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Engineers at Tapetone
Electronics laboratories,
manufacturers of fre
quency converters for
ham radio and for telem
etry, are shown with
the Type 1025-A Stand
ard Sweep-Frequency
Generator in aligning a
converter. In this applica
tion, the stability and ver
satility of the generator
save time and assure
accurate alignment.



A STANDARD SWEEPING-FREQUENCY

SIGNAL GENERATOR

The General Radio Company has for
many years manufactured standard-sig
nal generators, the word standard de
noting that certain characteristics (usu
ally the frequency, amplitude, and
modulation) of the output signal pro
vided are accurately indicated, or stand
ardized. With the introduction of the
TYPE 1025-A Standard Sweep-Frequency
Generator, the standard concept has been
extended to the sweeping-frequency sig
nal generator.

This generator has been designed

to be as universally applicable as possi
ble, but is particularly useful for sweep
frequency measurements on wide-band
devices where a multiplicity of adjust
ments must be set to secure the desired
characteristics.

In this instrument, the frequency of
the sinusoidal output is varied in a
smooth, continuous manner over a fre
quency band in repetitive cycles by
means of a motor-driven tuning capaci
tor. By this means, the amplitude re
sponse of a network or device as a func-

Figure 1. Panel view of Type 102S-A Standard Sweep-Frequency Generator.
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tion of frequency can be displayed
automatically on an oscilloscope. A
synchronously varying horizontal de
flection is provided for the oscilloscope.
The large dial on the instrument indi
cates the frequency of a manually posi
tioned marker on the display. The
amplitude of the marker is adjustable
and is monitored by a panel meter, thus
providing complete frequency and am
plitude calibration of the displayed
response.

An automatic amplitude-control cir
cuit holds the rf output behind an accu
rate 50-ohm resistance at a manually
preset level, independent of frequency,
line voltage, and load variation. The rf
output level is accurately indicated by
the panel meter and is adj ustable over a
wide range by a continuously variable
control and step attenuator.

The generator can also be quickly
switched to cw operation, in which func
tion it is as stable as a non-swept signal
generator, so that it can be used with an
external digital frequency meter for
really precise measurements of a response
after a preliminary sweep presentation
shows that such detailed measurements
are justified. This is not possible with
the usual sweep generator, so that often
both a sweep generator and a cw signal
generator are necessary.

Frequency Ranges

The oscillator coils for the various
frequency ranges are mounted on a 12
sector turret which is designed to permit
individual sectors to be readily replaced
for special ranges. The instrument is
normally supplied with ten octave ranges
covering from 0.7 to 230 Mc with
generous overlaps. •

The two positions on the FREQUENCY

RANGE control beyond the ten required

for 0.7 to 230 Me are normally supplied
with bandspread sectors of 400 to 500
kc and 10.7 + 0.3 Me. Additional band
spreads can be had at the sacrifice of
general-coverage ranges up to the 12
sector capacity of the turret. The band
spread ranges have an essentially linear
frequency distribution on the display,
while the octave ranges have a logarith
mic distribution. In order to make use
of a single pre-calibrated multi-scale dial,
the available bandspreads have been
quantized to fit a zero center +30 scale,
a zero center +100 scale, and a 40 to
50 scale. For the general-coverage octave
ranges there are four nearly logarithmic
scales which are used for 0.4 to 80 Me
and two quasi-logarithmic scales for the
65- to 140-Mc and 100- to 230-Mc
ranges.

Automatic Sweeping

The frequency is swept by a motor
driven tuning capacitor. The capacitor
rotates continuously at 1200 rpm and is
balanced both mechanically and electri
cally, so that no balancing weights or
sliding contacts are required. This is
accomplished by a split-stator design
with the rotor plates divided equally
about the axis of rotation.

The entire frequency range selected
is swept in 1/45 of a second, and there
are 20 sweeps per second. The oscillator
output is blanked off between sweeps to
permit the capacitor to return to the
low-frequency end of the range; the
sweeping is always from low to high fre
quencies. A sawtooth voltage is gen
erated in synchronism with the fre
quency sweeping for horizontal deflec
tion of a cathode-ray oscilloscope. The
entire range is swept, but, by means
of EXPAND DISPLAY and DISPLAY START

controls, as little as one-tenth of any



octave range can be set to occupy the
full screen width of the display oscillo-
cope. Where additional resolution is

required, band pread ranges can be
provided on special order covering as
littlE' as 5% in frequency for the full
range sweep, and this, too, can be re
duced by expansion of the display to
one-tenth of the full range.

