
4 SLOTS EQUALLY

INNER CONDUCTOR CONCENTRIC SPACED
©.331£.005 DEEP

WITH OgTER CONDUCTOR WITHIN

03181001 0IA
pay.

B i
| Ty,
;r. '

L-Qu21£.001 DIA ALONG

SLOTS WITH 0.0650%.0005
PLUG INSERTED IN END

+0.000
0.206-0.003

for use with TYPE N —

TYPE
900-QNP

0.276+001 DIA

INNER-CONDUCTOR CONCENTRIC
UNDER SLOTS WHEN

WITH QUTER CONDUCTOR WITHIN
Q.010 TIR

QUTER CONDUCTOR
CONTACT FINGERS
= AN 055 T
P Thimt - DIAMETER RING
A0 | ™
e -
e
7 Ik
ERETNATTY 0.0650+.0005 DIA
= 4 SLOTIS 9G° APART,

+.004
208! )
0.208Z.900 Q.0I6+.001 WIDE
0.343%.005 DEEP

JACK PLUG
/f’/"
— N ’é Jor use with  TYPE BNC  me
ﬁ) ) TYPE TYPE
=t 900-QB.J 900-QBP
+0.000 *

|—o0.208 13000

— 0.206 £3.9%0
~— 0031 STRAIGHT SECTION

ﬂ — Q003t0.003
mry
=

LO.OB?&O.OOI DIA (DIELECTRIC)
0.0850+0.0005 DIA (METAL)
WHEN CONTACT FINGERS ARE
POSITIONED ON AN 0.0535DIA
X 0.040 LONG PLUG

0.185+0.00i DIA

—— 0.261 *0.001 DIA (DIELECTRIC)
[ 0.193£0.001 DIA

I 0.0535%0.0005DIA

—— 0.040 STRAIGHT SECTION
| —=r=—20.00410.004

+0.007
| — 0.21235%0

»—r— 020618838
—|——0.031 STRAIGHT SECTION

L 0.087+0.00| DIA

0.0850 +0.0005

0.040 LONG PLI

— 0.18520.00/ DIA

0.320%0.001 DIA 00

JACK

0,32010.001 DIA 5 2\D+Sg%°5“
JACK PLUG G
i3
P\ -af - for use with TYPE TNC ——
SENE Tvee = ryee
. £~ 900-QTNJ 900-QTNP
ozoat$90e™ 0.261£0.001 DIA (DIELECTRIC)

(DIELECTRIC)
DIA [METAL)
WHEN CONTACT FINGERS ARE
;OSIT!GNED ON AthIGO.0535 DlA

-0~ 23]

0.193+*0.001 DIA
-0.0535%0.0005 DIA

—0.040 STRAIGHT SECTION

W —==—0.00420004
+0.007

—0.212 ~0.000

+0.004
" 0.210-0.000

PLUG

* Inner conductor has 4 equally spaced slots 0.008 +0.001 wide by 0.187 = 0.005 deep.
** Quter conductor has 6 slots 60° apart, 0.015 = 0.001 wide by 0.235 = 0.003 deep; inner diameter in region of con-
tact-fingers is 0.2650 = 0.0005 when fingers are inserted in a 0.3200 inner-diameter ring.

12
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A

for use with TYPE C s
TYPE
900-QCP

|
9,
W

3 —0.377%0.002 DIA (DIELECTRIC)
0.413 £0.001 DIA — 0.288+0.002 014

0.260t0.002 DIA
— 0.200%t0.002DIA
Sl BEE00nE DN o ey | —0.0935000050iA
0.128+0.001 DIA (DIELECTRIC) “\\\-\r\\i\\\\\ |
0.1255+0.0005 DIA (METAL) 1
WHEN CONTACT FINGERS ARE S =

R —
| POSITIONED ON_AN 00935 DIA
J } X 0.030 LONG PLUG i Wi "f"r 1]
0.030 ¥ 11
STRAIGHT SECTION |
0.003+0.003 +— 0.030 STRAIGHT SECTION
+0.000
0.307-0.008 == 0.003*0.003
* 133%
[ Dizpex o200 31 b
+0.004
—=—0.31l_g o0 [S60-0-5
JACK PLUG

%

_ ??‘);; ,%’5“%@ *’5’9 for use with TYPE SC e
g o fg # TYPE Qﬁ JE TYPE
L 200-QSCJ % 900-QSCP

— 0.377%0.002 DIA (DIELECTRIC}

——0.413+0.00I DIA ~— 0288+0.0020DIA
= g
184+ S 1 0.0935%0.0005DIA
1) | 01280001 DIA(DIELECTRIC) ) = s
—L.1 § 01255+00005DIA (METAL) =V §

WHEN CONTACT FINGERS ARE
POSITIONED ON AN 0.09350DIA
} X 0.030 LONG PLUG

T
st

0.030 T
STRAIGHT SECTION nr

0.003+0.003 =~ | +— 0.030 STRAIGHT SECTION

+0.000
RSO l=—0.00310.003

1 * :0 o7

—=—=—0.309%3:509 505-0-75 t‘ _0.33°0000

’ | R
—— 0.31113:35% 550-0-12]
JACK PLUG
A

_f%\% e O e for use with TYPE OSM/BRM =
I o amms SEP o0 e

0.003 RADIUS(MAX) 0.003 RADIUS (MAX)

0.076 io.oor—ﬂ \ —— 0.181£3385 Dia
; | | ——oiezzoo0i o
P L L) 005540001 DIAIDIELECTRIC)

K /7’ 0.05/0 +0.0005 (DIA OF CONTACT
L WITH 00360 DIA PIN INSERTED)

0.179£0.00! DIA
0.I17£0.001 DIA

( 0.0360+000030D1A

0004+0004 t— 0085:0.005
0007Hg 9 ¥ —=—0.004£0.004
JACK PLUG

* [nner conductor has 4 slots, equally spaced, 0.012 = 0.001 wide by 0.210 = 0.005 deep.

*k Outer conductor has 6 slots, 60° apart, 0.016 = 0.001 wide by 0.255 = 0.005 deep; inner diameter in region of con-
tact-fingers is 0.3820 = 0.0005 when fingers are inserted in a 0.413 inner-diameter ring.

##% Inner conductor has 4 equally spaced slots 0.008 = 0.001 wide by 0.078 = 0.005 deep.

Figure 6. Critical mating dimensions of low-VSWR connectors used with the GR900 Connecter on the
precision adaptors. (All dimensions are in inches.)
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TYPE 300 -QNJ/P
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1.01
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Figure 7. Measured VSWR of
near-desi daptor pairs.
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.00
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FREQUENCY - GHz

plug connector is directly dependent on
the diameter of the shoulder in the jack
outer conductor against which the plug
outer-conductor fingers rest. This de-
pendence of connector performance on
the dimensions of the mating connector
is common to most general-purpose con-
nector series, and, when low vswr’s are
to be specified, it becomes of major
importance.

Figure 6 shows the critical mating
dimensions of the GRO00 Precision
Adaptors. In the case of the Types N,
BNC, TNC, C and SC, which are cov-
ered by military specifications, the di-
mensions shown are closely equivalent
to those in the latest military stand-
ards such as MIL-C-23329 and MIL-
C-39012. In the case of the OSM/BRM
types, where there are no generally
accepted standard dimensions, the di-
mensions shown provide low vswr as

OUTER-CONDUCTOR
BUTT JUNCTION

TYPE-N PLUG
p TYPE-N JACK

INNER CONDUCTOR GAP

Figure 8. Gap in Type N connector junction.

9
(e=538)

well as nondestructive mechanical mat-
ing with all known connector variations.
Figure 7 shows the measured vswr
of near-design-center adaptor pairs.
The GR900 Connectors used on these
adaptors were standard production
units. The gaps in the UG connections
(see the next section) were less than
one mil.

GAPS

When two connectors are mated, it is
not possible to achieve a butt joint
simultaneously at both the outer- and
inner-conductor junctions. Because of
axial mechanical tolerances, a gap will
exist at one of the junctions. Usually
the outer conductors are allowed to
butt, and the gap is left in the inner-
conductor junctions (as shown in Fig-
ure 8 for the Type N junction) so that
mechanical damage to the connectors
(or the components to which they are
connected) is avoided. This presence
of the gap introduces a series induct-
ance into the line. For the connector
types of interest, the vswr resulting
from this residual inductance is a
linear funetion of frequency and of the
axial dimension of the gap. The con-

| File Courtesy of GRWiki.org
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1.04 i i
Figure 9. VSWR’s introduced by ol 03—
the maximum gap dimensions, iL.Oz -
>

g, indicated in the table.

Lol
.00 Lot
(8}

stant of proportionality is dependent
on the radial dimension of the gap and
on the width of any slots in the gap
walls?.
Thus,

S = Kfyg
where: S is the vswr in per cent,

I is the proportionality constant
for the connector series of interest,

f is the frequency in GHz, and

¢ is the axial length of the gap
in mils,

The table gives the values of K for
the connector types covered by mili-
tary specifications. Values of K are
not included for the OSM/BRM con-
nector types, because the steps in con-
ductor diameters at the mating planes
alter the effect, nor for the GR874
Connector, because the mating con-
figuration is of a different kind. A value
of K for the GR900 Connector is in-
cluded to illustrate the improvement

3 MacKenzie, T. E., and S8anderson, A, E,, " Some Funda-
mental Design Principles For the Development of Pre-
cision Coaxial Standards and Components,” I EEE Trans-
actions on Microwave Theory and Techniques, Vol MTT-14,
No 1, January 1966, p 20-39.

FREQUENCY - GHz

gained through the use of precision
connectors.

Connector Spread in g
Type Je (mals)
N 0.051 2.0-9.0
BNC, TNC 0.035 2.0-9.0
C, SC 0.021 2.0-9.0
GR900 0.008 0.8-3.2

The value of K is based on nominal
values for the radial dimension of the
gap and for the width of the slots in
the gap walls. The spread in g is the
spread in the axial length of the gap
that results from the critical mating
dimensions of Figure 6. Figure 9 is
a plot of vswr versus frequency for the
maximum ¢ indicated in the table.

For a Type N junction with a nomi-
nal gap (¢ = 5.5 mils), the vswr in-
troduced at 7 GHz by the gap is ap-
proximately 1.02. For a GR900 junc-
tion with a nominal gap (g = 2.0 mils),
the corresponding vswr at 7 GHz is
approximately 1.001.

— T. E. MacKenzie

SPECIFICATIONS

Type 900-QSCJ Adaptor
(contains SC jack)
Frequency Range: DC to 8.5 GHz.
VSWR: Less than 1.005 4 0.015 X fou, to 1
GHz; 1.015 + 0.005 X fema, 1 to 8.5 GHz.
Electrical Length: 5.03 =4=0.05 em to the end of
the Type SC jack inner conductor.
Voltage: 1000 V peak.
Power (Average): 7 kW up to 1 MHz;
7 kW/ v/fau, above 1 MHz.

Dimensions: Length, 2 inches (51 mm); maxi-
mum diameter, 114 inches (27 mm).
Net Weight: 314 ounces (100 grams).

Type 900-QSCP Adaptor
(contains SC plug)
Same as Type 900-QSCJ except:
Electrical Length: 5.60 +0.05 cm to the end of
the Type SC plug outer conductor.
Dimensions: Length, 214 inches (54 mm).

Type 900-QMMJ Adaptor
(contains OSM/BRM jack)
Frequency Range: DC to 8.5 GHz.
VSWR: Less than 1.005 + 0.025 X fomz to 1
GHz; 1.022 + 0.008 X fcrsz, 1 to 8.5 GHz.
(Continued)
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SPECIFICATIONS (cont'd)

Electrical Length: 4.67 +=0.05 em to the outer Type 900-QMMP Adaptor
conductor junction. (contains OSM/BRM plug)
Dimensions: Length, 175 inches (48 mm); maxi-  Same as Type 900-QMMJ except:
mum diameter 1l{; inches (27 mm). Electrical Length: 4.78 +0.05 em to the outer
Net Weight: 214 ounces (70 grams). conductor junction.
Catalog Price
Number Description in USA
0900-9713 Type 900-QSCJ Adaptor $75.00
0900-9813 Type 900-QSCP Adapter 85.00
0900-9723 Type 900-QMMJ Adaptor 75.00
0900-9823 Type 900-QMMP Adaptor 80.00
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The slotted line is the traditional
workhorse of the microwave measure-
ment industry. It can be used to meas-
ure a great number of parameters, over
an extremely broad band of frequencies
and with good accuracy. The slotted
line has its own internal impedance
reference, an accurately constructed
coaxial line, which is essentially free
from aging effects. It is used to measure
vswr, reflection coefficients, transmis-
sion coefficients, impedance, and ad-
mittance (resistance, inductance, and
capacitance) of both passive and active
networks (diodes, tubes, transistors);
electrical length of two-ports; phase
delay; insertion loss or attenuation of
networks, cables for example; and die-
lectric constants of materials. It can
diton D 1 (ko Dmelopmant Sf fis 1-418) Consenl

Field Amplifier,” BTL Internal Report, No MM-63-2843-7,
p 9; Bell Telephone Laboratories, Laureldale, Pa.

THE IMPROVED

GR874 SLOTTED LINE

also be used as a precision phase shifter
and as a wavemeter.

The slotted line can also be employed
for accurate sweep-frequency measure-
ments of vswr!, performing the function
of a reflectometer over a wide frequency
range.

GR manufactures two slotted lines,
one based on the GR874 connector, the
other on the GR900 precision connector.
The GR874 line, while not so accurate
as the precision type, is satisfactory
for most everyday measurements, and
thousands are now in use throughout
the world. It is particularly well suited
to the student laboratory, where its
modest price is a boon to the budget.

The GR874 Slotted Line has recently
been redesigned to reduce the residual
VsWR, to increase the high-frequency
range, and to improve the constancy of
probe coupling. The model number has
been changed to Type 874-LBB. Over

File Courtesy of GRWiki.org
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" John Zorzy received his
B.S. in Physies from
George Washington Uni-
versity in 1948 and his
M.S. from Tufts College
in 1950. From 1950 to
1960 he was engaged in
the design and develop-
ment of radar, antennas,
and microwave devices
at Trans-Sonics, Hughes
Aireraft, Avco and Ray-
theon. He is a member

' of IEEE, Sigma Xi,
Sigma P: Slgma, and a member of the
Precision Connector Subcommittee of IEEE
and Committee JS-9 of JEDEC. He joined
the Development Engineering Staff at GR
in 1963 and is Section Leader in the Micro-
wave Group.

the past several years many mechanical
improvements have also been incor-
porated, and, recently, an externally
adjustable probe tuner has been offered
as an accessory. The improved locking
connector, Tyre 874-BBL, is used at
both ends of the slotted line.

These improvements result in an
extremely versatile instrument with
more than adequate performance for a
general-purpose line. This line can be
converted to use any of the popular ve
connectors in a matter of seconds,
through a Tyee 874-Q low-vswr adap-
tor. These adaptors are available, both
plug and jack types, for Types Bnc, c,
HN, Lc, LT, Microdot, N, osM, sc, TNC,

A complele measuring assem-

bly, consisting of the im-

proved slotted line, a Unit

high-frequency oscillator with

power supply, and a Type
DNT Detector.

74""-unr line, GR900, and Amphenol
7-mm Precision Connectors.

Performance

The vswr of the line has been re-
duced. The vswr specification (Figure
1) applies with either end of the line as
the source end. A series of representa-
tive residual vswr’s of the line equip-
ped with adaptors to other popular con-
nectors is shown in Figures 2, 3, and 4.

The frequency range, formerly cover-
ing up to 5 GHz, now extends to 8.5
GHz. The low-frequency limit is not
fixed at 300 MHz; it can be extended
downward, typically to 150 MHz, by
the use of air lines and the appropriate
probe tuner.

Recommended Accessories

A convenient power source for slot-
ted-line measurements is one of the GR
Unit oscillators, which are available in
several models and offer a wide choice
of frequency range and power supply.
The detector can be a conventional
standing-wave indicator or one of the
GR Type DNT Heterodyne Detectors.

Probe tuning can be accomplished
with the Type 900-DP Probe Tuner or,
if the convenience of external probe-
depth adjustment is not needed, with a
TypEe 874-D20L or -D50L Stub.

File Courtesy of GRWiki.org



Figure 1. Type B874-LBB
VSWR,

VSWR

FREQUENCY-GHz

Other useful accessories: the Typr
874-LV Micrometer Vernier, which
allows a precise adjustment of probe-
carriage position and is particularly
useful in the width-of-minimum method
of vswr measurement and in electrical
length measurements; the Type 874-
ML Component Mount for measure-
ments on lumped elements.

August 1966

FREQUENCY-GHz

Figure 2.

FREQUENCY = GHz

BTALBRS
| Figure 4.

—= Figures 2, 3 and 4. Representative residuval
| VSWR of the Type 874-LBB equipped with
adaptors to other coaxial connector types.

LI

Last, but by no means least in im-
portance, are the Type 874-Q Adaptors
mentioned above*. With the Type
874-LBB Slotted Line and a complete
set of these adaptors, the equivalent of
23 slotted lines can be obtained at a
total price of $771.25.

J. Zorzy

* See the GR catalog or ask for a complete listing.

File Courtesy of GRWiki.org
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SPECIFICATIONS

Characteristic Impedance: 50 @ 4-0.5%.

Probe Travel: 50 cm. Scale in centimeters;
each division is 1 mm.

Scale Accuracy: ==(0.1 mm + 0.05%).
Frequency Range: 300 MHz to 8.5 GHz (usable
to 9 GHz). At 300 MHz, the slotted line covers
a half wavelength. Operation below 300 MHz
is posgible by use of lengths of Tyre 874
Air Lines.

Constancy of Probe Pickup: +=1.25%,.

Residual VSWR: Less than 1.01 4+ 0.0016 figm,
to 7.5 GHz; less than 1.10 from 7.5 to 8.5
GHz; see also Figure 1.

Accessories Supplied: Storage box, rf probe, and
2 mierowave diodes.

Accessories Required: Type 900-DP Probe
Tuner, recommended, or Adjustable Stub
(Tyee 874-D20L) for tuning the crystal
rectifier when audio-frequency detector or
microammeter is used; suitable detector and
generator; one each, Type 874-R22LA and
Tyrr 874-R22A Patch Cords, for generator and
detector connections (patch cords are supplied
with Type DNT Detector and GR Unit
oscillators).

Dimensions: Width 26, height 414, depth 314 in
(660, 115, 89 mm).

Net Weight: 814 1b (3.9 kg).
Shipping Weight: 23 1b (10.5 kg).

Catalog Price
Number Description in USA
0874-9651 Type 874-LBB Slotted Line $395.00
0874-9652 Type 874-LV Micrometer Vernier 41.00
0874-9511 Type 874-D20L Adjustable 5tub 20.00
0900-9654 Type 900-DP Probe Tuner 75.00

A

The Tyepe 900-TUB Tuner, for the
0.25- to 2.5-GHz frequency range,
complements the previously announced
Tyee 900-TUA Tuner!, which covers
the 1- to 8.5-GHz frequency range.
The two tuners are similar in design and
construction and, in addition to their
wide bandwidths, have the following
desirable features:

1. A unique neutral position, from
which rapid convergence to match can
always be achieved .

2. A fineness of control, so that
vswR’s as low as 1.0002 can be tuned
out with ease

IMPEDANCE-MATCHING TUNERS

FOR PRECISION
COAXIAL-MEASURING
SYSTEMS

3. Stability — when a residual stand-
ing-wave ratio is tuned out, it. stays
tuned out; if the setting is changed, the
original tuning is duplicated when the
original setting is restored; if the con-
nection between line and tuner is
broken and then restored, the tuning is
unchanged.

Each tuner has three tuning screws.
In operation, two of the three screws
are adjusted for match (which two
depends on the frequency), while the
unused screw is set to the neutral posi-

14 Coaxial Tuner with Neutral Setting," General Radio
Ezperimenter, January 1965,
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Figure 1. VSWR

matching range of ——VSWR MATCHING RANGE

{ WORST-CASE-MINIMUM)

the Types 900-TUB
and -TUA Tuners.

TYPE 900-TUA TYPICAL— 4

Specifications and
data shown are un-

TYPE 900-TUB TYPICAL

TN gD

der the most restric-
tive phase conditions

e

=i

of the reflection to
be matched out.

YPE 300-TUB
_seeciEiCATION  ([ERTT

=

o

-

e R A i
§‘ TYPE 900-TUA SPECIFICATION

tion. Bach screw has a scale, with
vernier, and can be locked at any
setting.

The vswr matching ranges of the
Types 900-TUB and -TUA Tuners (see
Figure 1), while they are high enough
for most applications, have been kept
sufficiently low that extremely fine
matches can be achieved with ease and
speed.

APPLICATIONS
Matching to a Standard of Impedance

With the GR900 Tuners one can
reduce the residual reflections intro-
duced into a coaxial system by termina-
tions, measuring instruments (such as
slotted lines, rf bridges and directional
couplers), adaptors between line sizes,
and connectors. These residual reflec-
tions must always be considered with
respect to some standard of impedance.
The standard may be part of a meas-
uring instrument, it may be a termina-

20 50 oo

5 1o
FREQUENCY-GHz

tion, or it may be a section of precision
air line. The tuner is used, therefore,
to match the impedance of the device
in question to that of the standard.

The Measuring Instrument as an Impedance
Standard

The Type 900-LB Precision Slotted
Line is an excellent impedance stand-
ard. Tt covers the 0.3- to 8.5-GHz
frequency range, and, at 2 GHz, for
example, the residual impedance error
(expressed in vswr) is less than 1.003.
If a composite termination consisting
of a Tyepe 900-W50 Standard Termina-
tion and a Type 900-TUA or -TUB
Tuner is assembled, as shown in Figure
2, and the tuner is adjusted so that the
amplitude of the standing-wave pattern
observed on the slotted line is reduced
to zero, then the residual vswr of the
composite termination is made equal to
the residual vswr of the slotted line.
The improvement in vSWR can be as

Figure 2. Composite termination consisting of a
Type 900-TUB Tuner and a Type 900-W50 Termi-
nation, altached to a measuring instrument,

186 sy 1at B
18—256C anusT 183

e e

BEFORE
TUNING
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.— COMPOSITE __!

MEASURING INSTRUMENT
MEASURING - STANDARD
INSTRUMENT Lo TERMINATION

Figure. 3. Standard termination attached to a com-
posite measuring instrument.

much as five-fold over the direct resid-
ual vswr of the termination alone.

Termination as an Impedance Standard

A well-matched termination, such as
the Tyepe 900-W50 Standard Termina-
tion or, even better, the composite
termination described above, can also
be used as an impedance standard. For
example, if the measuring instrument
is a directional coupler or a hybrid junc-
tion, the instrument residual may be
much greater than that of an available
standard termination. In these cases
a composite measuring instrument, con-
sisting of the basic measuring instru-
ment and a Tyepe 900-TUA or -TUB
Tuner, can be formed, as shown in
Figure 3, and the tuner adjusted so that
a null is observed with the measuring
instrument. The residual vswr of the
composite instrument is thus made
equal to that of the standard termina-
tion.