Manual and Slow-Speed Sweeping

In addition to the normal sweep mode
of opE'ration, the sweep motor can be
stoPPE'd and a clutch engaged to con
nrct the marker control and frequency
indicator directly to the tuning capaci
tor for manual control of the frequency.
In this mode, the frequency indicated
on the dial is the cw frequency gen
erated. The generator still functions as
a swcep generator since a dial poten
tiometE'r provides a display sweep volt
age proportional to frequency-indicator
travE'l. Tn fact, the dial potE'ntioffiE'tcr is
arrangE'd to duplicate operation in the
normal swce-p mode, so that the DI~PLAy

~,. .'
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START and DISPLAY EXPANSION controls
continue to function. Thus, an xy plotter
can be connected to replace the oscillo
scope used with the high-speed sweep,
and a plot of the re pon e obtained by
slow rotation of the freque-ncy knob.

The manual drive provides a test
method for determining whether the
automatic s\veeping speed i exces ive
for thE' de-vice undE'r te t and, if it is,
for plotting the true re- pon e. Tn addi
tion, two dial drive are available, and
can be attached to the dial in place of
the manual-drive knob. The TYPE
908-P2 Synchronous Dial Drive is used
for slow-speed sweeping (10 seconds to
weep the full range of the dial) for dis

play on an oscilJo cope with a long
persistence phosphor. The TYPE 908-P3
Dial Drive provides a single sweep (1;4
minutes) for use with an xy plotter.

Marker Generation

The heart of this instrument, which
makes it unique among weeping gen
eratoI', is the system used to provide

•

,

'"• "#,.,
'" ,Jl1o' fit"s_., T.

.,,'-----" .

~U.OIoIl

.""",T\KI~
......""Vi.

Figure 2. Elementary schematic diagram of standard sweep-frequency generator.
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frequency markers in the normal sweep
mode of operation. Figure 2 is an ele
mentary schematic. The angular posi
tion of the variable capacitor can obvi
ously bc calibrated in term of frequency
generated for any particular range. The
position of the capacitor is used as an
indication of frequency, but in the sweep
mode it is done instantaneously. Figure
3 is a cutaway drawing showing how
this is accomplished. The capacitor drive
drum carries a thin iron vane, which
generate' a pU!'e as it pa ses a magnetic
pickup device. The pickup's angular
position is indicated on a dial and can
be adj u ted to coincide with the capac
itor vane at any position of the capacitor
within it active range. For each etting
of the marker pickup dial, the pulse
generated occurs at a particular posi
tion of the tuning capacitor and conse
quently at a particular frequency. The
dial therefore can be calibrated in fre
quency existing at the instant the pulse
occurs. If this pulse is displayed as a
vertical deflection on an oscilloscope
whose horizontal deflection is a time
varying voltage in synchronism with
the frequency variation of the oscillator,
the po ition of the pulse represent the
frequency at that point on the display,

regardless of any nonlinearities that
may be present in the display horizontal
deflection.

Since the respon e is presented as a
vertical deflection on the display, the
superposition of the marker could di 
tOlt the picture. To avoid thi , we take
advantage of the fact that the tuning
capacitor is useful for only 180 degrees
of its range. Figure 4 is a timing diagram
showing the relation hip of events in
the weep cycle.

The oscillator is blanked off for the
second 180 degrees of capacitor rotation
and, since the rotating capacitor with its
drive drum is a very good flywheel, the
angular speed of the econd 180 degrees
is the same as that of the fir t 180 de
grees of rotation. Consequently, the
time relationships in the two half-revo
lutions are identical for all practical
purposes. The marker vane is positioned
180 degrees from the position to be iden
tified, so that the marker is generated
while the oscillator i blanked off. The
blanking is controlled by pulses from a
fixed magnetic pickup. Two vanes, 180
degrees apart on a separate track from
the marker vane, produce pulses at the
beginning and end of the active tuning
range of the capacitor. These are used

TUNING
CAPACITOR
ROTOR

MAGNETIC
VANE

ORIVE
ORUM

IOLER
WHEEL

MARKER
PICKUP

...f\.. MARKER

--MARKER
FREOUENCY
DIAL

Figure 3. Magnetic vane
induces marker voltage in
pickup when capacitor
rotor position corresponds
to preselected frequency.

Reprinted frorn Electronics, by courtesy of !\lcGraw-llill Publishing Company.
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Marker-Amplitude Calibration

The output of an external response
detector is brought back to the signal
generator, in order that the marker can
be added to the vertical display voltage.
About 18 db of direct-coupled amplifi
cation is provided. A polarity-reversing

pickup operates with the same rotating
vanes used for the blanking, and thus
two equally- paced pulses are produced
per revolution of the tuning capacitor.
The angular position of the pickup can
be varied by the DISPLAY START control
to set the point at which the display
sawtooth starts. This, in conj unction
with the EXPAND DISPLAY control, per
mits any part of a frequency range to be
expanded on the display. About 10 to
1 i the practical limit of expansion, so
that 1/10 of any tuning range can be
made to occupy full scale of this display.
This requires a lO-volt full-scale display
horizontal sensitivity, since the maxi
mum peak-to-peak amplitude of the
sawtooth is 100 volts. The start of the
sawtooth is clamped to zero, so that
with a direct-coupled oscilloscope the
start of the display remains fixed and
the excess voltage deflects the trace-off
scale to the right. The base width of the
marker is less than 1% of the unex
panded display, and, since it occurs
when the oscillator is blanked off, the
base line on which it ets is the zero
reference level of the response. The re
sponse appears as a separate line on the
display, except when it is zero, owing
to presentation of the marker and re
sponse on alternate di play sweeps. The
triangular marker waveform permits the
indication to be read to about 1/10 of
the base width, so that resolution is
about 0.1% of the unexpanded display
or 1% with a 10 to 1 expansion.