Air Line as an Impedance Standard

The most accurate impedance stand-
ard is the characteristic impedance of a
section of precision air-dielectric coaxial
line, such as a Tyre 900-LZ Reference
Air Line. The residual vswr of these

< COMPOSITE >
MEASURING INSTRUMENT

MEASURING
INSTRUMENT SUNERS

I-—%—H

REFERENCE
AIR LINE

air lines at 2 GHz is less than 1.0009.
Both a composite measuring instrument
and a composite termination, as shown
in Figure 4, can be independently and
simultaneously matched to the char-
acteristic impedance of the air-line
standard, at frequencies where the air-
line length is an odd multiple of a
quarter wavelength®. The matching is
accomplished by alternate adjustment
of the tuners, I and II, until no reflec-
tion is observed by the measuring
instrument (1) when the composite
termination is connected through the
air-line standard to the composite
measuring instrument and (2) when the
composite termination is connected
directly to the composite measuring
instrument (that is, with the air line out
of the system).

Simplifying Substitution Measurements

Substitution techniques, such as
those described by Sanderson® and
Zorzy*, are used to obtain accurate
measurements of small reflections in the
presence of comparable residual reflec-

2 MacKenzie, Thomas E., *Some Techniques and Their
Limitations as Related to the Measurements of Small
Reflections in Precision Coaxial Transmission Lines,"”
presented at the 1966 Conference on Precision Electro-
magnetic Measurements, June 21-24, NBS, Boulder,
Colorado. (Publication scheduled in the TEEE Transac-
tions on Instrumentation and Measurement, December
1966.)

3Sanderson, A. E,, “A New High-Precision Method for
the Measurement of the VSWR of Coaxial Connectors,"
IRE Transactions on Microwave Theory and Techniques,
Vol MTT-9, No 6, November, 1961, p 524-528.

4 Zorzy, J., “Precise Impedance Measurements with
Emphasis on Connector VSWR Measurements,"” 18th
Annual ISA Conference and Exhibit, Chicago. Preprint
§o 1‘31564563, 1963. (Available as General Radio Reprint

o 4

' COMPOSITE >
TERMINATION

TUNER 11 |—] TERMINATION |

e

[foe-r-5]

Figure 4. Setup for matching composite measuring instrument and composite termi-
nation to the characteristic impedance of an air-line standard.
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tions in the measuring systems. In these
techniques, two measurements are re-
quired, and the desired quantity is
dependent on the vector difference of
the two measured quantities.

When an impedance-matching tuner
is used to make one of the measured
reflection coefficients equal to zero, the
second measurement alone provides the
answer?5, This means that it is not
necessary for one to perform the vector
subtraction or to plot measurements on
a Smith Chart and to make tedious
constructions. Also, if only the magni-
tude of the answer is required, it can be
obtained directly from just one magni-
tude measurement.

Quarter-Wavelength Substitution to
Meuasure Termination

The simplification resulting from the
use of the tuner is illustrated by the
example of the substitution technique
that employs a quarter-wavelength
reference air line to determine the re-
flection of a termination in the presence
of the residual reflection of the measur-
ing instrument.

Without the tuner, two measure-
ments are required, one with and one
without the reference air line in the

1 I'bid.

§ Sanderson, A. E., “Calibration Techniques for One-
and Two-Port Devices Using Coaxial Reference Air
Lines as Absolute Impedance Standards,” 19th Annual
ISA Conference and Exhibit, New York, Reprint No. 21,
6-8-64, (Available as Reprint No B21 from General
Radio Company, West Concord, Massachusetts.)

NS TROMEN [ TemmnaTion]
~ INSTRUMENT TERMINATION

MEASURING REFERENCE
A

e

Figure 5. a) Setup to measure [ . b) Setup to
measure [ ;.

August 1966

Figure 6. Smith Chart construction to determine [7,.

system, as illustrated in Figure 5. (It is
assumed that the reference air line is
reflectionless and lossless and that the
reflection coefficients of interest are

small.) Thus
P 1= Pm S rlt . (1)
M =Ta+e™=Ta—% (@
where

[ isthe measured reflection coefficient
without the reference air line inserted,

[y is the measured reflection coeffi-
cient with the reference air line inserted,

[ is the reflection coefficient of the
termination, and

['m i1s the residual reflection coeffi-
cient of the measuring instrument.
The termination reflection coefficient
is given from the difference of equa-
tions (1) and (2) by the vector relation

lfa =15 ®)

e = 5
The reflection coefficients [ and [T
are plotted on the Smith Chart of
Figure 6 with the construction required
to obtain [.
Now, with the tuner forming a com-
posite measuring instrument as shown

File Courtesy of GRWiki.org
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TUNER

TERMINATION

MEASURING
a | INSTRUMENT
POSITE

(- COM!
MEASURING INSTRUMENT

MEASURING
INSTRUMENT

in Figure 7, [, can be tuned to zero.

M=la+M=0 (4)
where [Vn is the residual reflection
coefficient of the composite measuring
instrument under the condition of (4).
With

M=l —T% (5)
the termination reflection coefficient
is given directly by

REFERENCE
AIR LINE

R

Figure 7. a) Setup to adjust [,
to zero. b) Setup to measure [ 2
and to determine [, directly.

TERMINATION

No vector subtraction, and therefore
no constructions on the Smith Chart,
is required.

Similar simplifications can be realized
in other substitution techniques
through the application of the Typrs
900-TUA and -TUB Tuners.

— T. E. MacKENzZIE

Note: A brief biograghy of Thomas E. Mae-

iz Kenzie, author of the foregoing article, ap-
= ——. (6) peared in the May 1966 issue of the Ezperi-
2 menter. — Editor
SPECIFICATIONS
900-TUA 900-TUB
Frequency Range 1 to 8.5 GHz 0.25 to 2.5 GHz
Characteristic Impedance 50 Q 0 Q

VSWR Matching Range
(worst-case minimum)*

VSWR Resetability

Residual VSWR (all controls
at nevtral)

Insertion Loss

Repeatability of Connection
Electrical Length
Dimensions

Net Weight
Shipping Weight
Catalog Number
Price

* Range is wider under most conditions

1.00 4 0.012 fgus

<1.0005 + 0.0003 fams
<1.03 to 5 GHz
<1.05 from 5 to 7 GHz
<0.1 dB to 4 GHz
<0.3 dB to 8.5 GHz
0.05%,
12.0 em
413 X 315 X 1in
(115, 88, 25 mm)
11b (0.5 kg)
31b (1.4 kg)
0900-9635
$180.00

5
1.00 + 0.05 fgu; to 1 GHz
1.05 from 1 to 2.5 GHz
<1.0005 + 0.0003 fous
<1.03 to 1.5 GHz

<0.1dB

0.05%
18.5 em
614 X 434 X 1in
(165, 120, 25 mm)
124 1b (0.6 kg)
41b (1.9 kg)
0900-9637
$265.00

TE;-MODE RESONANCES IN PRECISION
COAXIAL CONNECTORS

It has been common practice to
specify the upper frequency limit of a
precision coaxial system as the calcu-
lated frequency at which the next higher
mode above the TEM mode (TEy)
could propagate in the air-dielectric
section of the line. It has, of course,

been recognized that this mode can
propagate in dielectric support beads
below this frequency, but the interac-
tion between the TEM and TE;; modes
is insignificant if the effective electrical
length of the bead is so short that a
TE;;-mode resonance does not occur.

File Courtesy of GRWiki.org



However, the effective electrical length
of the bead for the TE;; mode is in-
creased by the reactive loads presented
to the TE;; mode at each end of the
bead by the air-dielectric line sections,
which are below cutoff for this mode,
and the resonant frequency may there-
fore occur at a lower frequency than
would be predicted by simple theory.
In a coaxial system, either a single
bead or a pair of beads that are sepa-
rated by a short section of air-filled line
can resonate. The TE;;-mode resonance
can then cause an increase in both
vswR and insertion loss; if the beads
are part of connectors, these increases
can vary in magnitude as the relative
connector orientation is changed. The
effect of the resonance is noticeable
over only a narrow frequency band.
The. TE;; mode may be initiated by
asymmetries such as slots or probes,
as in a slotted line, or by eccentricities
or irregularities that may occur in tran-
sitions between lines of different sizes.
Calculations of resonant frequency
can be made on an impedance basis
through the use of conventional trans-
mission-line equations. Best agreement
between calculated and measured data
is obtained, in the particular case
investigated, when the short undercut
lengths,! such as 1-2 (see Figure 1),
are treated as sections of air-dielectric

i

August 1966

Very sharp higher-order-mode
resonances can exist in dielectric
beads in coaxial lines. These reso-
nances can be excited by asym-
metry in the line but are often
so small in magnitude that they are
overlooked. Recently a resonance of
this type was observed in Type
900-BT Connectors at 8.70 GHz,
its presence was confirmed by a
thorough experimental investiga-
tion, and its existence was ex-
plained by the analysis described
in this article. Since the resonance
causes an increase in both VSWR
and insertion loss exceeding specifi-
cations, we have lowered the upper
frequency specification for Type
200-BT Connectors to 8.5 GHz.

line. The condition for resonance of a
single bead (Figure 1a) is that Zs = Z3,
where Z; is the conjugate of Z.. The
input impedance, Z,, to the air-dielec-
tric line is given by

Zr + Z, tanh ~l

7= 7,
A Z, + Z; tanh ~1

(1)
where
Z,= characteristic impedance of
air-dielectric line
Zp= terminating impedance of air-
dielectric line
fm&emuts compensate for the discontinuity

introduced by the abrupt changes in the conductor
diameters at the bead.

o Pl

3,
2,

/]

77

Y/

A

A

a. SINGLE BEAD

b. BEAD PAIR

Figure. 1. Cross-sections of GR900 dieleciric support beads.
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v = propagation constant of air-
filled line
I = length of air-filled line.

For TE;; mode:

1
Zi=pd — 2 _torf<t @
fe \/1 B ( i)g
fe
where
fe = cutoff frequency for TE; mode
in air-dielectric line
7 — SI6.7.
And
27r / ?_2
= — (s 3
& )\" \ : (fc) ( )
where A, = cutoff wavelength for the

mode in the line.

In most practical cases, the air-dielec-
tric section of line is long enough so
that 0.99 < tanh 4l <1.00. Then
ot Uy = Z,. Thus the
Z,+ Z.

input impedance, Z;, is an inductive
reactance below the cutoff frequency of
the air-dielectric line and is given by
equation (2). The characteristic im-
pedance and propagation congtant in
the bead are given by

- ()
and 'Yb=Jf\"\/1 _(f)z

Z:L:"-'J

for f > f. (4)

(5)

where
e 21 Ve,
A
- 376;7
Ve,
fe = cutoff frequency for TE;; mode

_in dielectric bead!:?

&= dielectric constant of bead.

12
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If we treat region 1-2 as a section of

air-dielectric line and let Z, = Z,, then
Z3 can be calculated from
Zg + Zpb ta.ﬂh Yo lb
Zy = (6)

% Z"b -+ Z, tanh v I

where I, = length of bead.

One method of solving for f is to
assume a value of f, solve for Z, (=2Z,)
in equation (2), Z, in equation (4)
and «, in equation (5), and then find
Zs from equation (6). At resonant fre-
quency, Zz = Zy*.

The resonant frequency of the bead
pair (Figure 1b) may be calculated in
a similar manner. Two resonant fre-
quencies exist, one below and one
above the resonant frequency of a simi-
lar single bead. Determine Z; from
equations (1) and (2), Z; from equa-
tion (6), and Z; from equation (1),
using Z; for Z;, and caleulating v from
equation (3). The short undercut re-
gions are again treated as part of the
air line. At the resonant frequencies,
Zy = Z3*. The two resonant frequen-
cies can be found by successive trials.

Calculations on this basis were made
for the GRY00 connector. This con-
nector uses a Teflont support bead, in
which the TE;-mode cutoff fre-
quency 2 is 7.03 GHz. The cutoff
frequency in the adjacent air-dielectric
line is 9.49 GHz. The bead is much
shorter than a half wavelength (which
might be expected to be the resonant
length) for the THE; mode, even at
9 GHz, but the loading effect of the
reactive impedance of the air-dielectric
lines for this mode causes the reso-

 DuPont trademark
1J. Dimitrios, "Exact Cutoff Frequencies of Precision
Coax,” MicroWaves, June 1965.

© - Laboratory 'Series, Vol 16;: '\rIuGraw Hill)
1951, p 77.
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nance of a single bead at 8.86 GHz.
Typically, the vswr increases by 0.10
at this frequency, and the insertion loss
by 0.35 dB. A pair of beads spaced as
in a Type 900-BT Connector pair ex-

A STT

August 1966

however, the mechanical stability and
ruggedness would be impaired if the
bead length were shortened by almost
1/3, the amount necessary to raise the
resonant frequency of the connector

A aETE -
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Figure 1.

NEW DECADE CAPACITOR -
WIDE RANGE, HIGH RESOLUTION

The engineer who has occasion to use
variable capacitors over a considerable
frequency range will welcome the new
Tyee 1412-BC Decade Capacitor. It
has four polystyrene-dielectric decades,
covering a range of 1.111 miero-
farads, as well as a continuously varia-
ble air capacitor, permitting very fine
capacitance adjustment. In experi-
mental circuits, it can be used not only
at low frequencies where circuit capac-
itances are large but also, by virtue
of its air capacitor and low internal
inductance, at the lower radio fre-
quencies.

The wide capacitance range and high
resolution of this decade capacitance

INNER
BOX—

Figure 2. The double shielding used in the Type

1412-BC Decade Capacitor keeps Cpg very small.

This capacitance is the difference between the

three-terminal and two-terminal capacitance of
the box; Crg is approximately 125 pF.

box make it useful in both laboratory
and test shop. Owing to its fine adjust-
ability of capacitance, it is a convenient
variable capacitor to use with the Type
1605-A Impedance Comparator.

Construction

Ceramic-insulated switches, - with
solid-silver-alloy contacts, select paral-
lel combinations of capacitors having
values in the ratio of 1:2:2:5. The
capacitors are of extended foil construc-
tion for minimum inductance and low
series resistance. Polystyrene dielectric
is used for stability of capacitance, low
dielectric losses, and high insulation
resistance.

The capacitors are housed in a double
shield, consisting of an inner box and
the outside case, so that the difference
between the capacitances for two-
terminal and three-terminal connec-
tions is very small — only one pico-
farad, the capacitance (Cgs) of the
binding post u to the case. It is partic-
ularly desirable that this capacitance
be as small as possible when the capac-
itor is used at low capacitance settings
with the Type 1605-A Impedance
Comparator.
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Figure 3.

TYPE 274-NK.

(Below) Two-terminal
(grounded) connection
using a Type 874-Q9
Adaptor, (Above) Three-ter-
minal connection
with both shields
connected fo the
case.

£ 30 ¥ PR~ MM CAP S0pF
A0 36k T ALl READINGS

TYPE 874-Q9—

DECADE CAPACITOR
o g AL 2O

GENERAL RADI
CONCORD MASS U

(Above) Type 274-NK
Shielded Double Plug
used for two-terminal
(floating ground) con-
nection on Type 1412-
BC. (Left) Two-terminal
(grounded) connection
using bus wire,

DECADE CAPACITOR
TP 9C . oL w0

GEHERAL RAD

CONCORD Ma:

Figure 2 shows the arrangement of
the shields, and Figure 3 typical meth-
ods of connection to the panel termi-
nals. Hardware is supplied for installing
the assembly in a standard rack, and

Figure 4. Rear panel
view of Type 1412-
BC, showing termi-
nals for rear connec-

tions.
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# terminals are brought out aft the rear for

convenient connection (Figure 4).
Readout

The four decades have clear, easy-
to-read dials with numbered steps from
0 to X (X =10). The air-capacitor
dial has ten 10-pF divisions, plus addi-
tional readout to 1 pF per graduation.
To read the dial, simply add the number
of graduations (counting from 0) on
the fixed vernier scale to the correspond-
ing numbered division on the dial. For
an increase in capacitance, the knob
turns clockwise and the small gradua-
tions read clockwise. Sample settings
are illustrated in Figure 5.

05y 05 x

$0403025> 5040 30 7
o P

Read:
30 + X(10) = 40pF

“ 4040 = 40pF

Read: )
30 +3 = 33pF
Figure 5.

Dissipation Factor

The dissipation factor of the poly-
styrene dielectric is quite low and rela-
tively constant over the {requency
range ordinarily encountered in most
applications. At the extremes of the
capacitance range, minor increases can
be expected.

At the lower capacitance settings, the
dissipation factor is increased by losses
in the switch insulation and other mate-
rials outside the capacitors. The effect
of these losses increases as the fre-
quency is lowered.

At higher capacitance settings, the
dissipation factor is increased by the
series resistance of the wiring. This
effect increases with frequency.

Capacitance

Capacitance changes with changes in
frequency are principally a function

File Courtesy of GRWiki.org
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Robert W. Orr received
his B.S. in E.E. from
Texas A and M in 1928,
After two years as a
student engineer at Gen-
eral Electric Company,
he held engineering
and administrative posts
~in the field of capacitor
engineering with RCA;
Erie Resistor Corp;
AMP, Inc.; and Aerovox
Corp. He joined GR’s

A Development Engineer-
ing Department in 1964. He is chairman of
ASTM Committee D-9 on Electrical Insu-
lating Materials, a member of Committee
D-27 on Electrical Insulating Liquids and
(ases, a member of the NRC Conference on
Electrical Insulation, and a member of IEEE,

of the dielectric material below 1 kHz
and a function of the amount of series
inductance above 1 kHz. Polystyrene
dielectric ensures negligible variations
of capacitance below 1 kHz, and ex-
tended foil construction keeps the in-
ductance of the capacitor itself low.
Most of the inductance is in the
wiring. When the operating frequency
(f) is well below the resonant frequency

SPECIFI

Capacitance: 50 pF to 1.11115 uF in steps of
100 pF with a 0- to 100-pF variable air capaci-
tor providing econtinuous adjustment with
1-pF divisions. Capacitance for 2- and 3-
terminal connections differs by about 1 pF.
Dielectric: Polystyrene for decade steps.
Accuracy: +=(1.0% + 5 pF) at 1 kHz.
Temperature Coefficient: -140 ppm /°C (nominal).

Cao. <1.001. At
ClkHz

higher frequencies the increase is approxi-
mately AC/C = (f/f;)2. See table above for
typical values of f;.

Maximum Operating Temperature: 65°C.
Dielectric Absorption (Voltage Recovery): 0.1%;
maximum.

Frequency Characteristics:

(f»), the approximate increase in effec-

tive capacitance (AC) over the zero-fre-

queney capacitance (C,) is given by the
ac

expression:
f 2
C (f) '

Typical values of the resonant fre-
quency are:

Deeiida Resonant Frequency
Capacitance | prons Terminals| Rear Terminals

1.11115 uF 430 kHz 310 kHz
1.0 uF 440 kHz 320 kHz

0.1 uF 1.25 MHz 1.2 MHz

0.01 uF 3.5 MHz 4.3 MHz
1050 pF 10 MHz 17 MHz
150 pF 27 MHz 70 MHz

At frequencies up to 30 kHz, the
effective capacitance at any setting
will be less than 19, higher than the
value of capacitance at 1 kHz. At most
settings, the error will be much smaller.

— R. W. Orr

CATIONS

Dissipation Factor: 150 to 1000 pF, 0.001
max, at 1 kHz; over 1000 pF, 0.0002, max, at
1 kHz.

Insulation Resistance:
at 500 V, de.
Maximum Voeltage: 500 V peak up to 35 kHz.
Terminals: Four Type 938 Binding Posts with
grounding link are provided on the panel.
Two of the binding posts are connected to
the case and located for convenient use with
patch cords in 3-terminal applications. Access
is also provided to rear terminals for relay-rack
applications.

Dimensions: Width 1754, height 314, depth
6 inches (440, 89, 155 mm), over-all.

Net Weight: 814 1b (3.9 kg).

Shipping Weight: 10 1b (4.6 kg).

10 ohms, minimum,

Catalog Price
Number Description in USA
1412.9410 |  Type 1412-BC Decade Capacitor | $190.00

File Courtesy of GRWiki.org



To supplement the highly stable
TyrE 1404-A (1000 pF) and Tyre
1404-B (100 pF) Reference Standard
Capacitors!, we now have available a
10-pF model, the Typr 1404-C.

Standard capacitors in the 1404 series
are highly stable units, hermetically
sealed in an inert gas, and closely
adjusted to their nominal values.

All critical parts of the plate assembly
are made of Invar for stability and low
temperature coefficient. After heat cy-
cling and adjustment, the assembly is
mounted in a heavy brass container,

August 1966

A 10-pF

REFERENCE STANDARD CAPACITOR

which, after evacuation, is filled with
dry nitrogen under a pressure slightly
above atmospheric and sealed. The con-
tainer is mounted on an aluminum
panel and protected by an outer alumi-
num case. Each capacitor is subjected
to a series of temperature cycles to
determine hysteresis and temperature
coefficients and to stabilize the capac-
itance.

Two locking GR874 coaxial connec-
tors are used as terminals. The outer
shell of one is connected to the case,
but the outer shell of the other is left
unconnected to permit the capacitor
to be used with an external resistor as a
dissipation-factor standard.

1John I'. Hersh, ‘A Highly Stable Reference Standard
Capacitor,”” General Radio Experimenter, August 1963.

SPECIFICATIONS

Calibration: A certificate of calibration is sup-
plied with each capacitor, giving the measured
direct capacitance at 1 kHz and at 23° = 1°C.
The measured value is obtained by a com-
parison to a precision better than =41 ppm
with working standards whose absolute values
are known to an accuracy of %20 ppm, deter-
mined and maintained In terms of reference
standards periodically measured by the Na-
tional Bureau of Standards.

Adjustment Accuracy: The capacitance is ad-
justed before calibration with an accuracy of
=+5 ppm to a capacitance about 5 ppm above
the nominal value relative to the capacitance
unit maintained by the General Radio reference
standards.

Stability : Long-term drift is less than 20 parts
per million per year. Maximum change with
orientation is 10 ppm and is completely
reversible.

Temperature Coefficient of Capacitance: 2 =+ 2
ppm/°C for Tyees 1404-A and -B, 5 + 2
ppm/°C for Type 1404-C, from —20°C to

Equivalent circuit showing
direct capacitance, C;, and
average values of residual
inductance, L, and terminal
capacitances, C; and GC;.
Cs = 1000 pF for Type
1404-A, 100 pF for Type
1404-B, and 10 pF for Type
1404-C.