1

I
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lwo.....'ormno' 10 ICole)

eRa SWEEP
vOLTAGE

CRO SWEEP
TRIGGER

(..o'ttform
not '0 Icol.)

to complement a bi-stable blanking
multivibrator. The proper phasing of the
blanking is obtained by use of the
marker pulse to set the multivibrator
to the blanked state if it is out of tep.

A awtooth waveform voltage i gen
erated for the display horizontal deflec
tion, two cycles occurring per revolution
of the tuning capacitor. The re ponse
and marker are displayed on alternate
sweeps of the di play so there is no inter
ference, one with the other. The dotted
marker-voltage pulse on the timing dia
gram of Figure 4 shows the position to
be identified, but the generated pulse
actually occurs exactly 180 degrees later
while the oscillator is blanked off.

Display Expansion

The display horizontal awtooth volt
age is generated by an electronic sweep
circuit triggered by pulses from the
DISPLA Y START magnetic pickup. This

Figure 4.
Timing diagram of one complete sweep cycle.
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Figures 5-8.
Response characteristics of 30-Mc i-f amplifier for
various alignment and sweep conditions (see text).

for a radar receiver in which the desired
passband is obtained by staggering the
tuning of interstage coupling networks.
Figure 5 shows the response of a properly
aligned 30-Mc i-f preamplifier for a radar
receiver. This is an Lmexpanded presen
tation covering exactly the full 24- to
48-Mc range of the TYPE 1025-A. The
vertical scale within the first two centi
meters down from the peak in this and
the following photographs is 2 db per
em. Figure 6 shows the same response
shown in Figure 5, but the EXPAND
DISPLAY control setting has been in
creased to make the horizontal scale

8

switch permits a right-side-up display
with a response detector of either out
put polarity. Step attenuators and the
metering of the adjustable marker ampli
tude provide means of calibrating the
vertical scale of the display.

Detector

When the device under test includes
a detector, its de output can be fed
directly into the EXTERNAL RESPONSE
DETECTOR terminals of the generator.

Where there is no built-in detector,
the TYPE 1025-Pl Detector Probe, sup
plied with the generator, will be found
satisfactory for most uses. Its high input
impedance imposes no appreciable load
on the device under test.

For 50-ohm system, the TYPE 874-VQ
Voltml'ter Detector and TYPE 874-WM
50-ohm Termination are recommended.

Generator Output Calibration

The rf output voltage is provided as
a true zero-impedance generator voltage
in series with an accurate 50-ohm resist
ance. The maximum value of the voltage
is one volt and is adjustable down to a
fraction of one microvolt by means of a
lO-db-per-step attenuator and a con
tinuously adjustable output control. The
output is indicated on a meter with a
multiplying factor determined by the
attenuator setting. A db calibration rela
tive to the one-volt output is provided
in addition to a voltage calibration.

Applications

One of the important fields of applica
tion for this generator is, as pointed out
previously, in measurements on wide
band devices where many adjustments'
are necessary to get the desired response.
A good example of this use is in the
alignment of a wide-band i-f amplifier

Figure 5.

Figure 6.

Figure 7.

Figure 8.
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1 Mc per centimeter, and the DISPLAY
START control has been set to make
30 Mc occur on the center line of the
display.

Figure 7 is an oscillogram of a much
sharper response characteristic for the
same amplifier when the interstage tun
ing is reset to a common 30-Mc fre
quency. The horizontal cale is the same
as in Figure 6, but the input level to the
amplifier had to be reduced about 20 db
to compensate for the increased gain
resulting from this adjustment.

Figure 8 shows how the response dis
play of Figure 7 can be further expanded
and centered by an increased setting of
the EXPAND DISPLAY control with the
DISPLAY START control reset. The hori
zontal scale in this photograph is 400 kc
per centimeter.

In all these oscillograms the marker
is at 30 Mc, but it may be used to cali
brate both horizontal and vertical scales
of the display. Incidentally, the ampli-

fier whose characteristics are shown was
designed to work from a 300-ohm source
shunted by a lO-pf capacitance, repre
senting the output impedance of the
crystal-diode-microwave mixer in the
radar receiver. A dummy network, con
sisting of a 250-ohm series resistor in a
TYPE 874-X Insertion Unit with a 10-pf
capacitor across the output connector,
can be quickly assembled to provide the
proper source impedance for testing this
amplifier. Similarly, other impedances
may be provided for testing devices
requiring source impedances differing
from the 50-ohm output of the generatOF.

- W. F. BYERS

CREDITS
The design and development of the TYPE

1025-A tandard Sweep-Frequency Generator
was carried out by W. F. Byers, supported by
E. Karplus, Group Leader; E. Favre, designer;
D. Foss, production engineering; W. Montague,
design drafting; and W. Pote, test engineering;
plus many others in Engineering who con
tributed to the details of the design.

-EDITOR

SPECIFICATIONS
•

FREQUENCY

Range: 0.7 to 230 Mc in 10 ranges (0.7 to 1.4,
1.3 to 2.6, 2.4 to 4.8, 4 to 8, 7 to 14, 13 to 26,
24 to 48, 40 to 80, 65 to 140, and 100 to 230
Mc) and bandspread ranges of 400 to 500 kc
and 10.7 + 0.3 Mc.

Al ternate range sectors can be substituted
in the range-selector turret. Tbose presently
available are: 0.4 to 0.8 Me, 2 + 0.1 Mc, 2.8
± 0.1 Mc, 4 to 5 Mc, 16 + 0.3 Mc, and 40 to
50 Mc. Special bandspread ranges can be pro
vided according to the following schedule:
Specified Center Frequency Bandwidth
Between 0.4 and 0.5 Mc +0.01 Mc-

0.45 and 1.6 Mc +0.03 Mc
1.4 and 5 Mc +0.1 Me
4.5 and 16 Mc +0.3 Mc

Control: ll-inch semicircular dial; scales are
logarithmic for octave ranges up to 80 Me,
quasi-logarithmic between 65 and 230 Mc,
essentially linear for all bandspread ranges.
Slow-motion vernier drive dial is provided. One
division on the vernier dial represents approxi
mately 0.1 % frequency difference on the octave
frequency ranges.
Calibration Accuracy: At output voltages less

than 0.3 volt, frequency is indicated to within
+0.5% when scale corrector is set to bring
dial to index line. At output voltages above
0.3 volt, an external load on the output can
produce frequency changes as large as +0.5%.
With an external frequency meter, scale cor
rector can be used to bring dial into agreement
for frequency resolution within + 0.1 %. '
Drift: Not greater than 0.3% for five hours
after one-hour warmup. I

Sweeping Rate: Frequency is swept from low
frequency end to high-frequency end of range
in 22.2 milliseconds 20 times per second. Out
put is blanked off for return sweep.
Sawtooth Sweep Voltage: Adjustable in ampli
tude up to 100 volts, peak-to-peak. Also adjust
able in starting point in the frequency range.
Marker: Internally generated marker of half
sinusoidal. 'Yaveform is adjustable in amplitude
from 3 mIllivolts to 1 volt; response amplitude
multiplier effectively extends range up to 100
volts. Amplitude is indicated to an accuracy
of +10%.
RF OUTPUT

Voltage: Adjustable from 0.3 microvolt to 1

9
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SPECIFICATIONS (Continued)

GENERAL

Frequency Output Voltage: 0.1 to 0.3 volt behind
50 ohms for operating external frequency meter
or external marker generator.
External Marker Input Voltage: 1 volt peak-to
peak into 50 kilohms. 13irclie-type markers can
be applied which are controlled in amplitude
and added to the response displayed.
Power Requirements: 105 to 125 (or 210 to 250)
volts, 60 (or 50) cps. Maximum input power
is 145 watts.
Terminals: Reees ed TYPE 874 Locking Con
nectors, except for EXTERNAL ~IARKER input
connector, which is a standard phone jack.
Accessories Supplied: TYPE 1025-P1 Detector
Probe, three TYPE 87-!-R22A Patch Cords,
three TYPE 87+-R33 Patch Cord, three TYPE
87+-C58A Cable Connectors, six TYPE 83 -B
Alligator Clips, TYPE CAP-22 Power Cord,
spare fuses.
Accessories Available: TYPE 874-VQ Voltmeter
Detector, TYPE 8H-WM 50-ohm Termination,
TYPES 908-P2 and -P3 Synchronous Dial
Drives, locking adaptors to ali standard coaxial
connectors.
Cabinet: Aluminum, with aluminum panel, in
both relay-rack and bench models.
Dimensions: Bench model- width 19, height
16, depth 13%" (485 by 410 by 350 mm), over
all i rack model - panel, width 19, height 15%"
inches (485 by 400 mm), depth behind panel,
11Ys inches (290 mm).
Net Weight: 73 pounds (34 kg.)
Shipping Weight: 108 pounds (50 kg), approxi
mately.
TYPE 1025-Pl DETECTOR PROBE (supplied with
instrument)

Input Impedance: 1.5 pf, in parallel with 25
kilohms up to 10 Mc decreasing to 6 kilohms
at 250 Mc.
Maximum RF Valtage: 3 volts rms.
Frequency Characteristic: Flat within 5% (0.4
db) from 0.-1 to 250 ~c.