+65°C. A measured value with an aceuracy of
=+ 1 ppm /°C is given on the certificate.
Temperature Cycling: For temperature cyeling
over range from —20°C to +65°C, hysteresis
(retraceable) is less than 20 ppm at 23°C.
Dissipation Factor: Less than 1075 at 1 kHz.
Residual Impedances: See equivalent circuit for
typical values of internal series inductances and
terminal capacitances.

17
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Maximum Voltage: 750 V.

Terminals: Two locking GR874 coaxial con-
nectors; easily convertible to other types of
connectors by attachment of locking adaptors.
Outer shell of one connector is ungrounded to
permit capacitor to be used with external
resistor as a dissipation-factor standard.

Accessories Required: For connection to TyrE
1615-A Capacitance Bridge, 2 TyrE 874-R20A
or TyrE 874-R22LA Patch Cords.
Dimensions: Width 634, height 634, depth 8 in
(175, 170, 205 mm), over-all.

Net Weight: 814 1b (3.9 kg).

Shipping Weight: 14 Ib (6.5 kg).

Catalog Price

Number Description in USA
1404-9701 Type 1404-A Reference Standard Capacitor, 1000 pF $225.00
1404-9702 Type 1404-B Reference Standard Capacitor, 100 pF 225.00
1404-9703 Type 1404-C Reference Standard Capacitor, 10 pF 225.00

U.S. Patent Number 2,548,457

INCREASED FREQUENCY RESOLUTION FOR WAVE-
ANALYZER RECORDINGS OF VIBRATION, ACOUSTIC,
AND ELECTRICAL SIGNALS

The Type 1900-A Wave Analyzer! is
widely used for low-frequency spectrum
analysis, because it has three band-
widths, 3, 10, and 50 Hz, and an 80-dB
dynamic range for recording. The 3-Hz
bandwidth is particularly popular, be-
cause of its excellent resolution. In
order to take full advantage of that
resolution, we are now making available
a link unit that will permit recording
with an expanded frequency scale on
the Type 1521-B Graphic Level Re-
corder. This Type 1900-P3 Link Unit
is shown in Figure 1 installed on the
wave analyzer and recorder.

With this new link unit the fre-
quency scale of a recording is spread
out to 2 inches for 100 Hz, so that a
frequency difference of 1 Hz can be
noticed. An additional frequency scale
of 2 inches for 1000 Hz, identical with
that of the Tyee 1900-P1 Link Unit,
is also provided. A neutral position
simplifies the setting of the frequency
control to the desired starting point.

1 A, Peterson, “New Wave Analyzer has 3 Bandwidths,
80-dB Dynamic Range,’”” General Radio Ezperimenter,
April, 1964.
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Figure 1. Type 1900-P3 Link Unit installed on the
wave analyzer and graphic level recorder.

The same chart paper, Tyre 1521-9464,
is used for both speeds.

The recording reproduced in Figure 2
shows evidence of the smoothness of the
frequency-control drive with this link
unit. The components displayed are
spaced 10 Hz apart in the vicinity of
50,000 Hz, and the absence of significant
jitter in this expanded display demon-

’ J File Courtesy of GRWiki.org



strates that the new drive can be used
to advantage over the full frequency
range of the wave analyzer. Of course,
the applied signal must also be suffi-
ciently stable that the 3-Hz bandwidth
can be used. For the pulse signal
analyzed in Figure 2, the pulse repeti-
tion frequency of a Typr 1217-C Unit
Pulse Generator was controlled at 10
Hz by a highly stable, crystal-con-
trolled, time-mark generator so that
the harmonics up to and beyond the
5000th would not show any apprecia-
ble jitter.

The resolution of the 3-Hz band-
width and the convenient display of
the analyzed spectrum on the recorder
make the system well suited to the
analysis of certain types of electrical,
acoustic, and vibration signals, in-
cluding for example, the acoustic noise
and vibration produced by such rotat-
ing machinery as gear trains, electrical
motors, and turbines.

August 1966

- Arnold P. G. Peterson

 received his B. Eng de-
~ gree from the University
- of Toledo in 1934 and his
- 8.M. and Se.D. degrees
from M.I.T. in 1937 and
1941, respectively. He
was a research assistant
~at M.I.T. from 1936 to
1940. He came to Gen-
eral Radio in 1940 as a
.~ Development Engineer
- and became Group
Leader of the Audio
Group in 1947. He is a Fellow of IEEE and
of the Acoustical Society of America, of
which he was Vice President in 1958-59.
He is a member of AAAS, AAPT, and AGU,
and of several standards’ commlttees in the
general field of acoustics.

Figures 3, 4, and 5 illustrate the
detail that can now be obtained in a
practical case. These recordings are
analyses of the vibration of the paper-
drive frame of the Tyrre 1520-A
Sampling Recorder. A scan of the
frequency range of the analyzer in the
normal drive position shows (Figure 3)
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Figure 2. Section of a frequency spectrum

in the vicinity of 50,000 Hz of a 30-us
pulse repeated every 0.1 s. The expanded
frequency scale is used to show the in-

dividual components every 10 Hz.

1T ]
T

Figure 3, Analysis of the vibration of a

frame holding a gear-belt drive. The = = ==
frequency scale is sufficienlly com- = i::..t_ IS i :
pressed to show the general character o = T 056

of the spectrum. FREQUENCY IN Hz
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Figure 4. Analysis of the same

vibration signal of Figure 3,

T [t

but with the expanded fre-

quency scale.

k=

RELATIVE ACCELERATION IN dB

teel | 4L
SN

(=]

400 500

Figure 5. The expanded frequency scale
is used here to show the components in
the vicinity of 1350 Hz.

that the significant components of
vibration are at 120 Hz, and in the
vieinity of 450 Hz, 900 Hz, and 1350 Hz.

A detailed recording in the vicinity
of 450 Hz with the expanded scale
(Figure 4) shows that the belt-gear-
drive tooth-contact rate of 450 impacts
per second determines the frequency of
the dominant component, and the gear
belt with its speed of 5 r/s introduces a
host of components spaced about the
main component by multiples of 5 Hz.
The torque pulsations from the 1800-
rpm synchronous motor and the 120-Hz
magnetically driven vibration in the
motor also influence the spectrum.

The large number of components is
a result of complex interactions of the
various impacts and forces.? The 3-Hz
bandwidth and the expanded scale
make it possible to display these many

Catalog N' umberl Description

600

Net Wt |

o
o

T

n
o

o

T

RELATIVE ACCELERATION INdB

" i ri

1300 1400
FREQUENCY IN Hz

components and to determine their
actual frequencies.

A significant amount of random mo-
tion in the mechanism being measured
obscures some of the weaker com-
ponents. This effect is even more im-
portant at higher frequencies. As shown
in Figure 5, a few components in the
immediate vicinity of 1350 Hz are
displayed clearly, but the existence of
many others is obviously probable by
reason of the spacing of fluctuating
peaks at 5-Hz intervals.

This new accessory makes the record-
ing wave analyzer an even more ver-
satile tool than before for the analysis of
stable, complex signals.

— ArNoLD PETERsSON

2L. 8. Wirt, “An Amplitude Modulation Theory for
Gear-Induced Vibrations,” Chapter 17 of Measurement
Engineering by P. K. Stein, Tempe, Arizona, 1962.

Ship Wt | Price in USA

1900-9603 | Type 1900-P3 Link Unit |

20

11b (0.5kg) |

41b(19kg) |  $55.00
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LOCATING SUBMARINE CABLES

Crossing San Francisco Bay are a
great many submarine cables, which
the Pacific Telephone and Telegraph
Company uses for telephone services.
An important factor in the mainte-
nance of these cables is the ability to
locate them accurately, not only in
case of cable failure but also when con-
tractors or government agencies are
working in the area.

Some years ago, the Bay Area Chief
Engineer’s Department of Pacific Tele-
phone developed a magnetic-induction
system to locate submarine cables. A
high-current oscillator sends an audio-
frequency tone into one end of the
cable with ground return. Receiving
equipment is installed in a motor
launch. The field produced by the
cable current induces a voltage in a
coil, which is amplified to operate a
meter and a loudspeaker.

Recently a new receiver and trans-
mitter were assembled to replace older
and less reliable equipment. It was de-
sirable to increase the range, which
formerly was about 50 feet, and to
package the receiver into one small
transistorized unit. The new system is
shown in Figures 1 and 2.

There are several problems associ-
ated with putting a tone on working
telephone cables at the necessary high

AMPLIFIERS

GRTYPE(232-A
NULL

RECEIVER

e
, e e
- P
\ SEVERAL CONDUCTORS OF CABLE
ABOUT 700 OHMS MAXIMUM RESISTANCE TO GROUND

GR TYPE 1308-4
OSCILLATOR

o
O

——— ADJUST OUTPUT CURRENT
-]- FROM 0.5 TO LS AMPS

[Ez=1]

Figure 1. A signal is applied to the cable as

shown, generating o magnetic field, which is

detected by a probe and receiving equipment in
the launch.

level and then in detecting it from a
distance:

1. Crosstalk enters working pairs of
the cable.

2. Harmonics interfere with carrier
systems in the cable.

3. The receiving equipment picks
up 60-Hz fields.

4. Harmonics of 60 Hz
with the received signal.

5. The sensitive receiver picks up
noise from working circuits in cables.

6. Cable capacity shunts the trans-
mitted tone to ground.

Tests have showed that a frequency

interfere

SPEAKER

L a DETECTOR
cwzz,,.ré 6| Le S 47000
o :Dm,.]—' S
3 Figure 2. Elementary schematic of the
receiving equipment.
0-200
?:SBUEP A 24v
¥ it —
- - =
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of 150 Hz produces the best results.
If the transmitted power is reasonably
free of distortion and the receiver
sharply tuned to 150 Hz, the above
problems are, for all practical pur-
poses, overcome.

The 150-Hz transmitter must supply
a considerable amount of power in
order to produce a magnetic field
strong enough to be detected at some
distance. The General Radio Type
1308-A Audio Oscillator and Power
Amplifier proved to be ideal for this
application. It is capable of 200 watts
output and has meters to monitor the
output voltage and current.

Figure 1 shows how the signal is
applied to the cable. Several conduc-
tors of the cable are connected to-
gether at both ends, and the conduc-
tors are grounded at the far end. Maxi-
mum resistance is about 700 ohms.
The 150-Hz power is applied between
the multipled conductors and ground,
and the output current is adjusted to
be between 0.5 to 1.5 amperes.

To ensure that the received signal
is the one of interest and does not
come from a power cable or some other

Onz&nm MOTOR

EXTERNAL MOTOR-DRIVEN ‘L—:L
CAPACITOR CONNECTED TO i
OSCILLATOR CIRCUIT

ciol clo3

Jen
Lot T

1

]

| _Le
e R

]

1

cloz

ExP-3

Figure 3. To produce a warble tone, a motor~
driven capacitor is connected to the oscillator-
tuned circuit.
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NOTE

This interesting description of the use of
electronic instruments to solve an important
communications-system problem is published
through the courtesy of the Pacific Telephone
and Telegraph Company. Those interested in
further details of the apparatus are referred to
an article by L. W. Gunn and H. E. Bomar,
entitled “Submarine Cable Detection,”” pub-
lished in the December 1965 issue of Electrical
Construction and Maintenance.

source, a distinctive tone is produced.
A small variable capacitor connected
to the oscillator circyit is driven by
a 120-rpm clock-type synchronous mo-
tor to shift the frequency 42 Hz (see
Figure 3).

The detecting probe consists of a 5-
henry winding on a laminated iron
core, tuned to 150 Hz with a shunt
0.22-uF capacitor. It is mounted verti-
cally near the bow and below the deck
of the launch. The probe connects to
the input of a General Radio Typm
1232-A Tuned Amplifier and Null De-
tector, tuned to 150 Hz. The output
drives a transistorized power amplifier
and speaker (see Figure 2).

When driven at 150 Hz, a trumpet-
type speaker was found to produce a
marked third-harmonic output, which
is easy to hear. As the launch ap-
proaches the cable, the operator hears
the tone on the speaker and sees the
relative level on the meter. The tone
becomes louder until the probe is
directly over the cable, at which time
a null is produced. The meter is used
to locate the exact spot. The tone is
heard again as the probe moves past
the cable.

To locate a cable break, the tone is
followed until it disappears. The sea

‘ j File Courtesy of GRWiki.org



water grounds the severed end of the
cable to complete the circuit.

With 0.5 ampere of transmitter cur-
rent and the cable in 80 to 100 feet of
water, the receiver gives an excellent
indication about 100 feet away from
the cable. If additional conductors of
the cable are available, they can be

August 1966

multipled to reduce the resistance. To
increase the range, the current can be
increased and still not exceed the 200
watts output. During tests with 1.5
amperes of transmitter current, the
launch received a signal, somewhat
weak, but usable, in over 200 feet of
water.

Control Simulation of

Solar Radiation on

Lunar Excursion Module

Shown here are 12 of 14 bays in the thermal-test
console designed by Grumman Aircraft Engineering
Corporation to check out a Lunar Excursion Module
mock-up under simulated thermal conditions of outer
space. Each of the 252 motor-driven Variac® auto-
transformers accurately controls the voltage applied
to a resistive heating element affixed to the skin
of the LEM mock-up. A single pushbutton energizes
the motors of all 252 Variac transformers, and their
output voltages all rise simultaneously from zero
to preset voltages established by the needle positions
of ammeters in conjunction with optical meter relays.
If further fine adjustment of any particular Variac is

M@ [‘fﬁ@ @® Avutotransformers

Photo courtesy of
GQrumman Aircraft Engineering Corporation,
Bethpage, L. I., New York,

required, it is done manually with the front-panel
knob.

Variac autotransformers were selected for this
installation for several important reasons. First, their
proven reliability, simple design, and 1000%-overload
capability guarantee dependable operation and
minimum maintenance. Second, a Variac does not
destroy waveform purity by chopping or reshaping;
if the input voltage is o sine wave, the output voltage
is a sine wave. Consequently, no RFl is produced.
Third, motor-driven Variac autotransformers can be
programmed, which eliminates the need for manual
adjustment of the initial voltage applied to each
heating element.

23
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SOUND CALIBRATION CONSOLE

This Sound Calibration Console was supplied to the Calibration and Metrology Division, Newark Air Force
Station, Newark, Ohio, for use as a laboratory standard of acoustical calibrations for the U. S. Air Force. Among
the measurement capabilities of the console are the following:

Microphone Calibration—Reciprocity Method Characteristics of Anechoic Rooms and Chambers

Microphone Calibration—Comparison Method Reverberation Measurements—Bands of Noise

Directional Calibration of Microphones Reverberation Measurements—Warble Tones

Frequency Response of Microphones Frequency Responsejof Amplifiers

Frequency Response of T R ders
Frequency Analysis—Narrow Band Lo e B ABS e alnSe
Tape Recording of Signals

Frequency Analysis—14-Octave Band
S ¥ 5 Measurement and Analysis of Tape-Recorded

Frequency Analysis—Octave Band Signals

P Inquiries are invited for acoustic-measurement systems.
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70-MHz SYNTHESIZER JOINS THE FAMILY

The newest addition to the GR syn-
thesizer line, the Typr 1164-A Coherent
Decade Frequency Synthesizer (Figure
1), offers greatly expanded frequency
coverage, extending well beyond the
normal high-frequency, radio-communi-
cations bands and including the popular
intermediate frequencies. All the fea-
tures of the low-frequency models!? —
modular construction, in-line readout,
provision for sweeping, continuously
adjustable decade (CAD), program-
mability,® ac and battery operation —
have been retained, and a few new ones
added.

The frequency synthesizer, a relatively
recent development, is nonetheless well
established as an important instrument in
the laboratory and in countless frequency-
control applications. Also well established
is GR's 1160 family of coherent decade
frequency synthesizers, which have until
now supplied frequencies up to 12 MHz.
Now a new member—the 1164 —extends
coverage to 70 MHz and thus brings the
considerable advantages of this type of
instrument to many more users.

Figure 1. Type 1164-A7C.

To review the chief characteristics of
the 1160 line briefly: Each synthesizer
can contain up to seven plug-in digit
modules, each controlled by a front-
panel rotary switch, plus a continuously
adjustable decade (CAD). By the push
of a button, the CAD can be electrically
substituted for one or more of the step-
digit modules. The output level is ad-
justable up to 2 volts and is moni-
tored by a panel meter. The synthesizer
can be locked to an external frequency
standard, can be swept, and, with
appropriate plug-in modules, can be
programmed.

Because of the modular construction,
the 1160 series can be provided in a
great many variations to suit customer
requirements. One can, for instance,
buy a synthesizer with as few as three of
the maximum seven digits, adding more
later as more resolution is needed. The
programmable option further increases
the number of available models. For the

1A. Noyes, Jr.,, “Coherent Decade Frequency Syn-
thesizers,” General Radio Experimenter, September 1964,
? A. Noyes, Jr.,, '“12-Mc Coherent Decade Frequency
Synthesizer,” General Radio Ezperimenter, November-
December 1965,

3G. H. Lohrer, “Remote Programming for GR Syn-
thesizers," General Radio Experimenter, May 1965,
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Communications receiver i-f with
455-kHz center frequency and

1.5-kHz mechanical filter. Hori-

zontal scale: 500 Hz/em. Marker

frequency: 455.00 kHz. The CAD

was in the 1-kHz position and

was swept = 22 major divisions,
or 4 2% kHz.

Response of 50-MHz crystal fil-
ter. Horizontal scale: 2 kHz/em.
Marker frequency: 50.00000
MHz. The CAD was in the 10-
kHz position and was swept +1

major division, or +- 10 kHz.

Figure 2.

Response of GR Type 1900 Wave
Analyzer tuned to 10 kHz and
set for 10-Hz bandwidth., Hori-
zontal scale: 5 Hz/cm. Marker
frequency: 10,000.00 Hz. The
CAD was in the 10-Hz position
and was swept £+ 22 major
divisions, or + 25 Hz.

Oscillograms showing frequency response of various filters to swept output of synthesizer CAD.

1164 alone, twenty ‘‘standard’ combi-
nations are listed.

Applications

One of the most common uses for syn-
thesizers is frequency control of com-
munications transmitters and receivers.
Used with a transmitter, a complete
70-MHz synthesizer is roughly equiva-
lent to a bank of 7 million crystals that
can easily be switched to change fre-
quency. (There are 700 million readable
frequencies when the CAD is used.)
In a receiver, the synthesizer can serve
as a highly stable local oscillator.

The 70-MHz upper frequency limit of
the new synthesizer covers not only
most of the commercial broadcasting
spectrum but also intermediate fre-
quencies of many vhf and uhf systems.
Frequency-translation techniques can
be applied, moreover, to provide useful
frequencies for devices operating in the
gigahertz region.

In a telemetry receiver, for example,
a synthesizer can be used as a second-
or third-conversion oscillator, automati-
cally compensated for Doppler shift.

The Doppler shift is sensed by an
external phase detector, which in turn is
used to control the synthesizer's CAD
frequency. Or, in a nuclear magnetic
resonance (NMR) study, the syn-
thesizer frequency can be added to the
output of a stable microwave source
to produce a 70-MHz-wide microwave
band under synthesizer control. Con-
versely, the NMR band can be beat
against a stable microwave frequency
and the beat frequency compared with
the synthesizer output.

Of course, the synthesizer output it-
self can be multiplied, but, the higher
the multiplier, the more noticeable any
instability.

Sometimes it is desirable to divide
the synthesizer frequency. In one appli-
-ation, for instance, an aerospace labo-
ratory wished to measure the rotational
speed of a satellite to eight significant
digits, then to supply a corresponding
frequency to the satellite. With the
satellite rotating only 100 revolutions
a minute, it was necessary to divide the
synthesizer output by means of a 10*
scaler; the synthesizer then served ad-
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mirably to measure and to reproduce
the satellite rotational frequency.

The sweep capability is all-important
in many applications and is especially
so In the measurement of the character-
istics of crystal and other mechanical
filters (see IMigure 2). The CAD can be
swept electrically over =4 5 major dial
divisions, corresponding to a frequency
span as wide as 1 MHz or as narrow as
10 Hz. The sweep can be centered on
any point of the 12-division manual dial
except on the 100-kHz functional posi-
tion, where the limits for the frequency
excursion are — 100 and 4 1100 kHz.

Perhaps the single most important
capability of a frequency synthesizer is
programmability. In the Tyrr 1164
synthesizer, output level as well as
frequeney can be programmed. This
means, for instance, that in a frequency-
response measurement, frequency and
level can be simultaneously programmed
to effect 3-dB, 6-dB, 10-dB, ete, level
changes at selected frequencies.

The maximum programmable band-
width of the Tyre 1164 synthesizer is at
present 1 MHz. In other words, one can
electrically control output frequency

HOW IT

Figure 3 is a complete block diagram of the
synthesizer.

The DI-1, CAD, and AFS-1 modules have
been described in an earlier article.! The new
modules are briefly deseribed below.

DI-2, DI-3 Digit-Insertion Units

Figure 4 is a block diagram of the DI-2 unit.
The frequency of the digit oscillator goes from
40 to 49 MHz in 1-MHz steps as its dial rotates
from 0 to 9. The digit-oscillator frequency is
rough-tuned to the proper frequency by a step
switch controlled by the dial, and a volt@ge-
control servo establishes phase lock with a
multiple of the reference frequency. A gated or
sampling-type phase detector is used here.
The gate opens only during every 40th to 49th
eycle (depending on the frequency selected) of

1 I'bid.
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over any 1-MHz (or smaller) range, up
to the 70-MHz frequency limit of the
synthesizer. Frequency switching time
is less than two milliseconds.

Constructional Features

The synthesizer consists of plug-in
modules in a bench or rack frame with
a panel only 514 inches high. Five of the
seven digit modules in the Typr 1164
are identical and interchangeable with
one another and with corresponding
modules in other GR synthesizers. The
advantages of such modular construe-
tion in servicing are obvious. Less
obvious, perhaps, but equally important
are the manufacturing economies of this
approach, which are translated into low
prices.

All eteched boards in the instrument
are made of fiberglass, and the im-
proved power supply uses all silicon
transistors. The rear panel is an engi-
neer’s delight: in addition to the pri-
mary output (also available at the front
panel), the following are available: 100
kHz, 1 MHz, 5 MHz, 5-5.1 MHz, 30
MHz, 42 MHgz, 40-49 MHz, 50-51
MHz, 90 MHz, and +18V de.

WORKS

the output frequency of the DI-2 unit (every
30th to 24th cycle of the DI-3) and stays open
for only a small fraction of a period of the
output frequency. If the phase of the output
frequency is crossing zero while the gate is open,
no voltage is placed on the holding capacitor,
and therefore no correction voltage is applied
to the digit oscillator. If the phase of the output
frequency has passed zero in a negative direc-
tion when the gate opens, a negative voltage is
placed on the holding capacitor; if the phase
has not reached zero, a positive voltage is placed
on the capacitor. With the proper phasing
in the frequency-control loop of the oscillator,
the phase error between the reference-fre-
quency-controlled gate and the output fre-
quency is minimized. The latter is thus locked
at an exact multiple of the reference frequency.
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Figure 3. Block diagram of the synthesizer.