Output Polarity: Positive.
Transfer Characteristic: Dc output voltage equals
the rrns rf voltage above 0.5-volt input;
essent.ially square-law characteristic below 50
millivolts rms rf input.
Fall Time: Less than 150 /Lsec, sufficiently short
to follow all det.ails of any response that can be
resolved at the maximum sweep rat.e of t.he
TYPE 1025-A.

volt behind 50 ohms (-123 to 7 dbm power
into 50 ohms).
Over-all Voltage Accuracy: + 14% up to 100
Mc due to maximum voltmeter and attenuator
err~rs listed below. Above 100 Mc, harmonics
rna\, add additional error of +3o/c.-
Voltmeter Error: 2% + 2% of full scale.
Attenuator Error: 1% per step to maximum of
6%.
Stability: Output is held at preset leve.! ~o
within + 1% (0.1 db) up to 100 Mc and WIthin
+3% (0.25 db) ul? to 230 Me. Changes. due ~o
line-voltage variatIOns and range sWltchmg wJ!l
not exceed +3% (0.25 db). A TYPE 8H-R22A
Patch Cord will reduce output 5% (0.4 db)
at 230 Mc.
Impedance: 50 ohms resistive with a vswr of
less than 1.01 at the panel jack. With a TYPE
874-R22A Patch Cord, vswr at the output of
the cable will be less than 1.1 over the frequency
range.
Leakage: External rf field produces negligible
interference with measurements down to the
lowest levels provided by the generator.
RESPONSE AMPLIFIER

Maximum Input Voltage: 1, 10, or 100 volt as
selected by the response-amplifier multiplier
switch. Noise level is less than 1 millivolt peak
to-peak referred to ~he. input. at the X.1 .(1 v)
position of the multIplIer sWItch, 10 mIllIvolts
at the X 10 (10 v) position, and 100 millivolts
at the X 100 (100 v) position.
Input Impedance: 1 megohm in parallel with
30 to 45 pL
Gain: Dc amplification between ~xtern~l re
sponse input connector and vertIcal dIsplay
output connector is X8 (1 db) at the Xl
position of the multiplier, XO.8 at the X 10
multiplier position, and XO.08 at the X 100
multiplier position.
Bandwidth: Greater than 10 kc. Sufficien t for
passing all details of any response that can be
resolved at the maximum sweep rate of the
generator.
Polarity: A polarity-reversing witch i pro
vided to give a positive display vertical output
voltage with either positive or negative inputs
from the external response detector.
DISPLAY OUTPUT VOLTAGES

Vertical: Up to +8 volts into 100-kilohm load,
consisting of marker plus response to be
displayed.
Horizontal: Up to + 100 volts dc or sawtooth
peak into 100-kilohm load.

Type Code Number Price

1025-AM

1025-AR

Standard Sweep-Frequency Generator,
Bench Model .
Standard Sweep-Frequency Genetatar,
Rack Model .

1025-9 01

1025-9811

$3250.00

3250.00

10
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VIBRATION METER

WITH METRIC CALI BRATION

To meet the requirements of those
who prefer to use the metric system,
the TYPE 1553 Vibration Meterl can now
be supplied with a metric calibration.
The TYPE 1553-A Vibration Meter
which is calibrated in mils displacement,
in/sec velocity, in/sec2acceleration, and
in/sec3 jerk, is still available. A new
model, the TYPE 1553-AK is direct read
ing in mm displacement, m/sec velocity,
m/sec2acceleration, and m/sec3 jerk.

Both instruments will be supplied with
the new TYPE 1560-P52 PZT Ceramic
Vibration Pickup.2 The basic frequency
response is now 2-2000 cps with the full
2-20,000 eps band available for accelera
tion measurement with auxiliary wide
range pickups. Other than the difference
in units and numbers appearing on the
FUNCTION and METER FULL SCALE dials,
the specifications for the two instruments
are identical. Tabulated below are the
ranges and corresponding units for the
two instruments.

In the table below MIN refers to
1/10 full-scale reading on the meter
with scale selector switch in the most

IE. E. Gross, HType 1553-A Vibration 1\Ieter/' General
Radio Experintenter, 35, II, November, 1962.
2E. E. Gross. "New PZT Ceramic Yibration Pickup and
Control Box for Vibration ::\]easurements," General Radio
Experim.enter, 36. II, November, 1962.

sensitive po ition (max clockwise). MAX

refers to full-scale reading on the meter
with the scale selector switch in the
least sensitive position. (This i deter
mined by rotation of the" scale selector
knob counterclockwise as far as pos
sible before CAL appears in the METEH
FULL SCALE window or before the knob
pointer is at CAL engraved on the panel.)

-E. E. GROS

PK TO PK INDICATION AVE INDICATION I FREQUENCY
TYPE NO. QUANTITY MIN MAX MIN MAX UNITS RANGE (cps)

1553-A Acceleration 0.3 300,000 0.1 100,000 . / . 2-2000In see
1553-AK Acceleration 0.01 10,000 0.003 3,000 m/sec2 2-2000
1553-A Velocity 0.03 30,000 0.01 10,000 in/sec 2-2000
1553-AK Velocity 0.001 1,000 0.0003 300 m/sec 2-2000
1553-A Displocement 3 300,000 1 300,000 mils 2-2000
1553-AK Displocement 0.1 10,000 0.03 10,000 mm 2-2000
1553-A Displocement 0.03 30,000 0.01 10,000 mils 20-2000
1553-AK Displocement 0.001 1,000 0.0003 300 mm 20-2000
1553-A Jerk 30 300,000 10 300,000 in/sec3 2-20
1553-AK Jerk 1 10,000 0.3 10,000 m/sec3 2-20

Type

1553-AK Vibration Meter (Metric Units) .
U. S. Patent Xo. 2,966,257

Code Number

1553-9817

Price

$740.00

11
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A SINGLE-PULSE TRIGGER

FOR THE TYPE 1217-B UNIT PULSE GENERATOR

'Yh n the- ne-,,· TYPE 1217-B nit
Pulse Generator' wa in de ign, we con-
idered adding a panel pu hbutton to

p<'rmit a ingle pul to be produced
manually. Th r are 80m seriol! di
advantag to a panel-mount d pl! -h
button; it may be hard to reach, and
ven if it can breached i may be awk

ward and til' 80m to pu h. A more com
fortable method, and one which i more
conomical for user who do not need

manual operation, is to make the pu h
butt n a hand-held d vice; hence the
TYPE 1217-P2 ingle-Pulse Trigger.

rlh trigg r a mbly consi t of a
MicTo -wit h battery, and bounce fIlter.
The C'ireuit arrangement applie a clean
d pul (normally negative-going) to
th input t rminal of the TYPE 1217-B

nit Pul e G nerator which i t up
to acc pt a negative-going external
trigger. It ",ill produce it in I output
pul e when the button i' l' I a ed. \ h n
th tri er input plug i rever ed a
pul will b produced when the button
is fir t pu hcd.

Th re are- myriad application for a
pul"e generator which will produce a
,ingle pul upon manual command. For
example, in de ign of compl x system
that are intended to operate at any hi h
repetitive rate, it i ft n desir d to
cycle them lowly (to permit voltag s
to b read, for xample). With a manual
Y'tem the u r can rapidly kip un

wanted condition, and then low down
and top at the de ired condition. Th
pu hbutton, which in no way alter th
pul pecification of th generator,
will 0.1 permit a pul of given dura
tion and amplitud to be injected into
a working y tem at random time , thu
approximating a controlled noiseimpul .
1 R. W. Frank, "More and Better PuIB"" from he tinh
Pulse Generator," General Radio E:tp,.,.ime-nLtr, 36,1 & 2,
Janu,u"·February, 1962.

SPECIFICATIONS

BOllery: 1.5-volt penlite cell.
Battery life: hclr life of battery used.
Weight: 6 ounc~ (0.2 kg).
Dimensions: Diam t l' IX, 1 ngth 4Y2 inches
(32 by 115 mm), over-all.

Pulse Output Amplitude: -1.2 to -1.5 volts de
pending on ball<'r}' 1I d, behind 200 kilohms.

Upon switch closure: RiS() to zero volt in
approximatl'ly 0.02 ond.

Upon switch opening: Fall to bctween -1.2
and -1.5 volls in approximatel~' 0.02 econd
with output terminals open-circwtcd.

Type Code Number Price

1217·P2 Single·Pulse Trigger .........•............... 1217-9602 $25.00

12
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A RADICALLY NEW COAXIAL CONNECTOR
(Continued from page 1)

These instruments and components
can also be used to advantage for
measllrements on systems fitted with
other types of connectors through the
usc of adaptors. T'ho errors introduced
by these adaptors art' small compared to
the errors and uncertainties in the
characteristics of most other connectors.

Design Objectives

The design obkctivcs of the 'rYPE 900
Connector program W(-'I'C;

(1) Each connector must matp \yith
every othrl' and be scif-conb.tilll'd) with
no male or female parts or loose parts,
such as bullets.

(2) Charactcristic impedanec must be
50 ohms ± 0.1 %.

(3) Connector VSWH must be better
than 1.0 l up to 9 Gc.

(4) Connector VSWR must hp n"ppat
able to within 0.1%.

(5) The connector must include an
in::;ulating bead support for the center
conductor.