Any change in the output frequency is imme-
diately sensed as a phase error and corrected.

Proper phase condition for phase lock exists
whenever the digit-oscillator frequency is an
exact multiple of the reference frequency.
Rough-tuning to the approximate frequency
by the digit dial determines which multiple is
chosen. A dial-light warning system indicates
failure to achieve stable phase lock. As in the
DI-1’s, the presence of any appreciable ac
signal in the phase-control loop is sensed,
causing the dial light of the affected unit to
go out.

The DI-3 unit is identical to the DI-2 except
that the frequency from the ancillary frequency
source is 5 MHz, and the step-tuned oscillator
goes from 150 MHz to 120 MHz in 5-MHz steps
as its dial setting is changed from 0 to 6.

Fixed-Frequency Multiplier (FFM-1)
The fixed-frequency multiplier is shown in

Figure 5. Undesired frequencies are rejected
by frequency-selective amplifiers and by the
connection of pairs of diodes in push-push
for doubling and push-pull for tripling. Levels

are kept relatively high to minimize noise.

Mixers MM-1 and IM-1

Figures 6 and 7 are block diagrams of the
multiplier mixer (MM-1) and intermediate
mixer (IM-1), respectively. In each, bandpass
amplifiers reject frequencies outside the desired
ranges. Each uses transistor frequency multi-
pliers and double-diode balanced mixers (one
in the MM-1, two in the IM-1).

Output Multiplier Mixer OMM-3

Figure 8 shows the output multiplier mixer
in block form. The 150- to 120-MHz output
of the DI-3 unit is amplified in a two-stage
bandpass amplifier, doubled in frequency by a
pair of diodes in a full-wave doubler, and filtered
by a six-pole bandpass filter to provide the input
to the final mixer, which produces the 10-MHz
steps in the output. A four-diode double-bal-
anced mixer is used to subtract this frequency
from the 300- to 310-MHz output from the
IM-1 unit to produce the final output fre-
quency.

Signal levels at this mixer are kept low to
minimize undesired mixing products within the
output-frequency passband. A six-stage broad-
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band amplifier covering the frequency range of
0.01 to 70 MHz follows the output filter of
the mixer, increasing the level to a maximum
of 2 volts behind 50 ohms. This level is main-
tained even with the output connector short-
circuited.

Two of the earlier stages are variable in gain
by diode-controlled emitter degeneration, per-
mitting automatic output leveling. The last two
stages are operated in push-pull, using com-
plementary transistor pairs. Emitter, shunt,
and feedback compensation are all used to
achieve a reasonably flat response. The full-
wave, peak-responding output rectifier senses
voltage ahead of an accurate 50-ohm resistor
to provide a 50-ohm source.

Following the output rectifier is a de amplifier
with a nonlinear feedback network, which
makes the de output a linear function of the
ac signal applied to the rectifier. That is, it
linearizes the rectifier characteristic over an
ac-voltage range of 0.4 to 2 volts. This amplifier
drives the level-control circuits and output
meter. The linear scale on the output meter
thus gives a true account of output level, and
the voltage available for automatic level control
is linear over this range. The automatic leveling

SPECIFI

Frequency Range: 0.01 to 70 MHz.

Smallest Digital Increment: 10 Hz on step-
digit controls; 0.1-Hz divisions on CAD dial
(—A7C model).

Maximum Bandwidth Controllable
1.2 MHz.

Frequency Accuracy: Same as that of 5-MHz
driving signal. Internal oscillator, which can
be readily phase-locked to an external stand-
ard, has temperature dependence of approx
2 X 10-7/°C when operated without external

by CAD:

circuit is completed by a difference amplifier,
which compares the indicated output voltage
with an adjustable voltage set by the output
control or applied at the level program con-
nector, and which delivers a control current to
the variable-gain amplifier to minimize the
difference. Knough gain variation is available
so that any output level from 0.2 to 2.0 volts
can be set. This level is then automatically
maintained to within 0.3 dB for all load and
frequency variations within the range of the
instrument. An external detector can easily
be connected to the automatic-level-control
bus (internal control is disabled when the panel
level control is turned to the off position).

Power Supply PS-2

The power supply is an improved version of
the PS-1 used in earlier synthesizers. It can
supply more current at 18 volts (regulated) to
meet the demands of the 1164-A with a 200-mA
reserve for accessories. The new, all-silicon-
transistor power supply is completely short-
circuit proof and current-limited.

A toroidal power transformer is enclosed in
an A-metal case to minimize stray fields. A
special input jack permits operation of the
synthesizer from a battery, with the internal
series regulator functioning to maintain normal
operation with battery voltages from 20 to 28
volts.

— W. . BYErs

CREDITS

The present four GR Synthesizers are the
result of the combined efforts of Atherton
Noyes, Jr., Group Leader, G. H. Lohrer, C. C.
Evans, and the author.

In the TyrE 1164-A, the primary responsi-
bility for the new modules, IM-1 and PS-2,
was that of G. H. Lohrer; for the new DI-2
and DI-3 modules, that of C. C. Evans. The
primary responsibility for the remaining new
modules, the FFM-1, MM-1, OMM-3, and
the new chassis, as well as coordination of the
effort, was that of the author.

CATIONS

lock, and can be adjusted, unlocked, approx
=+ 5 X 10~ by front-panel screwdriver control.
Spurious-Frequency Levels: Harmonie, at maxi-
mum output with 50-2 load, —30 dB from
0.1 to 70 MHz, —25 dB from 0.01 to 0.1 MHz;
discrete nonharmonic, —60 dB.

Output Impedance: 50 Q.

Output Level: (1.2 to 2.0 V behind 50 Q.

Levelling Characteristics: With 50-Q load, &= 3%,
=+ 0.02V from 0.1 to 70 MHz, == 5% £ 0.02V
from 0.01 to 0.1 MHz. At single frequency,
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level is held constant 4+ 0.02 V as load re-
gistance varies from 0 to .

Output Metering Accuracy: + 5%, from 0.1 to
70 MHz, +5 —109%, from 0.01 to 0.1 MHz.

Digital Programming Characteristics (with re-
motely programmable units, RDI):

Method: 10-line ecircuit closure for each
controlled digit.

Programmable Bandwidth: Any integral mega-
hertz band (e.g., 49-50, 68-69 MHz), in steps
assmall as 10 Hz (— AR7 model).

Switching Time: <2 ms.

Relay Life: Over 5 X 107 operations.

CAD Sweeping and Programming Characteristics

Frequency Range: In 10-kHz or lower fune-
tional position, & 5 major CAD dial divisions.
The sweep can be centered on any manual dial
setting except in the 100-kHz funetional posi-
tion, where the swept frequency limits are
—100 and +1100 kHz.

Sweep Rate: Up to 1 kHz.

Control Voltage Required:
CAD division.
Beat Output (difference between CAD frequency
and that of replaced digit selectors, available
at BEAT terminals; panel meter indicates zero
beat)

Frequency: 10 kHz per major CAD division.

Frequency Range: 0 to 110 kHz.

Voltage: Greater than 0.5 V behind 3 k.
Level Programming Characteristics

Level Range: 0.2 to 2 V, rms, behind 50 .

Level Response Time: 10 ns for change 95%,
complete.

—0.3 V per major

SEPTEMBER 1966

Level Programming Control: Either a 5- to
25-kQ resistance or 6 to 10 V into 5 to 6 kQ.
Exfternal-Frequency-Standard Requirements

Frequency: 5 MHz or any submultiple down
to 100 kHz.

Mainimum Level: 0.25 V, rms.

Input I mpedance at Lock Input Connector:
Approx 1 kQ at minimum level, 50 @ at 2 V
or higher (max allowable level, 5 V).
Rear-Panel Connections

At locking GRS74 connectors: 100 kHz and
5 MHz outputs.

At Subminiature Connectors: 1, 5, 5/5.1 and
5/5.1 reference, 30, 42, 40-49, oOfol and 90
MH& +18 V (Ic outputs

At Bvc connectors: Main output, beat out-
put, cap control, level program.

Accessories Supplied: TyrE 874-R22L A Coaxial
Patch Cord, bridging unit (substitute for
DI-1 during maintenance) with panel insert,
Type CAP-22 3-wire power cord, spare dial
lamps and fuses.

Power Required: 105 to 125, 195 to 235, or
210 to 250 V, 50 to 400 Hz, 60 W, max; or 20
to 28 V dc, T8 A.

Cabinet: Rack-bench; end frames for bench
mount and fittings for rack mount are included.

Dimensions: Bench model, width 19, height
514, depth 1934 inches (485, 135, 490 mm):

rack model, width 19, height 514, depth behind
panel 17 inches (485, 135, 432 mm), over-all.

Net Weight: 451b (20.5 kg).
Shipping Weight: 52 Ib (24 kg).

Catalog Units Smallest Step Price
Number Type Included (DI only) in US4
1164-9597 1164-A7C 7Dl + CAD 10 Hz $7065.00
1164-9596 1164-A6C 6Dl 4 CAD 100 Hz 6620.00
1164-9595 1164-A5C 5Dl 4 CAD 1 kHz 6175.00
1164-9594 1164-A4C 4Dl 4 CAD 10 kHz 5730.00
1164-9593 1164-A3C 3Dl 4+ CAD 100 kHz 5285.00
1164-9417 1164-A7 7Dl 10 Hz 6525.00
1164-9416 1164-A6 6DI1 100 Hz 6080.00
1164-9415 1164-A5 5DI1 1 kHz 5635.00
1164-9414 1164-A4 4DI 10 kHz 5190.00
1164-9413 1164-A3 3DI 100 kHz 4745.00
PROGRAMMABLE MODELS*
Catalog Smallest Programmable Price
Number Type Increment in USA
1164-9527 1164-AR7C 10 Hz $7515.00
1164-9526 1164-AR6C 100 Hz 6980.00
1164-9525 1164-AR5C 1 kHz 6445.00
1164-9524 1164-AR4C 10 kHz 5910.00
1164-9523 1164-AR3C 100 kHz 5375.00
1164-9507 1164-AR7 10 Hz 6975.00
1164-9506 1164-AR6 100 Hz 6440.00
1164-9505 1164-ARS5 1 kHz 5905.00
1164-9504 1164-AR4 10 kHz 5370.00
1164-9503 1164-AR3 100 kHz 4835.00

* The X10 MHz and X1 MHz decade units are not programmable. However, these two decades can be programmed
between whole 1-MHz steps (e.g., between 11 and 12 MHz, 50 and 51 MHz, etc).

US Patent No. 2,548,457, Patents applied for.
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A ONE-PERCENT-BANDWIDTH WAVE ANALYZER

To be classed as a wave analyzer, an
instrument must have a very narrow band-
width filter to make possible the separation
of closely spaced discrete frequency com-
ponents. The filter must also have high
initial-cutoff rate and high ultimate attenua-
tion, so that it can resolve small frequency
components in the presence of larger ones.
It should be capable of "seeing” at least
70 dB into a spectrum. Further, its self-
generated distortion should be so low that
the analyzer itself, under normal conditions,
cannot detect it. The new Type 1568-A
Wave Analyzer, as well as most fixed-
bandwidth-type analyzers, meets these
requirements.

Narrow-band, constant-percentage-
bandwidth analyzers are not generally
classed as wave analyzers. They have
traditionally been characterized by
poor filter shape, inadequate stop-band
attenuation, and limited dynamic range.
Low ultimate filter attenuation, result-
ing from the use of twin-T filter cir-
cuits, has often limited analyzing range
to no more than 30 or 35 dB.

The new Tyrr 1568 Wave Analyzer,
like the Typm 1564,* (Figure 1) incorpo-
rates many recent advances in circuit
* W. R. Kundert, “New Performance, New Convenience

with the New Sound and Vibration Analyzer,"” General
Radio Experimenter, September-October 1963.
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design to overcome these shortcomings.
Chief among these advances is a new
filter design. This and other perform-
ance features of the new analyzer are
deseribed below.

PERFORMANCE FEATURES

Filter Response (see Figure 2)

The bandwidth is narrow, 19; of the
selected frequency. The filter, com-
prised of two resonant sections, has an
initial attenuation rate of about 600
dB per octave, and attenuation at
twice and at one half the selected fre-
quency is at least 75 dB. The filter char-
acteristic does not flatten in the stop
band; rather, the attenuation rate ap-
proaches 12 dB per octave far from the
center frequency, and attenuation is
still increasing at the noise level of the
instrument.

Sensitivity and Analyzing Range

Other features of the new analyzer
include full-scale meter ranges from
100 microvolts to 300 volts (in 10-dB
steps) and extremely low input-circuit
distortion, so low that it cannot be
detected by the analyzer itself, which
can detect harmonic-distortion prod-

SEPTEMBER 1966

ucts as low as 0.019%. For manual
analysis, the analyzing range is never
limited by input-circuit distortion and
rarely by lack of sensitivity. Sensitivity
can be increased to 10 microvolts, full
scale, at an input impedance equivalent
to 6 pF shunted by 500 megohms, by
use of a Type 1560-P40 Preamplifier.
The preamplifier, shown in Iigure 1, is
designed to drive long connecting
cables, permitting the analyzer to be
operated remote from the signal source.
Power for the preamplifier is supplied
by the analyzer.

Calibration

A built-in, feedback-type- calibrator
can check amplitude calibration at any
frequency. When greatest accuracy is
required, the instrument can be cali-
brated at the frequency of each compo-
nent in the spectrum being measured.

Dynamic Range — Automatic Recording

The Typr 1568-A has a wide dynamic
range, which is necessary for a wide
analyzing range in automatic record-
ing. Dynamie range, an often-misun-
derstood term, means the range be-
tween overload and noise level at any
one setting of the attenuator controls
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The dynamic range of the TYpE 1568-A
varies somewhat with frequency, but it
is sufficient to yield a recording range
that approaches 80 dB when the over-
all signal applied to the analyzer is 30
millivolts or greater. The Tyre 1568-A
has been designed for convenient auto-
matic recording with the Type 1521-B
Graphic Level Recorder ! (combination
shown in Figure 3). The frequency
range changes automatically when the
main frequency control is driven. The
chart produced has a frequency scale of

1 Martin W. Basch, * New Talents for the Graphic Level
Recorder,” General Radio Ezperimenter, September 1964,

Figure 3. The analyzer coupled
to the Type 1521-B Graphic
Level Recorder for the auto-
matic plotting of frequency
spectra. The chart paper has a
logarithmic frequency scale,
and frequency ranges on the
analyzer are changed auto-
matically.

10 inches per decade and a 4-inch verti-
cal scale of 20, 40, or 80 dB, depending
on the recorder potentiometer used.

APPLICATIONS

The following discussion of applica-
tions necessarily includes a comparison
of the Tyre 1568-A and fixed-band-
width wave analyzers. It should be
emphasized that the Type 1568-A’s
advantages of low price, portability,
and ease of use will, for some applica-
tions, outweigh some of the features of
the complex and more expensive fixed-
bandwidth analyzers.

§
gi?-: i T HHEH

FREQUENCY MULTIPLIER X 10 (1100
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Measurement of Harmonic Distortion

Harmonic distortion is readily meas-
ured with either type of analyzer,
though some fixed-bandwidth models
do not have sufficient filter attenuation
at frequencies below 100 Hz. The
second harmonie, being closest to the
fundamental, is the most diffieult to
resolve. When the analyzer is tuned to
the second harmonic, attenuation of
the fundamental must be sufficient to
reduce its level to less than that of the
harmonie. Half-frequency attenuation
in the Type 1568-A Wave Analyzer is
at least 75 dB, independent of the fre-
quency to which it is tuned. When the
third harmonic is selected, the funda-
mental is attenuated by more than
85 dB.

Harmonic Analysis

The TypE 1568-A will separate about
50 harmonics, a sufficient number for
almost all applications. Above this
number, it will display the envelope
of the spectrum, which usually con-
tains sufficient information. Figure 4
illustrates this effect.

When more than 50 components of a
simple periodic signal are to be resolved,
there may be some advantage in a
fixed-bandwidth analyzer and a linear
frequency scale for recording. The
separate harmonics are spaced an equal
number of hertz apart, and so, if a

SEPTEMBER 1966

fixed-bandwidth analyzer has sufficient
attenuation to resolve a few harmonics
(it may not at low frequency), it will
resolve them all within its amplitude
and frequency limits.

Measurements on Modulated Signals

A periodic signal modulated with a
simple periodic signal also has equally
spaced components. Component spac-
ing is equal to the fundamental fre-
quency of the modulating signal.

Whether the Typr 1568-A can re-
solve a carrier and sidebands depends
on the ratio of the carrier frequency to
the lowest frequency component of the
modulating signal and also on the rela-
tive amplitude of these components.
As a rule of thumb, the frequency ratio
must be less than 50.

Measurement of Discrete Components at
Low Frequencies

The bandwidth of the Tyre 1568-A
is reduced to 0.2 Hz at its low-fre-
quency limit, much narrower than that
of even the narrowest fixed-bandwidth
analyzers. At low frequencies it can
separate components spaced only a
fraction of one hertz apart. Further-
more, in this range, it does not have
the annoying frequency drift associated
with some heterodyne instruments, and
its frequeney accuracy and dial resolu-
tion are far superior. The filter curves
for the Type 1568-A Wave Analyzer

Figure 4. Frequency spectrum

analysis of a 1.0-ms pulse at

TLLL

a 70-Hz repetition rate. The
1% bandwidth yields high
resolution at low frequencies,
shows the envelope at high
frequencies.
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and the Tyre 1900-A Wave Analyzer, 2
a constant-bandwidth instrument, are
compared in Figure 5 at center fre-
quencies of 20 and 60 Hz. The band-
width of the Type 1900-A is set to
3 Hz, its narrowest.

Measurements of Discrete Components of
Other Types of Signal

In a data-transmission system many
carriers may be used for information
transmission. It is often desirable to
monitor each carrier individually for
amplitude and frequency. The Tyerm
1568 and a frequency meter make an
excellent combination for this purpose.

In an Instrument Landing System,
distortion products must be low to en-
sure an aceurate, course-direction indi-
cation in the cabin of a landing aircraft.
The analyzer can be used to check
distortion by measuring the spectrum

2 Arnold Peterson, ‘“New Wave Analyzer has 3 Band-
widths, 80-dB Dynamic Range,”’ General Radio Experi-
menter, April 1964.

3 Arnold Peterson, ‘‘ Vibration: Problems, Measurements,
and Control,"” General Radio Preprint B-22.

o]

of the sideband energy produced by
the ILS Localizer Transmitter.

Random-Noise Measurements

The detail required in the analysis
of noise spectra containing no impor-
tant discrete components does not
often warrant the use of a bandwidth
as narrow as that of the Typr 1568-A.
The one-third- or one-tenth-octave
bandwidths of the Tyre 1564-A Sound
and Vibration Analyzer are better
suited to this application. The Typr
1568-A is generally used when a re-
corded analysis is desired. However,
the analyzer can be used manually and
a sLow meter speed is included to facili-
tate noise measurements.

Analysis of Machinery Noise and Vibration

The reduction of the sound and vi-
bration generated by machines and
appliances is becoming increasingly im-
portant,? because of their effect on man
and because they result in mechanical
failure and excessive wear of machine

TYPE I200-A WAVE ANALYZER

WITHI BANDWI[H]'H SET TO 3Hz
|

TYPE I568-A WAVE ANALYZER
_~|% BANDWIDTH SET TO 60Hz
CENTER FRIEQUENCY

-2
~

L
I |
TYPE 1568—A

~” WAVE ANALYZER
/ 1% BANDWIDTH SET TO
20z CENTER FREQUENCY.

NN

RELATIVE LEVELS (DECIBELS)
£ o
L= (=}
\\\\\

Y

TN

B A / N \‘\
=10 =8 -6 -4 —2 (o] 2 4 6 8 1o
FREQUENCY (Hz) =)

Figure 5. Comparison of the filter characteristics of the Type 1568-A Wave Analyzer at 20 Hz and 60
Hz with the 3-Hz bandwidth of the Type 1900-A Wave Analyzer.
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Figure 6. Chart records of the vibration
acceleration spectrum of a motor and gear-
train assembly (see sketch). (a) A 1%-band-
width analysis, taken with the Type 1568-A
Wave Analyzer and (b) a V3-octave analy-
sis. For diagnostic measurements of this kind,
the detail of the spectrum provided by the
1% bandwidth is by far the better.

elements. The source of the noise with-
in the machine must first be identified,
then eliminated or reduced. A fine-
spectrum analysis of the sound or vibra-
tion (or both) with the Type 1568-A
Wave Analyzer will show various dis-
crete frequencies and resonances, which
can be related to motion within the
machine. Broader-band octave or one-
third-octave measurements are of little
use in such diagnostic applications.
Figure 6 shows the acceleration spec-
trum measured on the housing of a
machine employing a high-speed uni-
versal motor and gear train. For com-
parison, a one-third-octave spectrum is
also shown. The various sources of
vibration that are identified include

FREQUENCY MULTIFLEN D1 00 000 & 000

frequencies caused by motor-armature
unbalance and gear-teeth meshing. The
large component at 3270 Hz is critical,
from the standpoint of its effect on
man, since it is in the frequency range
where human hearing is most acute. A
reduction in the level of this compo-
nent through improved gear design at
this point would markedly reduce the
loudness and speech-interference level
of the sound. Alternatively, to reduce
loudness, the frequency of this compo-
nent might be shifted by a change in
design. Various other components will
be found critical when other aspects of
the vibration problem are considered.
For example, bearing wear could be
reduced by improved armature balance.
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Mil-Std-740B

Mil-Standard-740B (SHIPS) (Air-
borne and Structureborne Noise Meas-
urements and Acceptance Criteria of
Shipboard Equipment) allows a nar-
row-band vibration analysis in the
frequency range below 500 Hz when
requirements cannot be met by a one-

third-octave analysis. The acceptance
limits are the same in either case. A
narrow band is defined as ““. . . a band
whose width is not less than one per-
cent or more than eight percent of the
band center frequency.” This specifica-
tion should make the Type 1568-A an
important tool for acceptance testing
in accordance with the standard.

DESCRIPTION

Input

The block diagram of Figure 7 shows the
various sections that make up the analyzer.
The xvur drives a three-section attenuator.
The first section is operated by the dial of
the coaxial METER RANGE switch and is set in
accordance with the over-all level of the sig-
nal being measured. The second block in the
diagram represents part of the analyzing at-
tenuator, which is adjusted by the knob of
the same switch. A third attenuator, which is
continuously adjustable, is used in amplitude
calibration. The attenuators present a nearly
constant impedance of 100 k@ at the input
connectors.