(6) All cu'rrent-carrying surfaces must
he of silver or a silver alloy for low loss
and low contact resistance.

(7) The leakage of energy from the
connector must be lower than that from
any other available connector.

(8) The electrical length must be a

convenient, integral number of milli
meters.

(0) YswH-guaranleed limils must be
established and each connector checked
against these limits up to the cut-off
f'requ{-,llcy of the nil' line.

The over-all objective, then, was to
design a connector far IX'Mpl' than any
existing type and to manufacture it at
reasonable cost, For f'xamplc, the design
tolerance on characteristic impedance
was set at ±O.lo/c, and thjs dictaled
tolel'ancrs on the diampters of the inner
and ollter conductors of ± 100 and ± 200
microinches, respedively. Once this de
sign objective was frozen, then eXLcnsive
pl'odudion cnginpering was requil'C'd to
find relatively pconomical methods of
manllfactul'(' to such close tolerances.

Description

'Thf' 'TYl'E 900 COl1lwctor is intpnded
for usc on rigid air-dielf'ctric, 9/1G
inch, 50-ohm coaxial transmission line
(principal dimensions: O,5(i25 inch and
0.24,125 inch). The connector (Figure I)
consists of (1) a solid silver-aHoy inner
conductor and spring contact, (2) a
solid coin-silver ouiC'!' conductor, stain
lcss-steel centering gear ring, and lock
ing nut, and (3) a solid Tefton bead sup
port. 'The connector is attached to the
all' lill('> by a coupling nut and retaining

2

INNER CENTERING RETAINING

CONOrR '11 ".CM; r ITI
~~o._~.
/ I I I

SPRING BEAD OUTER COUPUNG
CONTACT SUPPORT CONDUCTOR NUT

LOCKING
NUT

I

Figure 1. Exploded view
of the Type 900·BT Preci
sion Cooxial Connector.



ring on the outer conductor; the inner
conductor is thrcaded into an 8-32
tapped hole in the center conductor of
the HiI' IinC'. SilvC'r is uscd extensin:,ly
throughout the connector, and all silver
parts arC' plalC'd with a few microinehes
of gold to keC'p thrm from tarnishing.

Mating Surfaces

\\'hen two of thC'sc tonnedors are
mated, the centering gear rings inter
lock and o,·erlap in ordN to center each
of the connectors ,,·it h I"('spert to tbe
other, and also to pro\'idr indexing in one
of 16 possible po~itions. The outer con
duc·tors haxe solid coin-silver flange
type surfaces, whi(·h arc butted tightly
logC'ther by t he pressure of the locking
nut. Only onr of th(' locking nllts is
necrssal'y for th(' connection; the un
used one is backrd off into a storage
position. The over-all diameter of tbe
mated pair i, only 1-1/10 inches.

The front surfaces of th(' innf'r eon
ductal'S arc rere~sed by 0.001 in('h with
!'f'SpeCL to the sIII'f11('r8 of the outer con
ductors to insllro that the outer conduc
tors will always meet, first. Inner con
ductor contact is made by a spring
contact assembly, which projects slightly
beyond thr surface of the outcr conduc
tors until the connector is mated (sec
Figure 2). The spring-eontact assembly
consists of six solid silw>r-alloy seg
ments, independently sprung. "Cpon
mating, theS(' contacts arc forced back
and spread, making ,,·iping contact both
\,"ith one anothrr and with the inside
surface of the inner conductor. This
method of mating inner conductors
a"oids the' di&'ldvantages of slots placed
in the electric field, and it does not affect
the diameter of the inner conductor.
Only one spring contact is necessary for
a good ('}ectrical connection; the spring

FEBRUARY-MARCH, 1963 ~
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,
Figure 2. Cross·section view of the connector showing

contoct surfaces at two mated inner conductors.

contact will matC' ju:st as well with a flat
surface.

\\"h('n two connectors are mated, the
conductors mC'('t in the center of the
('onneetion, and this provides a vCl'y
eonvenien t rlre{ rical rrff'rence plane.
(For instancC', a !'C'ferpncp short circuit
consists of simply a disc, whose f'lcctri
cal position coilwides exactly ,,'ji-h thr
centerline of t he mated pair.)

'1'he Ollt('l' f'Ondll<'tors arc held in align
ment to within 0.001 inch by the center
ing gf'UI' rings and form a continuous
tubp through t he centerline of the joint.
In this rC'sp('('t, the connection is as pre
cise as that t'ormC'd by the junction of
two wavrgliidC' flanges of the type llsed
in prf'('ision wavrguide standards. Un
like wa\'rguidrs, howen'l", the mating
surfaces are protected from accidental
damage by thr teeth of the gear ring,
wbieh extend well beyond these surfaces,
If thr surface of the outer conductor is
damaged or soilrd, the gear ring and the
spring contart c:tn be removed without
disaSSC'mbling the conneetor, and the
mating surface can be lightly lapped to
restore it to its original condition.