+W. R. Kundert, “The RC Amplifier-Type Active
Filter: A Design Method for Optimum Stability,” IEEE
Transactions on Audio, Vol. AU-12, No. 4, July-August
1064, p 66-71. (General Radio Reprint A-113).

+ 15 VOLTS DC

Filter

The filter used in the Tyre 1568-A is unique.*
Active rc filters often require an unreasonable
degree of stability in one or more filter com-
ponents to maintain stable transmission with
tuning, time, temperature, and other variables.
However, it is possible by careful design to
trade off component sensitivities and thus to
reduce the filter sensitivity to a given disturbing
effect. In the Type 1568-A, the filter has been
designed for low sensitivity to tracking errors in
the tuning potentiometer. This design also
results in relatively low sensitivity of the
filter to drift in all other passive components.
The price paid is a high sensitivity factor for
amplifier gain, but, surprisingly, an amplifier
can readily be constructed with much better
stability than that of readily available passive
components.

HIGH Q FILTER SECTION
R'S VARIED WITH FREQUENCY CONTROL
€'S VARIED WITH FREQUENCY MULTIPLIER CONTROL

INPUT AT TENUATOR ATTENUATOR
METER RANGE DIAL METER RANGE KNOB
10-dB STEPS 10-48 STEPS
TO 70 ¢8 TO 20 dB
= CALIBRATE
TO
CALIBRATION LOW Q FILTER SECTION
NETWORK R'S VARIED WITH FREQUENCY CONTROL
C'S VARIED WITH FREQUENCY MULTIPLIER CONTROL
ATTENUATOR ATTENUATOR
S ETER RANGE KNOB
R ONE 10-d8 STEP

16

METER AMPLIFIER
PLIRER AND_AVERAGE
DETECTOR

Figure 7. Functional
block diagram of the
analyzer.
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The filter is synthesized as an isolated cascade
of two active, rRC resonant sections. These sec-
tions differ in @ to reduce further the effect
of potentiometer tracking error. The audio
range from 20 Hz to 20 kHz is covered in six
bands, each spanning a half decade (range of
3.16 to 1). Within any one range the instrument
is tuned by means of a four-gang potentiometer,
whose resistance-versus-angle charaecteristic
produces a logarithmic frequency scale on the
FREQUENCY conftrol. Close-tolerance polystyrene
capacitors are switched to change ranges.
Manual or automatic range changing is selected
with a panel switch. The automatic mode is
used in recording with the Graphic Level
Recorder. Three-transistor filter amplifiers pro-
vide the necessary high ratio of input to output
impedance and stable voltage gain. Asindicated
by the block diagram, sections of the analyzing
attenuator are included between the first and
second filter stages and after the second stage.
Through this separation of the analyzing
attenuator into three sections, wide dynamic
range can be maintained over a wide range of
input signal levels.

Output

A final amplifier supplies a signal for the
meter circuit and output buffer. The output
is isolated, so that performance is not affected
by the load. The 6000-ohm output is intended
primarily for driving a recorder or counter,
although any load can be connected. The
meter, driven by an average-type detector,
has three full-scale ranges: 0 to 3 and 0 to 10
volts and —15 to +2 dB for reading in dB
referred to one milliwatt in 600 ohms.

Calibrator

The feedback-type calibrator used to stand-
ardize the gain is similar to that used in other
GR analyzers. To amplitude-calibrate the in-
strument, a signal from the output amplifier is
fed to the input through a limiter and a cali-
brated attenuator. When the gain of the
analyzer is adjusted, by means of the cav
control, to equal the loss in the feedback path,
the system oscillates, signifying that the instru-
ment is calibrated as a voltmeter. The fre-
quency of oscillation is determined by the center
frequency of the filter, and this calibration can
be made at any selected frequency. For the
measurement of levels in dB or percent, with
an arbitrary reference, a special attenuator dial
is supplied, and the instrument is calibrated to
suit a reference level.

Power Supply

The power supply permits either line or bat-
tery operation. The battery supplied is a
rechargeable nickel-cadmium unit, which also

SEPTEMBER 1966

Warren R. Kundert
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ments fur measurements at audio frequen-
cies. He is a member of the IEEE, Acous-
tical Society of America, Audio Engineering
Society, and Eta I\d[)]hl. Nu.

serves as a ripple filter for line operation. The
built-in charger operates from the ae line.
A fully charged battery provides about 20
hours of operation and requires 16 hours for
recharging. Though the instrument should nor-
mally be operated using line power when it is
available, because of grounding considerations
it is sometimes desirable to operate the instru-
ment isolated from the line.

Cabinet

The analyzer is packaged in the General
Radio Flip-Tilt case, whose protective cover
serves as a mounting base when the instrument
is in use and allows its panel to be adjusted
to a convenient angle for operation. Alter-
natively, the analyzer can be supplied adapted
for rack mounting.

The Tyre 1568-A Wave Analyzer is
an important new instrument for both
electrical and sound-and-vibration
analysis when high resolution is needed.
For sound-and-vibration work, it fills a
gap between the Tyre 1564-A Sound
and Vibration Analyzer (1/3 octave
and 1/10 octave) and the Typre 1900-A
Wave Analyzer. It combines the de-
sirable features of a narrow, constant-
percentage-bandwidth analyzer with an
excellent filter shape. Its low cost, port-
ability, and simplicity of operation,
and the option of line or battery opera-
tion are features seldom encountered in

other wave analyzers.
— W. R. KuNDERT

\\ File Courtesy of GRWiki.org
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SPECIFICATIONS

 FREQUENCY

Range: 20 Hz to 20 kHz in six half-decade
bands.

Dial Calibration: Logarithmiec.

Accuracy of Frequency Calibration: 19.

Filter Characteristics: Bandwidth between 3-dB
points on selectivity curve (see Figure 2) is
one percent of selected frequency.

Attenuation at 209 above and at 20%
below selected frequency is greater than 50 dB
referred to the level at the selected frequency.
Attenuation at twice and at one-half the se-
lected frequency is at least 75 dB referred to
the level at the selected frequency. Ultimate
attenuation is greater than 85 dB.

Uniformity of filter peak response with
tuning is &1 dB from 20 Hz to 6.3 kHz and
+2 dB from 20 Hz to 20 kHz.

INPUT

Impedance: 100 k.

Voltage Range: 100 uV to 300 V, full scale, in
3-10 series steps. Power is supplied at input
socket for the Type 1560-P40 Preamplifier,
which extends the sensitivity to 10 uV, full
scale, and increases the input impedance to
more than 500 M.

Distortion: Input-circuit distortion is lower
than —80 dB relative to input-signal level.

OUTPUT

Impedance: 6000 Q. Any load can be connected.
Voltage: At least one volt open circuit when
meter reads full scale.

Crest-Factor Capacity: Greater than 13 dB.
Output Meter: In addition to normal-speed
mode, meter has slow-speed mode for manual
measurements of noise,

GENERAL

Analyzing Range: 80 dB. Components of an
input signal that differ in amplitude by as
much ag 80 dB can be measured.

Avutomatic Recording: Automatic range switch-
ing is provided to allow convenient, continu-
ous spectrum plotting when the Tyre 1521
Graphic Level Recorder is used. Medium-
speed motor is recommended. Chart paper is
Catalog No. 1521-9475. Frequency scale is
logarithmie, 10 inches per decade; vertical
scale is 4 inches for 20, 40, or 80 dB, depend-
ing on the potentiometer used in the recorder.
Amplitude Calibrator: A built-in, feedback-type
calibration system permits amplitude calibra-
tion at any frequency.

Accessories Supplied: Tyre CAP-22 Power Cord;
Tyee 1568-2090 Detented Knob and Dial
Assembly, used to facilitate measuring the
components of an input signal as a percentage
or in decibels with an arbitrary voltage refer-
ence.

Power Supply: 100 to 125 or 200 to 250 V,
50 to 60 Hz. 2 W for normal operation, 3.5 W
for battery operation. A rechargeable nickel-
cadmium battery is also supplied. Battery pro-
vides about 20 hours of operation when fully
charged and requires 16 hours for charging.
Internal charger operates from the power line.
Mounting: Flip-Tilt case.

Dimensions: Portable model, with case closed,
width 1314, height 13, depth 814 inches, (340,
330, 210 mm), over-all, including handle. Rack
model, 19-inch (485 mm) rack panel, 1214
inches (35 mm) high; depth behind panel
5 inches (130 mm).

Net Weight: 2115 1b (10.0 kg).

Shipping Weight: 27 1b (12.5 kg).

Catalog Number l Description | Pricein USA
1568-9701 Type 1568-A Wave Analyzer, Portable Model $1350.00
1568-9820 Type 1568-A Wave Analyzer, Rack Model 1350.00
1560-9510 Type 1560-P40J Preamplifier and Adaptor Set * 184.00

U. S. Patent Nos. 3,012,197; D187,740; 2,966,257.

* For complete details see General Radio Exzperimenter, June 1965.

New BIG  [Mavac N,
Smith Charts R a@lea=

Occasional inquiries for Smith Charts
larger than the standard 88" x 11”
size have induced us to introduce a new
giant-size chart, which is 2214" x 35"
These charts, direct enlargements of
the regular normalized Smith Chart,

are printed on relatively heavy paper
in red ink. We assume their greatest
use would be in clagsrooms or confer-
ences where several people are involved.
However, some presbyopic engineers
may also find them useful. The new
charts are Catalog No. 5301-7563 NX,
and pads of about 75 sheets are $6.00.

ADDITION — The publication date of
the report given in Footnote 1, page 3
of the August Experimenter was August
19, 1963.
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VIBRATION ANALYSIS KEEPS ‘COPTERS FLYING

Boeing “Chinook” helicopters in Viet
Nam are providing better service at less
expense to Uncle Sam, thanks in part
to GR’s Type 1564-A Sound and Vi-
bration Analyzer. Field service engi-
neers of Boeing’s Vertol Division re-
porting from the combat zone tell of
consistent success with the analyzer in
spotting potential problems in the heli-
copters’ engines, transmissions, drive
shafts, and auxiliary equipment, as
part of normal preventive maintenance
procedures, Early diagnosis of impend-
ing trouble helps keep these modern-
day pack mules in service when they
are so badly needed and saves count-
less tax dollars in repair costs.

For use with the Sound and Vibra-
tion Analyzer, Boeing specifies the
Tyepe 1560-P52 Vibration Pickup, the
Tyerr 1560-P35 Permanent-Magnet
Clamp, and a 25-foot extension cable

for the pickup. The magnetic clamp is
used to secure the pickup to aluminum
bolts (which contain steel) on the heli-
copter structure. For locations where
magnetic clamping is impossible, Boe-
ing’s engineers use a vice-grip clamp,
to which has been brazed a bracket
with a 14-28 threaded stud that ac-
cepts the pickup.

Trouble-shooting usually consists of
measuring the frequency of a vibration
and then tracking down its source by
relating the vibration frequency to the
characteristic speeds of various compo-
nents.

This vibration-measuring system has
been praised for sensitivity (better
than 0.001 G), frequency accuracy
(£29%), and frequency discrimination
(79% bandwidth). Vibration compo-
nents at frequencies from 3.8 to 250 Hz
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Engineer measures the frequencies of the vibration components in

a helicopter transmission. He can then track down the vibration

sources by relating the measured frequencies to the characteristic
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are measured with separations as small The rechargeable batteries

as 1.5 Hz at low frequencies. charged overnight from any field gen-
The portability of the 1564 is all- erator to be ready at a moment’s no-

important in this application. In-flight tice.
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Figure 1. The Type 1525-A Data Recorder.

A MAGNETIC TAPE RECORDER FOR ACOUSTICAL,
VIBRATION, AND OTHER AUDIO-FREQUENCY
MEASUREMENTS

Magnetic tape recorders are widely
used in science and engineering for
storing signals from transducers in a
reproducible form. Although a re-
markable variety of tape recorders
is available, only one, the new Type
1525-A Data Recorder, is designed
specifically for the important field
of acoustic-noise measurement. It is
an unusually useful tool in noise-
control programs and a basic instru-
ment for many acoustical measure-
ments. The use of this recorder is,
of course, not limited to recording
signals from microphones only; elec-
trical signals from other transducers,
such as those from vibration pickups,
can be measured, recorded, and
reproduced, as can any signals in
the audio-frequency range.

APPLICATIONS OF RECORDERS IN
ACOUSTICAL MEASUREMENTS

Owing to the widespread use of tape
recording, the general principles of
operation are well known, and some
applications to acoustic-noise studies
are obvious. But in order to discuss
the features that make the Typr 1525-A
Data Recorder particularly well suited
for acoustic-noise measurements, it will
be helpful first to review a number of
these applications.

Non-Steady-State Sounds

Tape-recording a noise is sometimes
an obvious first step in getting the
information needed to solve a noise
problem. I'or example, if the sound is
of relatively short duration, as in a

File Courtesy of GRWiki.org
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rocket blastoff, many machining opera-
tions, a single note from a musieal
instrument, and speech syllables, a
recording for later playback and analy-
sis is often almost essential. One can
then form a section of the recorded tape
into a loop for continuous playback to
facilitate the frequency analysis.

Similarly, impact or explosive sounds,
such as those produced by blasting, gun
shots, drop forges, and typewriters,
can be easily studied after they are
made repetitive by means of tape
loops.

The analysis of intermittent sounds
or signals can be a helpful step in
tracking down the sound sources. By
means of tape recording, one can moni-
tor the noise from a device for long
periods to catch these intermittent
sounds, which can then be separated out
for analysis.

Some sounds vary significantly in
level and character with time. Appli-
ances that go through a cycle of differ-
ent operations (dishwashers and clothes
washers, for example) produce such
sounds. Aircraft flyby is another ex-

ample. Although an appliance can be
programmed to stay in the same phase
of the ecycle for long periods, it is
usually more convenient to make a
recording of each phase. Sections can
then be separated out for detailed
analysis.

Some devices, for example a gas
engine, drift slowly but significantly in
speed. As a result, the basic noise
pattern changes, and the drift is often
serious enough to preclude direct, de-
tailed analysis of the noise spectrum
at a variety of speeds with the usual
slow-scan techniques. One can, how-
ever, run the engine for a reasonable peri-
od at each of a number of selected nomi-
nal speeds and record short samples, say
two seconds, at each of these speeds to
form a series of tape loops. Each loop
is played back and is analyzed by
a wave analyzer. Since the inertia of
the rotating system is often so large
that serious fluctuations in speed do
not occur in the short interval of the
tape loop, the engineer obtains a series
of frequency spectra that can be related
to shaft speed. He may then be able

Figure 2. Recorder,
showing loop mechan-
ism.
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to deduce much about the noise pro-
ducing mechanisms from the relations
between amplitude, frequency and shaft
speed.

On-Site Recording

The complex instruments used in
studying a noise can be installed and
operated most conveniently in an acous-
tical laboratory set up for that purpose.
If the noisy machine cannot readily be
brought to the laboratory for study,
the noise can be recorded at the site and
later analyzed under laboratory con-
ditions.

When it is expensive, impractical or
inconvenient to run a noisy device
for long periods or repeatedly for short
periods, tape-recording simplifies the
problem of studying the sound. Jets,
rockets, turbines, compressors, and
other large machines are expensive to
run, and tape recordings of the noise
they generate will save money.

An experienced engineer can often
decide quickly just what information he
needs to produce an economical solution
to a noise problem. Occasionally, how-
ever, he may find that he needs more
information than he at first expected.
If he still has the original source to
test, he can proceed to get the added
information. If he has gone to some dis-
tant place to make the measurement,
however, he may not have brought with
him the equipment that he needs for
a more detailed test. If he makes a tape
recording of the noise, he can later
make as detailed a study as he wishes
at his home base.

Avoiding Ambient Noise Interference

Background noise may make noise
studies of machines impractical when
acoustically isolated rooms are not

October 1966

available. Often, however, the back-
ground noise is much less during lunch
periods or outside normal working
hours, particularly early in the morn-
ing, and measurements may then be
practical. Iiven during such periods a
complete study of the noise may be
awkward or inconvenient, but, if tape
recordings can be made during the quiet
periods, the recorded signal can be
analyzed at any convenient time.

Frequency and Time Scaling

Tape recording has also been used
for frequency translation to bring a
sound into the optimum operating range
of particular instruments used for the
analysis. Although dramatic changes of
scale are not possible in one step, the
Type 1525-A Data Recorder does make
possible a two-to-one shift. Both the
frequency and time scales are changed.

When recording and playback are at
different tape speeds (this is discussed
under Time and Frequency Translation,
page 12), the frequency shift for wave
analyzers of the constant-hertz-band-
width type results in an apparent
change in effective bandwidth, which
may also be useful. The time-scale
shift can be particularly useful in effec-
tively doubling the speed of graphic
recorders.

Impact sounds have a very rapid rise
in sound level following the impact,
but the subsequent decay of the sound
is much slower. If one desires to record
graphically the peak level, the task is
less demanding of the instrumentation
when the time scale of such a transient
is reversed. The tape recorder makes
this inversion possible. Incidentally,
one can dramatically illustrate the
significance of attack, or initial tran-
sient, on the subjective response to a
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sound by playing backwards a tape
recording of a piano selection.

Comparisons of Recordings

Tape recorders are used to keep re-
producible records of progressive
changes in a sound. These changes
may be a result of the application of
successive noise-control procedures, for
example. Such a series of records may
be particularly useful for demonstrating
to a consultant’s client or to the man-
agement of a plant what has been
accomplished in reducing noise. From
an engineering viewpoint, these record-
ings are valuable when a change in
plans requires a change in analysis
procedure.

The recordings of noisy devices con-
stitute a useful library of reproducible
sounds. They ecan be a convenient
means of demonstrating comparisons
between different makes of the same
product or of demonstrating the prob-
able effects of contemplated noise-
control procedures.

The tape recorder permits one to
make subjective comparisons of the
noise from different devices when the
devices themselves may not be avail-
able at the same time or place, or when
they cannot be conveniently operated
in such a fashion that easy and psycho-
logically valid comparisons can be made.

The Second Channel

By virtue of its two channels, the
Type 1525-A has a number of addi-
tional advantages and uses.

Source and Detector

The recorder can function as a
measurement system with one channel
used to play a recorded test signal and
the other channel used to record the

results of the application of the signal
to the device under test. The recorded
source signals may be a series of third-
octave or octave bands of noise, a pure
tone swept over the audio range, or any
of a wide wvariety of audio signals.
Reverberation measurements can be
facilitated by this technique.

A recorded signal can also be played
back and measured on the main ampli-
fier to obtain an A-weighted level, for
example.

Narration

The second channel is often used as
a ‘“‘talk-in” channel to desecribe the
conditions of the test, the settings of
the controls, any changes that occur
during the test, and other pertinent
details. This procedure, when prompted
by a check list, helps one to avoid mis-
takes in the original recording procedure
and also ensures that a recording does
not become useless if the written sum-
mary of the original test conditions is
mislaid.
Timing

The signal recorded on the second
channel can be a timing signal that is
related to the information recorded on
the first channel. For example, in
studies of the vibration of rotating
machinery, one may wish to relate the
vibration at a particular instant to the
angular position of a rotating shaft. A
signal controlled by a contactor or a
photoelectric pickoff can be recorded
on the second channel for this purpose.

GENERAL DESCRIPTION OF THE
INSTRUMENT

The Tyere 1525-A Data Recorder
operates on the same principles as other
magnetic-tape direct-recording systems
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Figure 3. Block diagram of the recorder.

already deseribed in detail in other
publications, and a review of these
principles is therefore unnecessary here.
It does, however, differ from other
tape recorders in a number of details
that make it better suited for acoustic
noise measurement and noise-control
applications. These details will be
discussed after a brief summary of the
elements that make up the recorder.

Tape Transport

The Type 1525-A Data Recorder
uses an Ampex PR-10-2 tape-transport
mechanism, a widely used, professional-
quality unit. This transport has two
tape speeds, 15 and 714 in/s. The tape
speed is exceptionally constant, with
low flutter and wow.

Electronic System

The wvarious elements of the elec-
tronic system are shown in the block
diagram of Iigure 3. The main ampli-
fier, called channel 1, has a field-effect
input stage, followed by a series of
weighting networks and a high-gain
amplifier, whose gain is controlled by

an accurate step attenuator and a
continuous control. This amplifier sup-
plies a signal to one of the windings on
the record head and to an overload
indicator. The signals to the record heads
can be disconnected by a selector switch.

The second record amplifier is a
simple two-stage transistor unit that
supplies a signal to the other winding
on the record head. This channel can
be used in combination with the first
to provide binaural recording.

When additional gain is needed, the
Tyre 1560-P40 Preamplifier! (20 dB) or
an auxiliary Tyee 1551-C Sound-Level
Meter? (100 dB) is recommended.

When the instrument is recording,
the bias-and-erase oscillator at about
95 kHz is energized, and it supplies an
erase signal and a bias signal for the
erase and record heads, respectively,
for the selected channel or channels.

The outputs of both windings of the
playback head are amplified by two
identical amplifiers, and the outputs

1C., H. Woodward, “A New Low-Noise Preamplifier,”
('cm‘m.i Radia l'..rpr'rrmen!(r June 1965.

2 15, B, Gross, “ Tyen 1551-C Sound-Level Meter,” General
hadw Ezxpertmenter, August 1961,
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of the amplifiers are always available
at jacks on the front panel, even during
recording. Each amplifier includes the
equalization circuits for NAB recording
and for constant-current recording at
744 and 15 in/s.

A monitoring amplifier that drives
an output jack and an indicating instru-
ment with the characteristics specified
for sound-level-meter instruments can
be switched te monitor the signals
either at the record head or at the out-
puts of the playback amplifiers.

IMPORTANT FEATURES

The field-effect input stage for the
main amplifier has so high an input
impedance that a Tyrr 1560-P5 piezo-
electric ceramic measurement micro-
phone or a vibration pickup can be
used directly "at the input. Sufficient
gain is provided to make possible a
setting of the calibration control for
direct reading of sound level over a
range of 34 to 140 dB (re 0.0002 pbar),

Figure 4. The Type 1560-P40K Preamplifier and
Microphone Set, with an additienal Type 1560-P5
Microphone, is a convenient accessory for two-
channel operation of the recorder.

even with 25 feet of cable between the
microphone and the data recorder.
These circuits, with the Type 1560-P5
Microphone, meet the requirements for
sound-level meters as specified in Amer-
ican Standard S1.4-1961 and the Inter-
national Electrotechnical Commission
123-1961.

If the best signal-to-noise ratio is
desired at low-to-moderate sound levels,
use of the Type 1560-P40 Preamplifier
is recommended. Very long cables can
be used between this preamplifier and
the recorder without significant loss in
signal. The recorder supplies the dec
power required by preamplifiers for
both channels.

The frequency response of the weight-
ing networks provided in the main
amplifier is shown in I'igure 5. The A-
B-, and C-weighting characteristics of
the sound-level meter permit one to
make the usual weighted-level readings.
The A-weighting network is particularly
popular as a means for obtaining a
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single number for rating a noise. The
D-weighting network has a decreasing
response above 1 kHz. It has seen some
use, but it is not specified by current
standards. It permits one to make a
quick estimate of the relative energy
above 1 kHz by a comparison of the
relative levels of the C-weighted re-
sponse and the D-weighted response.

The standard sound-level-meter char-
acteristics provided here make possible
the measurement of a noise by approved
techniques before it is recorded. This
cannot be done directly on other tape
recorders.

In addition to these sound-level-
meter weighting characteristics, a flat,
or uniform, response and NAB-weight-
ing characteristics are provided. The
NAB responses are those specified by
the National Association of Broadcast-
ers for tape recorders, and they have
been designed for good results with
speech and music signals. The re-
sponses, as shown in Figure 5, have
rising characteristics at both high and
low frequencies. Although such re-
sponses are generally helpful in obtain-

+15
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ing a better dynamic range for speech
and musie, it is not usually desirable
for recording industrial noises. As an
alternate, therefore, the flat response,
which is often called “constant-current”
in magnetic-tape recording, has also
been provided. It is this characteristic
that should be used for recording most
noise signals. This constant-current
recording is not available on tape
recorders designed for speech and music
but only on instrumentation-type re-
corders.

On high-fidelity and professional
types of magnetic-tape recorders de-
signed for speech and music recording,
the metering system monitors the
signal level before any modification of
the response characteristic is made.
This modification, usually called pre-
emphasis, affects a signal in a manner
that depends on the spectrum of the
signal. One cannot therefore be certain,
without knowing much about the signal,
what happens to the recorded signal.
On such recorders it is possible for some
types of signals to have the recording
approach saturation of the tape even
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Figure 6. Amplitude-response characteristic of
the complete instrument at 1000 Hz.

when the monitoring meter stays within
the normal operating range. The Tyru
1525-A Data Recorder avoids this pos-
sibility, because its metering ecircuit
is placed after all the weighting net-
works and just before the final stage
driving the recording head.

In addition to supplying the meter
monitoring circuit, the output of the
main amplifier is applied to a peak-
responding detector. When the output
of this detector exceeds a preset value,
which is near the point at which the
recording-head current would saturate
the magnetic tape, the output triggers
a circuit that causes a light to turn on.
It stays on until a reset button is
pressed. This light functions as a
monitor for impact-type sounds or
vibrations, whose peak levels are not
satisfactorily indicated by the relatively
slow meter movement. It makes possible
the selection of the proper amplifier-
gain setting for such sounds without
danger of overloaded and spoiled re-
cordings.

3 Arnold Peterson, “New Wave Analyzer Has 3 Band-

widths, 80-dB Dynamic Range," General Radio Ezperi-
menter, April 1964,

Linearity

Linearity of response is an important
characteristic when a tape recorder is
used as a measurement device. The
linearity at high levels is limited by
magnetic saturation of the tape, and
the apparent linearity at low levels
is limited by tape noise. The results
of some measurements of this linearity
are shown in Figure 6. In this measure-
ment the output of the playback signal
was analyzed by the Type 1900-A Wave
Analyzer,® set for a 10-Hz bandwidth.
This reduced the effects of noise and
eliminated the false improvement in ap-
parent linearity that would result from
including harmonics in the measured
signal at high levels. The excellent
linearity over a range of more than 70
dB is obvious from the plotted re-
sults.

Low-Frequency Response

The low-frequency response of the
usual tape recorder designed for speech
and music is not good below 40 or 50
Hz. In contrast with this performance,
the response of this new tape recorder at
the 7Y%-in’s, flat-recording condition
is remarkably uniform down to 20 Hz
with only a few dB drop in response at
15 Hz. This performance is important
for many industrial noises that have
maximum energy at these lower fre-
quencies, and it increases the usefulness
of the recorder for many applications
in the field of vibration control, par-
ticularly where the ultimate goal is
acoustic-noise control. Typical over-all
response characteristics are shown in
Figure 7.

The generally good response of this
recorder can be illustrated in another
way. The analyses of a test signal ap-
plied to the recorder and of the signal

L | File Courtesy of GRWiki.org
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~
— Figure 7. Typical over-
all frequency response
characteristics.
T

RELATIVE RESPONSE - dB

=

FREQUENCY IN HERTZ

played back from the recorded tape are
shown in Figures 8 and 9. This test
signal was an 8-kHz tone burst of
4 ecycles duration repeated every 2.5
milliseconds. This test tone has a wide
range of component frequencies as
shown by the analyses, and the good
frequency response is shown by the
close similarity of the before-and-after
analyses.

Attenuator

The accurate step attenuator in the
main amplifier has several advantages.
It makes possible recordings over a
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Figure B. Analysis of an 8-kHz tone burst applied
to the tape recorder. The tone burst was of 4
cycles duration repeated every 2.5 milliseconds.

10,000 2000

wide range of levels with a good
dynamic range. This feature is not
provided on most tape recorders, and
it is essential for handling the wide
range of signal levels encountered in
noise-control work. It also makes pos-
sible the use of a calibrating signal
(such as that from a Tyre 1552-B
Sound-Level Calibrator driving a meas-
urement microphone or a TyprE 1557-A
Vibration Calibrator driving a pickup)
that is widely different in level from the
signal to be studied. The difference in
the settings of the step attenuator
for the calibrating and the unknown
signals is then used to relate the play-
back levels of the two signals. Expressed

===

HES;’ONSE IN dB

i

20

10
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kHz

Figure 9. Analysis upon playback of the tone
burst of Figure 8.
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in another way, the accurate step
attenuator is used to shift a calibrating
signal to any convenient level before re-
cording. This procedure is an essential
element for accurate measurements
on a recorded signal.

Tape Loops

In many applications of a recorder
in noise-control studies, a section of
the tape is cut out and formed into a
loop for continuous playback and anal-
ysis by a sweeping analyzer. The TyPE
1525-A Data Recorder includes tape
loop guides that simplify the playback
of these loops. (See Figure 2.)

Because of the type of noise usually
encountered, the bandwidths used for

PLAYBACK FREQUENCY (7‘
100 500 1000

500
RECORDED FREQUENCY-Hz

analysis, and the averaging times em-
ployed, a sample duration of 2 to 3
seconds is convenient for acoustic and
vibration studies. A length of loop that
gives this duration is readily used on
the Tyerr 1525-A Data Recorder.

Time and Frequency Translation

The response characteristics given
above apply for recording and playback
at the same speed. If the frequency and
time scales are modified by a change in
speed between recording and playback,
the apparent frequency response is
somewhat different from that encoun-
tered in normal use, particularly at the
frequency extremes.

Graphs of measured responses are
shown in Figures 10 and 11. They illus-
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Figure 11, Over-all fre-
quency response of the
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trate the fact that the playback char-
acteristic is the dominating one. Thus,
for example, a 15-kHz tone recorded at
7.5 in/s becomes at 15 in/s a 30-kHz
tone, which is beyond the normal play-
back range, and the apparent output is
low at that frequency.

The inverse effect also occurs when
the process is reversed. A tone at 30
kHz recorded at 15 in/s becomes at
7.5 in/s a 15-kHz tone, which is within
the reproducing range of the recorder,
and satisfactory response is obtained.
By this technique the apparent fre-
quency range of the recorder for some
measurement purposes can be doubled.

The extension of the frequency range
is accompanied by another effect, how-
ever, which limits its usability. In the
magnetic material on the tape, the
mixing of the bias field and that from
the incoming signal results in some
spurious signals. The most important
of these is at a frequency of fp-2fi,
where fp is the bias frequency (about
95 kHz for the Type 1525-A) and f, is
the frequency of the signal being re-
corded. For frequencies up to 20 kHz
this spurious component is at 55 kHz
or higher, and no significant playback
output of the spurious component re-
sults. When a 40-kHz tone is recorded,
the spurious frequency is at 15 kHz,
and a significant amount of the spurious
signal is present as shown on the graph.
The relative amount of this spurious
signal drops rapidly with signal level.
The value shown was measured at the
normal maximum input level. When
the input level islowered 10 dB, the
spurious signal drops about 20 dB. In
addition, as shown on the graph, the
level of the spurious signal drops rap-
idly as the frequency is reduced, be-
coming negligible at a recording fre-

October 1966

quency of 20 kHz.

This behavior shows the main reason
for the use of a relatively high-fre-
quency bias. IFor normal recording
techniques, the bias frequency should
be significantly higher than three times
the highest signal frequency to be used
if these spurious signals are to be
avoided. For two-to-one frequency-
scaling, the ratio of bias frequency to
signal frequency should be greater
than 4:1. But if this limitation of spu-
rious signals is recognized, one can use
this recorder for some applications at
frequencies well above 20 kHz.

Incidentally, a number of hi-fi re-
corders use a bias-oscillator frequency
in the range of 35 to 50 kHz. If an at-
tempt is made to use such recorders at
frequencies above 10 kHz, the spurious
responses may be troublesome. Any
attempt at frequency scaling downward
would be even more subject to diffi-
culty with spurious signals.

Modulation Noise

One limitation on the performance
of a tape recorder is a form of noise
known as modulation noise, which ap-
pears when a signal is recorded. The
modulation-noise energy 1is concen-
trated in the frequency region imme-
diately adjacent to that of the applied
signal frequency components. The ef-
fect can be measured by an analysis of
the playback of a recorded pure tone.
The results of such a measurement on
a Tyee 1525-A Data Recorder are
shown in Figure 12. The level of the
recorded 1-kHz tone is displayed as
0 dB, and the accompanying noise
measured in the 10-Hz passband of the
Typre 1900-A Wave Analyzer is shown
to peak in the vieinity of 1 kHz and to
be more than 60 dB lower. A similar

File Courtesy of GRWiki.org
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Figure 12, An analysis of the playback signal

of a recorded 1000-Hz tone. The analysis on the

Type 1900-AWave Analyzer with a 10-Hz band-

width shows the relative levels of the tone and

the noise added in the recording and playback

process. Note that the ordinate scale covers a
range of 80 dB.

measurement for a 5-kHz tone is shown
in Figure 13. The modulation noise
measured here is significantly lower
than that obtained on many other
recorders, and it is so low that it does
not ordinarily limit the performance of
the recorder for acoustical and vibra-
tion measurements.

Modulation noise is dependent on
the tape used, the transport tape drive
and support mechanism, and the con-
dition of the tape surface and heads.
Use of high-quality tape, such as Am-
pex Type 641, careful control to avoid
accumulation of dirt particles on the
tape surface, and good maintenance of
the transport mechanism are essential
for obtaining this low level of modula-
tion noise. Fortunately, for most appli-
cations in acoustical and vibration

I
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o

Figure 13. The same as Figure 12 except that the
recorded signal was a 5000-Hz tone.

measurements, reasonable care in use,
storage, and handling is adequate for
satisfactory results.

SUMMARY

Provision of sound-level-meter char-
acteristics, a variety of weighting net-
works, an accurate step attenuator, an
amplifier with high gain and high input
impedance, a transient overload indica-
tor, two-channel recording, simultane-
ous playback on recording, good low-
frequency response, and tape loop
guides make the versatile Typr 1525-A
Data Recorder particularly well suited
for acoustic-noise and vibration meas-
urements.

— ARNOLD PETERSON
The Tyee 1525-A Data Recorder is based
on one developed for the General Radio
Company by G. W. Kamperman, D. Noiseux,
and R. V. Jones of the firm of Bolt Beranek and
Newman Inec.
Note: A brief biography of Arnold Peterson,

author of the foregoing article, appeared in the
August 1966 issue of the Excperimenter. — Editor

SPECIFICATIONS

Channels: 2 channels with separate record and
playback amplifiers and separate channel erase.
Measurement Range (Input Level): 10 uV to 1 V
on channel #1 (40 to 140 dB sound-pressure
level for microphone sensitivity of —66 dB re
1 V/ubar). About 0.7 V on channel #2 for
full-scale meter indication. (For high sensitiv-
ity, channel #2 can be driven by the output of
a separate sound-level meter.)

Frequency Response:
At 15 dn/s (38.1 em/[s)
Constant Current: 2 dB, 50 to 15,000 Hz,
+2, —1dB, 30 to 18,000

%.
NAB equalization: 2 dB, 50 to 15,000 Hz.
At 715 in/s (19.05 cm/s)
Constant Current: +2 dB, 20 to 10,000 Hz.
+Si£{, —1dB, 15 to 16,000
7.
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NAB equalization: 42, —4 dB, 50 to 15,000
Hz.
Signal-te-Noise Ratio:
NAB equalization: Over 54 dB below 29, dis-
tortion point as measured according to NAB
standard (A weighting).
Constant Current: Over 45 dB below 29 dis-
tortion point for noise band from 20 to 15,000
Hz (over 65 dB for octave band at 1 kHz)
with input to channel #1 of greater than 10 mV.
Inout Impedance: Channel #I: approx 20 pF
shunted by 400 M.
Channel #2: >100 kQ.
Weighting Characteristics: NAB and constant
current for both playback amplifiers; NAB
constant current, and A, B, and C weighting
(standard  sound-level-meter characteristic)
for record channel #2.
Monitoring: Electronic voltmeter with 16-dB
range and sound-level-meter ballistic charac-
teristies, switchable to monitor record or play-
back level on either channel. Peak monitor on
record channel #1.
Tape Speeds: 15 in/s (38.1 em /s).
714 in/s (19.05 cm /s).

Tape: 14 inch, professional quality.
Reel Size: 7-in reel (maximum).
Flutter and Wow: Below 0.29; rms.

October 1966

Bias and Erase Frequency: 95 kHz nominal;
separate erase for each channel,

Power Required: 105 to 125 V, 60 Hz, 135 W,
Accessories Supplied: Guides for tape loop;
Typ 1560-P99 Adaptor Cable; CAP-22 Power
Cord; reel of tape; rack-mount hardware;
maintenance kit.

Accessories Available: Typr 1560-P5 Miero-
phone and Type 1560-P34 Tripod and Exten-
gion Cable for sound measurements and re-
cording. Tyre 1560-PH0K Preamplifier and
Microphone Set for sound measurements and
recording at levels below 50 dB where the best
signal-to-noise ratio must be maintained (the
recorder supplies the necessary power to oper-
ate a Tyre 1560-P10 Preamplifier). For sound
and noise analysis, Tyrr 1900-A Wave Analy-
zer, Type 1564-A Sound and Vibration Ana-
lyzer, TyrE 1568-A Wave Analyzer, TyrE
1558 Octave-Band Noise Analvzers.
Dimensions: Portable model — width 21,
height 16, depth 9 inches (540, 410, 230 mm);
rack model — width 19, height 14, depth be-
hind panel 7 inches (485, 355, 180 mm),
over-all.

Net Weight: Portable model, 53 1b (25 kg);
rack model, 50 1b (23 kg).

Shipping Weight: Portable model, 60 1b (28
kg); rack model, 57 1b (26 kg).

Catalog Price
Number Description in USA
1525-9701 | Type 1525-A Data Recorder | $1995.00

A STANDARD EARPHONE COUPLER FOR
FIELD CALIBRATION OF AUDIOMETERS

There is much evidence that fre-
quent calibration of audiometers in
common use for industrial audiometry
is a practical necessity. Cudworth! has
emphasized the need for maintaining
proper calibration of audiometers and
has proposed a field calibration and
audiometer evaluation system using
the sound-level meter. Reports on au-
diometfer performance presented at
various hearing and noise symposiums
of industrial hygiene and safety organi-
zations have urged periodic calibration.

A published study ? reports on the
performance of five audiometers over a

References are listed on page 20.

period of 42 months. At the start of the
test period all were adjusted by the
manufacturer to be within specifica-
tions. They were calibrated three times
a month at first and then once a month
unless the operator suspected trouble.
A record was kept of calibration results,
and a note made each time an audio-
meter performed outside its specifica-
tion. The results are significant:

Defect Number of
in Performance Occurrences
Sound pressure at or beyond 63

tolerance limits
Faulty earphone performance 11

Frequency outside limits 10
Excessive harmonic distortion 13
Extraneous instrument noise 19
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Since incorrect sound pressure is the
chief offender, it is apparent that a
readily available, simple, convenient,
and reliable acoustical calibration sys-
tem for audiometers is needed. Since
many industrial hygienists are respon-
sible for noise surveys as well as for
industrial audiometry, the sound-level
meter or other sound-measuring instru-
ment is usually readily at hand. The
missing link has been a readily avail-
able standard earphone coupler.

Standard Earphone Coupler

An earphone coupler is a device for
coupling an earphone to a standard-
pressure microphone for the purpose of
determining the acoustic characteristics
of the earphone. It provides a tightly
sealed chamber of specified volume to
simulate the compliance of the human
ear. An earphone coupler and a sound-
level meter are all that is needed to
evaluate the over-all performance of
an audiometer.

There are two types of standard ear-
phone coupler in use today: (1) the
NBS Type 9A Coupler, specified in

Figure 1. (Right) The Type 1560-P82 Earphone Coupler;
(center) the coupler with earphone installed; (left)
coupler with earphone, installed on sound-level meter.

ASA Z24.5-1951 % and in ASA Z24.12—
1952 %; and (2) the ASA Type 1 Cou-
pler, specified in ASA 7Z24.9-1949 % and
in ASA 7Z24.13-1953 .8

The Type 1 Coupler is the newer
design of the two and, because of its
shape, has been found easier to use
than the 9A for field calibrations?,
According to the standards?®4, there
is but slight measurable difference be-
tween results obtained with the two
couplers. This is confirmed by measure-
ments reported by Morrical et al’.

The Type 1560-P82 and Type 1560-P81
Earphone Couplers

Since the Type 1, specified by ASA
Standard, is easier to use, we have
chosen to manufacture a version of
this coupler.

This new coupler is available in two
models: (1) The Type 1560-P82 for
use on 15/16-inch-diameter, piezoelec-
tric, ceramie, sound-level-meter micro-
phones, such as the GRI1560-P5 and
1560-P6 Microphones (it will also fit
Type L Laboratory Standard Micro-
phones like the WE Type 640AA); and
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(2) the Type 1560-P81 for use on the
older 1l4inch-diameter, piezoelectric,
ceramic, sound-level-meter micro-
phones, like the GR1560-P3 or 1560-P4.

The Tyre 1560-P82 Earphone Cou-
pler, shown in Figure 1, is a precision-
machined, aluminum device designed
to provide the proper acoustic coup-
ling medium between a microphone
and an earphone. The coupler also
includes a toggle clamp to apply the
prescribed force of 500 grams to the
earphone under test. The clamp has an
adjustable pressure foot to accommo-
date earphones of various heights and
to maintain the lever arm in the hori-
zontal position necessary for the proper
applied forece. The top part of each
coupler model is designed to accept the
Telephonics TDH-39 Earphone, which
seems to be most commonly used on
American audiometers. The Permo-
flux PDR series and Western Electric
705-A earphones will also fit these
couplers.

In appearance, the Type 1560-P81
Earphone Coupler is the same as the
Tyrr 1560-P82. The cross-section views
(Figure 2) show how the two GR
couplers differ from each other and
from the prototype ASA Type 1 Stand-
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ard Earphone Coupler. The Typr
1560-P82 Coupler has a small step
added to provide positive and accurate
location of the microphone.

The TyrE 1560-P81 Coupler, in addi-
tion to the small locating step, has a
larger diameter recess to accept the
1 Y4-inch-diameter microphones, and
the height of the acoustic coupling
cavity is reduced to maintain the re-
quired 6-cm?® coupling volume with the
large microphone and its larger effec-
tive volume.

These modifications add measurably
to the convenience of use but in no
way impair the acoustical performance.

New Coupler Performance

Measurements made in the Gemneral
Radio Laboratories verify that there is
only a slight difference in the response
of a TDH-39 Earphone as measured
with an NBS 9A Coupler and with the
ASA Type 1 Coupler. Our measure-
ments also show that the differences
are negligible when the earphone re-
sponse is measured in the NBS 9A
Coupler and the Type 1560-P82 or
Type 1560-P81 FEarphone Coupler.
Figure 3 shows the responses of two
Telephonics TDH-39 Earphones, each

[1560-F1

Figure 2. Standard Earphone Couplers. (a) ASA Type 1 (Z 24.9-1949); (b) Type 1560-P82 ASA Type 1
(modified to accept 1%s-inch diameter, piezoelectric, ceramic, sound-level-meter microphone);(c) Type
1560-P81 ASA Type 1(modified to accept 1/&-inch diameter, piezoelectric, ceramic, sound-level-meter
microphone). Note that the General Radio couplers make possible accurate and repeatable
positioning of the microphone,

‘ 5 l File Courtesy of GRWiki.org



the Experimenter

(a)

+
@

+
o

+
=]

+
y

-
]

EARPHONE
COUPLER

)

MICROPHONE i

——— N8BS 9a
1560-PB2

B40AA
B40AA

|
S

[ AAaa 5850-P82
- 1560-P8|

1560-F5
1560-P3

RELATIVE RESPONSE IN dB
| '

100 200 0 1000 2000 5000 10000
FREQUENCY-Hz E (b)
+3 - — J=L
2
filsse
o+ 4 ﬂj""
=z
g + 2 A
Figure 3. Frequency response. 5 o ;\ I \
(a) Telephonics TDH-39 Ear- & / /
¥ o« EARPHONE e ———
phone No. 3; (b) Telephonics W™ AT COUPLER  MicAomaone -’/
= NBS 9A 640 AA ad .
TDH-39 Earphone No. 101. =4 ———— i560-Paz €40 AA
& AAAL I5G0-PB2  I550-PS \
e |S60-P8I  |580-P3 \
-0
100 200 500 1000 2000 5000 10,000
FREQUENCY —Hz =72

measured in the NBS 9A Coupler with
a Western Electric 640AA Microphone,
then in the Typm 1560-P82 Coupler
with the 640AA and with a Type 1560-
P5 Microphone, and finally in the
Tyre 1560-P81 Coupler with a Typr
1560-P3 Microphone. Farphone No. 3
has had intermittent use over four or
five years; earphone No. 101 is a new
unit. We have measured a number of
other earphones in this manner, and,
in each case, there has been excellent
agreement between the responses as
measured in the various couplers.
Application

To use a coupler to evaluate an
audiometer frequency characteristic,
one measures the sound-pressure level
developed in the coupler by the audio-
meter earphone. This is usually done

18

at a hearing-level dial setting of 60 dB.
If the audiometer is calibrated in ac-
cordance with Z24.5-1951 3, the sound-
pressure levels that should be devel-
oped in the coupler are derived from
Table 2 in that standard, which lists
the threshold (0 dB hearing level)
sound-pressure levels at each audio-
metric frequency for the Western Elec-
tric Type 705-A Earphone. The stand-
ard then states that, for any other
type or configuration of earphone, the
threshold levels must be determined
by loudness balance tests against a
Type 705-A Earphone. This work has
been done and the data published? for
the Telephonies TDH-39 Earphone
with MX41/AR cushion. The data in
lines 1 and 3 of Table I, below, are
derived from the data of Reference 8.
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TABLE |
Sound-pressure levels (dB re 2 X 10™* ubar) at audiometric frequencies
in the Type 1560-P82 or Type 1560-P81 Earphone Coupler corre-
sponding to a 60-dB hearing level for @ TDH-39 Earphone with
MX41 /AR cushion as read on typical sound-level meters.

Sound-Level Meter i #

udiometer _H.
Coupler Weighting | Reference |— - s a2
Type No.| Type | Position | Threshold | 125 |250 Fs-oo 1000|1500 k@oo 3000 [000l6000/8000
1560-P82 | 1551-C* (o] ASA 1951 112 |99.5| 84 | 77 78 | 78 | 74.5| 71 | 75 |83 dB
1560-P82 | 1551-C* C ISO 1964 105.5| 85 | 71 | 67 67 |68.5| 69.5| 67 | 70 |69 dB
1560-P81 | 1551-B 20 ke ASA 1951 112 (99.5|84 | 77 |78.5| 79| 77.5| 76 | 79 |80 dB
1560-P8111551-B 20 ke I1ISO 1964 110551 85171 | 67 |67.51 70| 72 | 72 | 74 |66 dB

* Also Type 1565-A Sound-Level Meter

New audiometers may be calibrated
to the new international audiometric
zero.® Data for the TDH-39 Ear-
phone, though not in the international
standard at present, are available!!,
and, apparently, some efforts are being
made to add the TDH-39 data to the
international standard.’>* The data
for lines 2 and 4 of Table I are derived
from the data of Reference 12.

Table I lists the sound-level-meter
readings that should be produced by
an audiometer set to the 60-dB hearing
level and coupled to a typical sound-
level meter by a Type 1560-P82 or
Typr 1560-P81 Earphone Coupler.

In place of the sound-level meters
listed in the table, the earlier Typm
1551-A Sound-Level Meter or one of
the Type 1558 Octave-Band Analyzers
can be used, when equipped with the
appropriate microphone.

Most industrial hygienists and oth-
ers concerned with noise measurement
as well as audiometry have a sound-
level meter or an octave-band analyzer;
one of these couplers is the only addi-
tional equipment necessary to check
the acoustic output of an audiometer.

For those who wish to make com-
plete acoustical and electrical tests on
an audiometer, the Type 1564-A Sound
and Vibration Analyzer, with a Type
1560-P40 Preamplifier, a Tyrr 1560-P5
Mierophone, a Tyre 1560-P82 Iliar-
phone Coupler, and an audio oscillator,
is recommended.

— E. E. Gross

Figure 4. Type
1560-P82  Ear-
phone  Coupler
used on Type
1565-A Sound-
Level Meter.

File Courtesy of GRWiki.org
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Ervin E. Gross received
his B.8.E.E. degree from
Northeastern University
in 1936 and has been
with General Radio ever
since. As a development
engineer in (General Ra-
dio’s Audio Group, he
has specialized in the
design of sound and wvi-
bration measuring in-
struments. He is a Sen-
ior Member of the IEELE
and a member of the
Acoustical Society of America and has been
active in standards work for both organiza-
tions.
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SPECIFI

Type Coupler: ASA Type 1.

Volume: 6 cm? including equivalent volume of
microphone (Type 1560-P5 Microphone for
Tyrr 1560-P82 Coupler; Typrr 1560-P3 Micro-
phone for the Type 1560-P81 Coupler).

Axial Holding Force: 500 grams.

Frequency Range: 100 Hz to 8000 Hz; 41 dB
from 100 Hz to 6000 Hz, increasing to +=3 dB

6. American Standard Specifications for Speech
Audiometers, 724.13-1953, American Stand-
ards Association, New York, 1953,
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America, 22, 773-774 (L) (1960).
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CATIONS
at 8000 Hz (with corrections for pressure re-
sponse of microphone).

Dimensions: Coupler, diameter 21{ by height
14 inches (5.7, 2.5 mm); over-all, width 214,
length 3, height 3 inches (5.7, 7.7, 7.7 mm).

Net Weight: 8 0z (230 g).
Shipping Weight: 2 1b (1 kg).

Catalog Number | Description | Pricein USA
1560-9682 | Type 1560-P82 Earphone Coupler I $30.00
1560-9681 Type 1560-P81 Earphone Coupler 30.00
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OCTAVE-BAND ANALYZER

WITH
A-WEIGHTING

An A-weighted sound level is now
often used to rate similar types of
noise, because a good correlation has
been found for many noises between
A-weighted sound levels and loudness,
speech interference, and ‘noisiness.”

A-weighted sound level is often meas-
ured in lieu of or as a supplement to an
octave-band analysis. To make both
measurements, the noise sleuth has
needed two instruments: a sound-level
meter and an octave-band analyzer.

The Type 1558-BP Octave-Band
Analyzer provides both capabilities in
a single instrument. It is identical to
the Type 1558-AP Octave-Band Noise
Analyzer! except for the inclusion of an
A-weighting mnetwork. A-weighting 1is
selected by the BaND switch, which

1W. R. Kundert, **"New, Compact, Octave-Band Ana-
lyzer," General Radio Experimenter, October 1962.

October 1966

also selects ten octave bands at fre-
quencies specified by ASA S1.6-1960
Preferred Frequencies for Acoustical
Measurements. Both this instrument
and the Type 1558-AP Octave-Band
Noise Analyzer conform with the re-
quirements of the new American Stand-
ard Spectfication for Octave, Half-Octave,
and Third-Octave-Band Filter Sets S1.11—
1966 for Type E, Class 11 octave-band
Jilters.

The new analyzer is shown in Fig-
ure 1 together with the Tyre 1560-P40
Preamplifier and Microphone. This
combination measures levels ranging
from 24 dB to 150 dB, the same range
as the Type 1551-C Sound-Level Meter.

An existing Type 1558-AP Octave-
Band Noise Analyzer can be converted
to a —BP model. For details, write to
our Service Department.

Catalog Price
Number Description in USA
1558-98%90 Type 1558-BP Octave-Band Noise Analyzer, $850.00
Portable Model

1558-9848 Type 1558-BP Octave-Band Noise Analyzer, 850.00
Rack-Adapted Model

1560-9520 Type 1560-P40K Preamplifier and Microphone Set 251.00

File Courtesy of GRWiki.org
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Photo courtesy of Wilcox Electric Company

Wilcox Type 96 transmitter, with GR frequency synthesizers installed in far-left rack.

VERSATILE TRANSMITTER USES GR SYNTHESIZERS

Those whose dark business it is to
jam radio transmissions are not likely
to welcome the increasing use of fre-
quency synthesizers to control trans-
mitter frequencies. The engineer at the
transmitter has, in a typical synthe-
sizer, the equivalent of several million
crystals and can jump from one hertz
to the next with the abandon of a
grasshopper.

The Wilcox Electric transmitter sys-
tem shown above was designed and
built by Wilcox Electric for a govern-
ment anxious to maintain communica-

tions in the face of interference, inten-
tional or otherwise. Each of six trans-
mitters in the system can be fired up
instantly on any one or two of 32 preset
channels. Primary frequency control is
by erystal oscillator, but three GR
frequency synthesizers stand ready to
take over if a crystal fails or if the
operator wants to set up new frequen-
cies without grinding new ecrystals. The
total number of channels that can be
set by means of the synthesizer is high
enough to make any would-be jam-
mers take up another profession.

A SIMPLE WAY TO SYNCHRONIZE MAGNETIC
TAPE WITH OSCILLOSCOPE TRACE

During some recent investigations of
transient sound pulses in our Engineer-
ing Department, it was necessary to

1*Using a Photocell Where it Counts,"” General Radio
Ezxperimenter, October 1962,

22

synchronize the starting of an oscillo-
scope trace with the position of the
pulse on a magnetic recording tape.
The Type 1536-A Photoelectric Pick-
off ' proved very well suited to this task.

‘ || File Courtesy of GRWiki.org



Figure 1. Photoelectric pickoff shown
mounted in tape recorder. Note piece
of reflective foil attached to tape.

The pulse was located on the mag-
netic tape by trial-and-error to within
an inch or two, and a bit of aluminum
foil was fastened to the back of the
tape at this spot by cellophane tape.
The photoelectric pickoff was clamped
to the recorder and positioned so that
the light beam shone across the width
of the tape. The passage of the alumi-
num foil through the light beam ini-
tiated the oscilloscope trace.

TP
© +25V DC

PHOTOCELL
@

RING 1o cro EXT

TRIGGER
LAMP
SLEEVE
—0
4

Figure 2. Electrical connections to pickoff plug.

October 1966

Figure 1 shows the photoelectric
pickoff mounted on the tape recorder.
A piece of aluminum tubing was serewed
to the chassis to provide a convenient

gripping surface for the mounting
clamp. For final positioning of the
pickoff, the mounting rods were ad-
justed until the sound pulse occurred
coincident with the start of the trace.
If greater precision were required, the
photoelectric pickoff could have been
mounted on a micrometer carriage.

Electrical connections are shown in
Figure 2. It is necessary only to supply
de voltage of approximately 425 volts
for the exciter lamp and to connect the
ring of the Type 1536-A plug to the
oscilloscope external trigger terminal.
The scope itself, of course, should be
adjusted for single-sweep operation.

— GorpoxN R. PARTRIDGE

NEW NBS LABORATORIES TO BE DEDICATED

The new laboratory complex of the
U. S. Department of Commerce’s Na-
tional Bureau of Standards, located in
Gaithersburg, Maryland, will be dedi-

cated on November 15. Secretary of
Commerce John T. Connor will head
the list of dignitaries participating in
the ceremonies. (Cont’d)

File Courtesy of GRWiki.org
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NBS LABORATORIES (Continued)

In conjunction with the dedication,
the Secretary is sponsoring a two-day
Symposium on Technology and World
Trade, to be held November 16 and 17
on the NBS grounds. About 500 dis-
tinguished experts from all over the
world have been invited to participate.

Among the important new facilities
at Gaithersburg are a nuclear research

reactor and a powerful linear electron
accelerator (linac). In the field of nu-
clear physics, in the nuclear generation
of electric power, and in the rapidly
expanding use of radiation to process
materials and products in industry, one
of the most urgent needs has been for
measurements and standards. The re-
actor and linac will enable NBS to ful-
fill its important functions in this area.

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS 01781
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AUTOMATIC CAPACITOR-TESTING SYSTEMS

The inspection bottleneck was broken
by GR's 1680-A Automatic Capacitance
Bridge Assembly, announced in 1964.
Many users who formerly tested capaci-
tors at a rate of ten a minute at best
are now testing at rates better than 120
a minute! In this issue we describe some
of the complex automatic testing systems
designed around this bridge and iwo
new accessories, the 1781 Digital Limit
Comparator and the 1770 Scanner System.

The increasingly demanding require-
ments for extreme reliability in elec-
tronic equipment, both military and
commercial, have heightened the need
for instruments for the rapid and
accurate testing of the components that
make up this equipment. General Radio
has for many years manufactured instru-
ments for component testing— im-
pedance bridges, capacitance and in-
ductance bridges, impedance compara-
tors, etc — most of which were designed
for use by skilled operators in a labora-
tory. I'or on-line testing of high-volume
production lots, manually operated
ingtruments are no longer adequate;
automation is a must.

General Radio entered the field of
automatic component testing in 1964

with the introduction of the 1680-A
Automatic Capacitance Bridge Assem-
bly.! This instrument measures the
capacitance and loss of a component in
a half second or less at the push of a
button (or at electrical command) and
presents the answer in both a digital
display and an electrical output. The
widespread acceptance of this device
has led to a demand for complete
measurement systems built around the
bridge and for additional accessory
instruments, some to simplify the auto-
matic connection of components to the
bridge and others to make use of the
prodigious amounts of data that can
now be obtained so rapidly. In addition
to providing many accessory instru-
ments, we are now prepared to provide
complete measurement systems.

MEASUREMENT SYSTEM

“System” 1is an often-used word
whose meaning varies with context. At
General Radio we define a system as a
collection of instruments — of which
some may be standard, some modified,
some specially designed, some pur-
chased — assembled to solve a specific
measurement problem.

tR. G. Fulks, “The Automatic Capacitance Bridge,"
General Radio Experimenter, April 1965,
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ENVIRONMENT
COMPONENT_L
UNDER INPUT MEASUREMENT PROCESSING OUTPUT —=
TEST
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=

Figure 1. Block diagram of a component-testing system.

In this definition we recognize that
a system is more than a group of our
standard catalog instruments and a few
pateh cords. The grouping must be
carefully thought out, both from an
electrical and a mechanical standpoint.
Interface problems must be identified
and solved. Some instruments may have
to be adapted to the requirements of
the system. Others may have to be
purchased or designed. Special cables,
racks, and consoles may be necessary,
along with special operating and main-
tenance instructions. In short, the
system must be thoroughly engineered;
the whole must be greater than the
sum of the parts.

Since most of these system-design
problems are beyond the inclination of
many of our customers, we volunteer to
do the job for them by offering custom-
engineered measurement systems. Be-
fore we look at some examples of these
systems, let’s discuss a component-
testing system in general.

GENERAL BLOCK DIAGRAM

I'igure 1 shows a block diagram of
an idealized component-testing system,
The component or components are
conditioned by the desired environment
equipment, which may take the form of
a temperature chamber, a vibration
table, voltage-soaking equipment, ete.

The next block includes component
handlers, positioners, scanners, and
other input devices. The heart (or
brains) of the system is the measure-
ment equipment — in this discussion
the 1680-A Capacitance Bridge. Proc-
essing equipment operates on the
information received from the measure-
ment equipment to put it in a more
useful form. Examples of processing
equipment are digital-to-analog con-
verters, digital limit comparators, and
parallel-to-serial  converters. Cutput
equipment includes analog recorders,
digital printers, and tape and card
punches. The remaining block, other
data, includes serial-number generators,
time-code generators, digital thermom-
cters, and other devices that generate
supplementary information. Such in-
formation is usually fed into the pro-
cessing equipment along with the meas-
urement data.

FILLING IN THE BLOCKS
Measurement

The measurement instrument central
to the systems discussed in this article
is the 1680-A Automatic Capacitance
Bridge Assembly.! When a capacitor is
connected to the bridge, the instrument
automatically selects the proper range,
achieves balance, and presents the

L Ibid.
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measured capacitance and either dis-
sipation factor or conductance on an
in-line digital readout, complete with
decimal points and units. All this in-
formation is also presented in binary-
coded decimal form (1-2-4-2 mcp) for
use by printers or other data-handling
equipment. The entire balance opera-
tion consumes a half second or less.

Three switch-selected generator fre-
quencies are available: 120, 400, and
1000 Hz. Capacitance range is 100 pI
(full-scale) to 100 pI" at 400 and 1000
Hz (resolution is 0.01 pF) and 1 pF
(full-scale) to 1000 pF with a 120-Hz
signal. Dissipation-factor range is
0.0001 to 1.0, and the bridge will meas-
ure parallel conductance from 0.1
nanomho to 1 mho at 400 and 1000 Hz,
from 1 micromho to 1.0 mho at 120 Hz.

Basic accuracy of capacitance meas-
urement is +0.19 of reading 40.019
of full seale. Accuracy of frequencies
supplied by the oscillator is 4219,

The bridge features several operating
modes to accommodate a wide range of

November- December 1966

possible applications. In the 7TrRack
conT mode, for example, it continuously
follows variations in a capacitor under
test, permitting automatic recording
of the effects of temperature or other
environmental conditions. In the Track
saMPLED mode, the bridge follows varia-
tions but yields data only on command.

In addition to measuring capacitors,
this instrument can be used to measure
any parameter that can be expressed in
terms of an equivalent parallel capac-
itance and conductance. Thus para-
meters of dieleetric materials, cables,
thin-film eircuits, inductors (negative
capacitors), and resistors can be
measured.

Output

There are many other ways of using
the measurement results besides looking
at them or writing them down. Figure 2
shows the bridge feeding data to the
1137-A Data Printer. This is the sim-
plest meang of obtaining a permanent
printed record of the measurements.

Figure 2. Automatic capacitance
bridge and data printer.
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The 1510-A Digital-to-Graphic Re-
cording Assembly, shown with the
bridge in Figure 3, is convenient for
plotting changes in the value of a given
component. The digital-data output of
the bridge, after conversion to an analog
current (or voltage) by a high-speed
digital-to-analog converter, is plotted by
a graphic recorder. By selection of the
proper digits for conversion, a precise
zero suppression can be obtained so that
very small changes in the value of a
component can be easily plotted. This
combination is used extensively in
environmental tests on capacitors, as,
for example, in the measurement of
temperature coefficients.

One of the most popular means of
storing data for further statistical
analysis is the punched ecard. Through a

Figure 3. Automatic capa-

citance bridge and digital-

to-graphic recording as-
sembly.

parallel-to-serial converter the bridge
can be connected to a card punch for
this purpose.

Other forms of data recording for
future processing by a computer include
punched tape and magnetic tape. In-
quiries are invited for systems including
equipment for tape recording.

Another class of output equipment
operates on the component itself rather
than on the measurement data. This
equipment, can be combined with the
input equipment to sort the compo-
nents into tolerance bins, for example.
While General Radio provides the
proper processing equipment (see he-
low), we do not supply the mechanical
handling equipment, which is readily
obtainable from several manufacturers.
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Processing

Processing equipment takes several
forms. The 1136-A Digital-to-Analog
Converter mentioned above is one
example. Another, described more fully
in the following article, is the 1781
Digital Limit Comparator, which com-
pares the bridge reading with preset
limits to determine whether a com-
ponent is in or out of tolerance. Other
processing (interface) instruments con-
vert output signals from one instrument
into the form required at the input of
another instrument. For example, the
parallel-to-serial converter mentioned
above converts the parallel (all-at-once)
data from the bridge into the serial
(one-at-a-time) data required by a
card punch. Other interface instruments
change the wvoltage and impedance
levels or the logical coding of signals
from one form to another.

Input

Input equipment is used to perform
the actual connection of the terminals
of the component to the terminals of
the bridge. Such equipment can range
all the way from the 1680-P1 Test
Fixture, in which components are man-
ually inserted, to the more sophisti-
cated reel-type handlers and vibratory-
hopper feeders.

These devices connect components to
the bridge one at a time. Some applica-
tions require that components be con-
nected in a prescribed automatic se-
quence and then recycled, or scanned,
in the same or a different sequence.
For these applications the 1770 Scan-
ner System described on page 13 is ideal.

Other Data

Information in addition to the meas-
ured value is often required, especially
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Figure 4. An automatic capacitor-test system
produced by General Radio.

when automatic output equipment is
used. Identifying data, such as serial
number, or data on conditions of meas-
urement, such as temperature, time of
day, or elapsed time, can be obtained
from additional instruments connected
into the processing equipment (through
interface equipment if necessary) along
with the primary measurement data.

TYPICAL SYSTEMS

Figure 4 is a photograph of an auto-
matic capacitor-testing system pro-
duced by General Radio for a large
aerospace manufacturer. It is used for
incoming inspection and quality-con-
trol testing of a broad variety of ca-
pacitors. The following components are
included:

1) Component carrier and automatic
indexer,

2) Bias-voltage power supply,

3) 1680-A Automatic Capacitance
Bridge Assembly,

4) 1781 Digital Limit Comparator,

5) Serial-number generator,
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Figure 5. Automatic capacitor-test system produced
by General Radio for Corning Glass Works.

Photo courtesy of Corning
Glass Works.

6) Two 1137-A Data Printers,
7) Interface panels,
8) Console.

The capacitors to be tested are
loaded into the 50-component carrier
stick, which is then inserted in the au-
tomatic indexer. The power supply ap-
plies bias voltage to each capacitor,
and the capacitance is measured by the
automatic bridge, which indicates the
value and supplies the measurement
data to the 1781 comparator. The com-
parator determines whether each ca-
pacitor is in or out of tolerance and
feeds its data, along with a three-digit
number from the serial-number genera-
tor, to the two printers. One printer
prints the serial number and ecapaci-
tance of each capacitor, the other the
serial number and dissipation factor.
The print-out is black for a good ca-
pacitor and red for a bad one, and it
includes a digit to indicate the reason
for the acceptance or rejection of the

capacitor — go, or
HIGH D.

Three modes of operation are pro-
vided. The manvarL mode allows the
capacitors to be tested one at a time
by means of a push button on the in-
dexer. The avromaric mode allows all
50 capacitors to be tested. In the sTop-
~0-Go mode, the capacitors are tested
and stepped along automatically until
an out-of-tolerance value occurs. At
this point the system stops, and it
stays stopped until it is manually re-
started.

Figure 5 shows a system supplied to
Electronic Products Division, Corning
Glass Works. This system includes a
stick indexer and a card punch. To
satisfy the requirements of the system,
a 16-character data printer and a spe-
cially designed card-punch coupler were
used.

This system is used by quality-con-
trol personnel to monitor the produc-

HIGH ¢, LOW O,

File Courtesy of GRWiki.org



tion of glass-dielectric capacitors. The
capacitors are loaded into sticks and
measured by the system. A tape printer
and a card punch simultaneously record
serial number, capacitance, and dissi-
pation factor.

OTHER APPLICATIONS

These automatic systems can be used
in the design of components for the
evaluation of experimental units or for
the testing and sorting of the output of
a production line. They can also be
employed to test purchased compo-
nents in incoming-inspection or quality-
assurance programs.

Capacitor testing is only one of the
bridge’s many applications. Atomic
Energy of Canada, Limited, uses a sys-
tem including a 1680-A bridge, 1136-A
D/A converter, and 1521-B recorder
to plot the effects of immersion in an
electrolyte on the impedance of thin-
film components. Another large labora-
tory uses similar systems in the design
of inductors for telephone applications.
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At General Radio we use a 1680-A
bridge system to check the turns ratio
of the toroidal transformers used in the
bridge itself!

ECONOMY

Although the cost-saving advantages
of automation seem obvious, the results
of the installation of these automatic
systems are sometimes startling. Cost
analyses indicate a saving of up to
809, or more on the per-unit cost of
component inspection, in spite of the
higher cost of the automatic equipment
with respect to manually operated
equipment. Customers have told us
that a 1680-A bridge can pay for itself
in six weeks!

SUMMARY

Those who wish to automate capaci-
tance-measuring operations can now
obtain from General Radio entire sys-
tems, custom-engineered for specific
applications. This systems capability
is graphically summarized in Figure 6.

MEASUREMENT B RECORDING,
CONDITIONING  HANDLING  OTHER DATA PROCESSING HANDLING ANALYSIS
TRANSDUCER ¥-Y RECORDER
BIAS 1680-PI 15218
TEST ear
SUPPLY FIXTURE RECORDER
1680-A =
E"‘S:ﬂ:‘,’;i:m sé:;gm AUTOMATIC 1136-A D/A | | = !%‘AA
BRIDGE CONVERTER PRINTER
NUMBER 1781 DIGITAL
HANDLER GENERATOR
COMPARATOR
CARD PUNCH
cLoCK m“@é“ﬁi’;_-m'
| b
CONVERTER TAPE PUNCH
THERMOMETER
[ CAN BE SUPPLIED BY GENERAL RADIO
‘|  TAPE
RECORDER 73]

Figure 6. Chart showing instruments and devices thal can be used in an automatic com-
ponent-measuring system. General Radio can supply systems including those components
indicated by finted blocks.
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Figure 1. GR 1781 Digital Limit Comparator shown with automatic bridge.

DIGITAL LIMIT

As mentioned in the previous article,
accessory instruments are required to
exploit fully the capabilities of the
1680-A Automatic Capacitance Bridge
Assembly. Figure 1 shows a most use-
ful member of this accessory family,
the 1781 Digital Limit Comparator. In
this instrument, measurement data
from the bridge are compared with
manually set limits, and the results are
presented on panel lamps and in relay-
contact closures at a rear-panel con-
nector. Thus the comparator can be
used not only for testing and manual
sorting of components to prescribed
tolerances but also, with output equip-
ment, for automatic sorting.

INPUT

The input to the comparator is in
the form of 11 four-line Bcp digits,

COMPARATOR

five for loss value (dissipation factor or
conductance), five for capacitance
value, and one for range code. Positive
true logic is required, with the logic
“1,”" or true, level at least 10 volts
above the “0” level. Although 1-2-4-2
data are normally used, a 1-2-4-8 mod-
ification is available. Two 5-digit lim-
its, one upper and one lower, are set for
the capacitance data, an upper limit
is set for the loss data, and one limit is
set for the range digit. Complete com-
parison takes only 2.5 milliseconds.

OUTPUT

Four front-panel lamps and corre-
sponding internal sppr relays provide
visual and electrical indication of the
comparison result. The lamps indicate
GO, HIGH ¢, LOW ¢, or HIGH D/G. The
relay contacts are isolated from the
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instrument and from each other and
are rated at 115 V, 0.1 A. A data-out-
put connector is also provided for
connecting a data printer or an addi-
tional limit comparator.

SORTING

A 1680-A bridge and a 1781 com-
parator form a complete testing system
by means of which an operator can
manually sort capacitors into the four
categories indicated by the comparator.
This process can be speeded up by use
of the output relay contacts to operate
automatic bin sorters.

Several comparators can be con-
nected together to sort components
into several classifications. Figure 2, for
example, shows three comparators con-
nected to sort components into four
tolerance groups: 1 percent, 5 percent,
10 percent, and greater than 10 per-
cent. The measurement data digits are
connected to all three comparators.
After the first comparator has com-
pleted its calculation, it indicates the

November - December 1966

result and starts the second compara-
tor. This sequence continues until one
comparator indicates Go or until all in-
dicate ~wo co. The final decision will
apply power to the appropriate output
circuit through the relay contacts.

A 1137-A Data Printer can be con-
nected to the comparator to obtain a
record of the results. Three printer
modes are provided:

1) Print all measurements;

2) Print in-tolerance measurements
only;

3) Print out-of-tolerance measure-
ments only.

In addition, a color-control signal is
provided to print o measurements in
black and No o measurements in red.
A digit representing the result of the
comparison is also printed.

CIRCUIT DESCRIPTION

The 1781 Digital Limit Comparator
is basically a sequential digital calcula-
tor. Comparison of the input data with
preset limits is accomplished by a

DATA

out

1680-A [ ]

BRIDGE ? D
o 0 LOAD
/ POWER ‘\
RELAYS !
NO=GO | I
DATA DATA > 2oy i i
COMPARATOR outT IN ug P!
i T S0 L | LOAD |
: { R
H { SR A :
|
|
NO-GO |
AT 1
Q’ I |
5% 1 0o 5% o1
| | |
L |
| |
| I
NO-60 I |
Figure 2. Diagram showing interconnec- % [] 1 ol |
i : 10% I O==—F—-0 10 %0
tion of three comparators for multiple- ; I i
limit sorting. (GO-NO-GO relays shown ; s o] |
are incorporated in comparators.) !
aass o——d
>10%
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Figure 3. Simplified logic diagram
illustrating comparison technique.
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sequential technique in which one four-
iine binary-coded decimal digit is sub-
tracted from another in a four-bit paral-
lel subtraction eircuit. In the loss com-
parison, for example, the measured
value is subtracted from the preset limit
value digit by digit, starting with the
least significant digit. The simplified
block diagram of Figure 3 illustrates
the principle. The sequential input
circuits apply each pair of digits to the
four-bit subtractor (each digit is com-
posed of four binary bits). After each
subtraction, any borrow bit generated is
stored and entered as a previous borrow
for the next subtraction. After all five
digits have been subtracted, the pres-
ence or absence of a borrow bit indicates
whether the measured value is higher
or lower than the preset value.

The capacitance-value comparison is
performed in much the same way. The

SPECIE]

RANGE OF LIMIT SETTINGS: 00000 to 99999 for
both € and D.

ACCURACY: Same as that of data source.
INPUT

Data: 11 digits, Bcp, 1-2-4-2 (1-2—4-8 op-
tional).

range digit is used as the most signifi-
cant digit of capacitance value. At the
completion of comparison, the final
borrow information is used to select the
proper output relays and lamps.

This technique involves a minimum
of critical circuitry and requires only
2.5 milliseconds for a complete com-
parison,

CONCLUSION

Many of the advantages of an auto-
matic bridge can be negated by an
operator who misreads the indicated
values or who occasionally translates
measured data into incorrect decisions
in handling or processing. The limit
comparator, by substituting digital
logic for human decision, advances the
measurement system an important step
nearer to elimination of human error
in routine jobs.

CATIONS
Logic Levels:
“1" =Vger (or Vrer to Veer—2 volts)
“0"=Vrer—10(or Veegr—8 to Veegr—50 volts).
Input Resistance: >47 k2 (connected to Vger).
Maximum Source Resistance: 100 k.
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Reference Voltage: +50 V with respect to
chassis ground. Maximum source resistance,
1 k.

Compare Command: Logic 1 to logic 0 transi-
tion. Minimum duration, 2.5 ms; input re-
sistance, >50 k2. Maximum source resistance,
20 k.

OuTPUT
Data: Identical to input.

Comparison Result: BCD digit, behind 10 k<.
Print Command: Logic 1 to logic 0 transition,
behind 2.2 k.

Relay Contacts: 4 sppT contacts, 115 V, rms,
0.1 A, rms, maximum.

November- December 1966

GENERAL

Accessories Supplied: CAP-22 Power Cord,
spare fuses, 4205-1000 Signal Cable to con-
nect comparator to measuring instrument.
Accessories Required: If sorting equipment is
used, 4205-1010 cable is also needed. See price
table below.

Power Required: 105 to 125 or 210 to 250 V.
50 to 60 Hz, 10 W, (195 to 235 also available,)
Cabinet: Rack-bench.

Dimensions: Bench model, width 19, height 4,
depth 1614 in (485, 105, 420 mm) over-all;
rack model, width 19, height 314, depth behind
panel 16 in (485, 89, 410 mm).

Net Weight: 20 1b (9.5 kg).

Shipping Weight: 30 1b (14.0 kg).

Catalog Number | Description | Price in USA
1781-9801 Type 1781 Digital Limit Comparator, Bench Model $1625.00
1781-9811 Type 1781 Digital Limit Comparator, Rack Model 1625.00
4205-1010 Accessory Cable (from sorting equipment to comparator) 65.00

Figure 1. GR 1770 Scanner System.

AUTOMATIC SCANNER SYSTEM

The 1770 Scanner System shown in
Figure 1 is an automatic instrument
for the sequential connection of many
pairs of terminals to a single pair. Its
primary purpose is to connect unknown
capacitors to the 1680-A Automatic
Capacitance Bridge Assembly. This
bridge can detect changes in capaci-
tance as small as 0.01 pI® and, because

of its three-terminal configuration, it
will ignore stray capacitance from each
component terminal to ground. With
other scanners, this capability cannot
be used to advantage. In the 1770
Scanner System a guard arrangement
connects stray capacitance (caused by
long cables, for instance) from the
component terminals to ground, leav-

File Courtesy of GRWiki.org
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ing less than 0.01 pF across the com-
ponent itself.

DESCRIPTION

The Scanner System is composed of
two main units, the 1771 Scanner Con-
trol and the 1772 Scanner Switch. The
components under test are connected
to the switch unit by long cables, each
consisting of 10 wires in a single shielded
bundle. The switch unit is similarly con-
nected to the control unit by a long
cable. This arrangement is extremely
adaptable, since the components can be
separated from the switch unit, which
can in turn be separated from the
control unit. In environmental testing,
for example, components in a test cham-
ber can be connected to the switch unit
outside the chamber by the cable
bundle. The arrangement also allows
expansion of the channel -capacity,
since several switch units can be con-
nected to a single control unit.

INPUT LINES INPUT CABLE

¥ e A
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|
THRU
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I_ E3 _H:n.a.yv.

% TERMINATING RESISTORS CAN BE
ADDED

%% COMMON TERMINAL, CAN BE l
DISCONNECTED FROM GROUND l

SCANNER SWITCH UNIT

The 1772 Scanner Switch accepts up
to 10 plug-in reed-switch modules. Two
types of switch modules are available:
the 1772-P1 SPST Scanner Module and
the 1772-P2 SPDT Scanner Module.
Each module can accept 10 input lines
and connect them sequentially to one
output line. The 1772-P1 SPST module
connects the input lines, one at a time,
to the output line and leaves the unused
lines open. The 1772-P2 SPDT module
operates in the same manner except
that the inactive input lines are con-
nected to a common (ground) terminal.
Figure 2 shows the use of these modules
in the guarded scanning of two-terminal
components. Only three of the 10 input
channels are shown. Note that this con-
nection places the stray capacitance of
the inactive channels between the low
output terminal and ground rather than
across the output terminals. This con-
nection is shown more clearly in
Figure 3.

1772=PI
SPST MODULE

1772-P2
SPDT MODULE

CHANNEL | ACTIVE
CHANNELS 2-8 NOT
SHOWN

Figure 2. Simplified schematic
diagram showing connections
for guarded scanning of two-

terminal components.
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Fach module uses long-life reed
switches capable of over 25 million
operations. Total channel resistance is
less than 200 milliohms.

The 1772 Scanner Switch can accept
10 modules of either type and can
provide, for example, a scanning capac-
ity of 50 two-terminal components or
100 single-terminal signal lines.

Physical Description

Figure 4 shows a 1770 Scanner System
used with a 1680-A Automatic Capa-
citance Bridge Assembly. The 1772
Scanner Switch is shown at the left,
housed in a 514-inch-high relay-rack
cabinet. All connections are made at
the rear of the unit. The 1772-P1 and
-P2 Scanner Modules plug in as shown.

Figure 3. Simplified schema-
tic diagram of scanner
switching circuif.

Each module includes a 14-pin connec-
tor for the input lines and two parallel
BNC connectors for the output lines.
One BNC output connector can be used
for connection to the external measuring
instrument and the second to other
modules. The main chassis has two
connectors, one for connection to the
1771 Scanner Control and one for con-
nection to other Scanner Switches. Two
50-foot rolls of 10-conductor shielded
cable are supplied for connection to the
input lines.

SCANNER CONTROL UNIT

The 1771 Scanner Control Unit is an
all-solid-state instrument that can con-
trol up to four 1772 Scanner Switches.
Its maximum capacity is 100 single or

Figure 4, Scanner system connected to automatic bridge. Scanner switch is at left; control unit is above
the bridge.
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multiple channels. The instrument has
thumb-wheel switches for channel selec-
tion and a bright in-line numerical
readout of the active channel. An elec-
trical readout is also provided, along
with various other electrical inputs and
outputs.

OPERATING MODES

The thumb-wheel switches are set to
the first and last channels of a desired
sequence. Six modes of operation can be
selected by the front-panel mopE con-
TROL switch:

(1) SivgLE stEP, in which channel
advance is initiated by manual opera-
tion of a front-panel pushbutton or by
an electrical signal applied to a rear
connector:

(2) SiNGLE Scan, in which a channel
group is automatically scanned once
from the first to the last channel. At the
end of the sequence the first channel is
ready to be activated:

(3) ContiNvuous Scaw, in which a

channel group is repetitively scanned ;

(4) RepeaTr, in which the scanner
remains on the first channel. A push-
button or an external input is used
to generate an output ‘““measure”
signal;

(5) Raxpom Access, in which any
channel can be selected by BcD contact
closures applied to a rear connector;

(6) Remore, in which any mode of
operation can be selected by contact
closures applied to a rear connector.

TIMING

A scanning sequence is initiated by
a signal from the automatic capaci-
tance bridge. An output delay interval,
adjustable from 50 milliseconds to 2.5
seconds, is generated to allow proper
operation of other equipment that may
be activated by the same signal. After
this delay the scanner advances one
channel, and a second interval, of 10
milleseconds, allows for switch bounce
time and data settling. At the end

1771 1772
SCANNER CONTROL SCANNER SWITCH
TpiEmeaSE| [P OT pl i 1 arve-pi
TENG Sl | sp
RELAY ST MODULE
DRIVERS | / 1ELA E
0-9
P 1 I
| 1| |
I I |
| | ] |
: -15v | |
THRU 1 =
| ] | |
: | | |
| |
T9 ] |
' |
|
|
-5V |
N F————
REL UO=====THRU— 119 UNITS
DRIVERS I
Figure 5. Simplified
schematic diagram |
showing interconnec-
tions between control
unit and switch unit. Vaee =15V =ISM
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Figure 6. Bridge-scanner

system wused in environ-

mental tests on dipped-
mica capacifors.
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Photo courtesy of the Eleclro Molive Manufacturing Co., Inc.

of this interval an output signal is
generated to operate the bridge. At
the same time, a third interval, adjust-
able from 100 milliseconds to 25
seconds, is initiated. In the sINGLE
SCAN Or CONTINUOUS SCAN mode the
scanner advances to the next channel
at the end of this interval unless a
signal from the bridge has caused it
to advance sooner.

Front-panel terminals allow the oper-
ator to monitor the delay signals on an
oscilloscope.

SCANNER CONTROL — SCANNER
SWITCH INTERCONNECTIONS

Figure 5 shows a simplified schematic
diagram of some of the interconnec-
tions between the Scanner Control Unit
and the Scanner Switch Unit. Two
decade counters in the Scanner Con-
trol Unit determine the active channel
by means of the matrix (*‘crosspoint’’)
connection shown. FFor example, if the
tens decade is set to 0 and the units
decade to 9, tens-driver transistor 70
and units-driver transistor U9 will be

held in saturation, connecting the coil
of reed switech 09 between Vg and
the —15-volt supply. The diodes in
geries with the reed-switch coils allow
the matrix to operate, while those in
parallel with the coils prevent the surge
transient from damaging the driver
transistors.

The coil-return line, REL, is con-
nected through a normally saturated
transistor to Vggr. This transistor is
cut off for the reset operation, disabling
all channels.

The channel-driver transistors can
supply up to 80 mA. The reed-switch
coils in the 1772-P1 SPST Scanner
Module require 15 mA and those in
the 1772-P2 SPDT Secanner Module
require 30 mA. Thus one Scanner Con-
trol Unit can drive, for example, four
100-channel single-wire Scanner Switch
Units (10 1772-P1 SPST modules in
each) or one 100-channel guarded-two-
terminal scanner consisting of two
Scanner Switch Units (10 1772-P1
SPST modules in one and 10 1772-P2
SPDT modules in the other).

File Courtesy of GRWiki.org
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Harold T. McAleer received the B.S.E.E. and M.S.E.E. degrees from the Massachusetts
Institute of Technology in 1953. He was employed as a cooperative student at GR on
the design of high-frequency measuring and recording instruments. After two years’
service as an engineer with the U. 5. Army Signal Corps at Fort Monmouth, he returned
to GR as a development engineer in GR's Frequency Group, where he designed
frequency counters, and associated instruments. Since early 1966 he has been respon-
sible for the design of systems at GR. He is a registered professional-engineer and a
member of the IEEE, Eta Kappa Mu, Tau Beta Pi, and Sigma Xi.

Richard F. Sette, designer of the 1781 Digital Limit Comparator and 1770 Scanner
System, received the B.S.EEE. and M.S.E.E. degrees from Northeastern University in
1962 and 1962, respectively. He performed graduate research in solid-state physics
at the Air Force Cambridge Research Laboratory and |ater served in the U. S. Army
Electronics Laboratory at Fort Monmouth, where he was concerned with the testing
and evaluation of integrated circuits. Since joining GR in 1964 he has been responsible
for the design and development of data-processing equipment for automatic testing
systems. He is @ member of the IEEE and Eta Kappa Nu.

APPLICATIONS

Figure 6 shows the 1770 Scanner
System used with a 1680-A Automatic
Capacitance Bridge Assembly at Elec-
tro Motive Manufacturing Company in
Willimantic, Connecticut, to perform
environmental-performance inspection
of high-reliability dipped-mica capaci-
tors. The capacitors are checked in an
environmental chamber over a range
of —55 to +150°C.

In another custom-designed meas-
urement system, a 1770 Scanner System
is used in the testing of touch-dial-
telephone inductors. By use of the
random-access mode, external program-
ming equipment is used to connect a
prescribed group of inductors, first
for demagnetizing and then, after a
known time interval, for measurement.
The flexibility of the scanner system
makes it ideal for this application.

The 1770 Scanner System can be
used for signal-line scanning with either
type of switch module. The 1772-P2
SPDT Scanner Module is constructed
so that terminating resistors can be
automatically connected to inactive
channels (see Figure 2).

The scanner system can also be used
in reverse as an output scanner, to
connect a single input signal to many
output terminals in sequence. In one
such application, for example, two
scanner switch units are operated from
one control unit. One of the switch
units connects input signal lines one
at a time to a measuring instrument,
while the other switch unit connects
the output of the instrument to a mul-
tiple-channel recorder.

— HarorLp T. McALEER
RicHARD F. SETTE

SPECIFICATIONS

1771 SCANNER CONTROL

INPUT

Logic Levels (Veer = Vipassis 50 V)

“1” = Vger (or Veer to Veer — 2 volts)
“0"” = Veer — 10 (or Vepr — 8 to Veer —
15 volts).

Channel Advance: Logic-level transition, either
polarity; input resistance = 50 k{; maximum
source resistance = 20 k.

Or, contact closure to Vggr; input resist-

ance = 1.8 kQ; open-circuit voltage = Vgzar
— 15 volts.

Remote Control: Start, stop, reset, skip, in-
hibit, random-access channel selection and
mode; contact closure to Vgge; input resist-
ance = 1.8 kQ; open-circuit voltage = Vgep
— 15 volts.

OuTPUT

Channel Identification: BCD 1-2-4-2 (1-2-4-8
optional); output resistance = 22 kQ.
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Measure Command: Logic 0 to logic 1 transi-
tion behind 0.001 uF.

Channel-Switch Drive Current: 80 mA._

End of Scan: Logic-level transition, either po-
larity, behind 10 k2.

TIMING DELAYS

Settle Delay: 10 ms.

Safety Delay: Adjustable 100 ms — 25 s.
Output Delay: Adjustable 50 ms —2.5 s (can
be inhibited ).

November - December 1966

1772 SCANNER SWITCH

Capacity: 10 seanner modules.

1772-P1 SPST SCANNER MODULE
Complement: 10 spsT switch contacts, rated at
25V, 0.1 A, maximum. Channel-drive require-
ment: 15 V at 15 mA.

1772-P2 SPDT SCANNER MODULE
Complement: 10 spoT switch contacts, rated at
25V, 0.1 A, maximum. Channel-drive require-
ment: 15V at 30 mA.

approximatfely $3500.

ORDERING INFORMATION — The 1770 Scanner System is not presently
available as an ' off the shelf’’ item. Inquiries are invited for scanner systems
as described above. The price for a typical 50-channel guarded scanner is

EXPERIMENTER on Microfilm

Libraries and others faced with the
problems of periodical storage can
now obtain any or all volumes of the
Experimenter, from Volume 1 (1926) to
the present, on microfilm. Each wvol-
ume is in the form of positive micro-

film, on metal reels suitably labeled.
Enlarged copies can be printed on re-
quest. All inquiries regarding this serv-
ice should be directed to University
Microfilms, 313 North First Street,
Ann Arbor, Michigan 48106.

INSTRUCTION MANUALS

As many professors have found, GR
instruction manuals contain not only
instruetions but also much wvaluable
information on circuit design, principles
of operation, and special measurement

FOR THE CLASSROOM

techniques. We are always glad to
grant requests for single copies of
manuals for use in the classroom. Where
quantities are requested, a charge will
usually be made to defray printing cost.

ADDENDUM

In the specifications for the Tyre
1394 High-Rate Pulse Generator (July
1966 issue, page 8), the type designa-
tions 1394-A and 1394-Z appear with-
out explanation of the distinction be-
tween them. As mentioned early in the
issue, the High-Rate Pulse Generator
alone is designated Tyrr 1394-A; the
designation 1394-Z identifies the com-
bination of Typre 1394-A High-Rate

Pulse Generator and Type 1394-P1
Pulse-Offset Control.

In the specifications for the 1525-A
Data Recorder (October issue), a line
of type was omitted from the Weighting
Characteristics. The complete specifica-

tion follows:

Weighting Characteristics: NAB and constant
current for both playback amplifiers; NAB
constant current, and A, B, :Lm[ C weighting
(standard sound-level-meter characteristic) for
record channel #1, Constant eurrent for record
channel #2.

File Courtesy of GRWiki.org
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EXPERIMENTER Editor Retires

With this issue the
Fxperimenter bids
- farewell to Charles E.
.~ Worthen, who for
. over 30 years has
A been its Editor.

Charles Worthen
joined GR in 1928,
after graduating from
M.LT., and, working with J. K. Clapp,
helped pioneer the first commercial
primary frequency standards. In 1934
he turned his full attention to the writ-
ten word; since then, as Publicity Man-
ager and as Director of the Sales Promo-
tion Department, he has shepherded the

Experimenter, catalogs, instruction man-
uals, handbooks, ads, and general pub-
licity. His editorial judgment was al-
ways sound; his writing was always
characterized by good taste, a style
both readable and correct, and a talent
for uncomplicating the complex. Per-
haps more than any other individual, he
has set standards for the literature of
the electronies industry.

Now he retires, the better to enjoy
his family, his books, some travel, and
a well-earned freedom from dead-
lines. Our best wishes go with this man
whose words were always so well chosen.

I’. Van Veen, Editor

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS 01781

20

SAINTE,
N 2

Us A

File Courtesy of GRWiki.org