Bead Support

An esscntial part of any generally usc
ful coaxial connector is the ooad support,
and this part usually is the most troublp-

3
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some to design. A new approach has
been lIscd in the TYPE 900 Connector, in
order to takc advantage of the exccllcnt
rlrctrical properties of Tenon without
incurring the disadvantages associated
\dth its difficult mechanical propert.ies.
Th0 bead is made slightly larger than
t hr inner diameter of the outer conduc
tOI', so t hat a press fit is necessary.
Similarly, the bead thickness is slightly
oyersized J and the hole for tbe inner
conductor undersized, so that the bead
finally assumes the dimensions of the
metal parts rather than its original di
ffif'llsions. The faces of the bead arc
undercut to compensate fol' di:scontinuity
capacitances at the interface. The depth
of these undercuts is used 10 keep bead
weight within close tolerance. \\'eight
has been found to have a first-order
cITect on VSWR, while minor variations
in dielectric constant or mechanical
dimensions with weight held constant
h""e only a second-o"der effect. As
further advantages, the press-fit Teflon
bead holds the inner and outer conduc
tOI'S togcthcr in a rigid assembly and
k('eps dirt and moisturc from entering
the line or component.

The electrical performance of the bead
support determines the performance of
the connector. The type of bead used in
this connector ,yas dcseribed by M.
Ebisch', and it appears to give perfect
results up to and above the cut-off fre
qurney of the ail' line. The eharacteris-

1:\1. Ebiseh, "Coaxial :\leWlurement-Line Inserts of llil(h
Precision for the Frequency Ran.'(c 1-13 Gc," 1"rcqucJlz,
February 1959, \'01 l:l, No 2, 1)1} 52-56.

tic impedance inside the bead is exactly
50 ohms. Both the inner and outer con
ductors arc ~tepped to accommodate
the bead, for it has been found that the
bead end capacitance is thus minimized.
The eflcct of the remaining end capaei
tance is compensated by removal of
some of 1he dielectric from both faces of
the bead. As a result, the VSWR of a
single bead support of this type can be
held to less than l.OO! up to 9 Gc. The
performance of the connrctor is theoret i
cally equal to that of a headless connec
tor, and the only limitations are those
imposed by manufacturing tolerances.

Performance
VSWR

The most important characteristic of
a precision connector is, of course, its
VSWR; that is, the extent to which it in
troduces reflections into an otherwise
matched transmission line. Figure 3
shows the VSWR test specifications that
rach connector pair must meet (1.00 1 +
0.001 fOe), as well as an average charac
teristic, Connector VSWH is measured at
six frequencies up to 9 Ge. Since it if' im
possible to say how much each connector
contributes to the vswn of the pair, the
test limits for the pair are used as the
catalog specification for a single connec
tor. Since the VS"'R of these connectors
is well below 1.01 over the entire fre
quency rangc, several new tcchniqucs
and new instruments had to be devel
oped to measure such low values of
VSWR. 1"01' example, a substitution
method of measuring the VS\\'R of prc-

,,, . ,
FREQUENCY IN Go

,
VSWR I TEST -I--
SPECIFICATION f-.... I-- I--'

I--
j..- AVERAGE VSWR OF 40

I---
-;;:;

PROOUCrON COHjECTORS

0

~
•o
••·>

Figure 3. Type 900
ConnedOf" VSWR vs
frequency. All con
nectors must meet the
test specificCltion

shown.
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CISIOn connectors2 ,3 was devised to dis
tinguish the VSWR of the connectors
from the residual VSWR'S in the slotted
line and termination. Tn this method the
basic standard is a short length of rigid
air line whose characteristic impcdance
can be accurately calculated. A slotted
line recording system was developed,
which made possible the measurement of
vswn's as small as 1.0005 by a substitu
tion method. The chart record of such
a measurement is shown in Figurc 4;
the full-scale value of vswn can be ad
justed continuously from 1.20 to 1.008.

Repeatability

Anothcr very important characteristic
of a precision connector is rcpeatability,
that is, the consistency of measured
val ue as the connection is broken and
remade in different orientations, The
repeatability of the butt joint of the
outer conductors is virtually perfect as
long as the faces are kept reasonably

2 A, E. Sanderson. "A :\ew High-Precision .\letllod for
the .\Ieasurement of the vs"'n of Coaxial Connectors,"
IRE Trarliiflctions Oll ,UicroWGre Theory and 'l'echniques,
NO\'embcr 1961, \'01.:\ITT-9. No 6, pp 524-528.

SA. E. Sanderson, "An ,\courate Substitution ~rethod of
l\leasuring the Vswn, of Coaxial Connectors," The
MicrowGre Journal, January 1962, Vol 5, No I, pp 69-73.

F:E8RUARY-MARCH. 1963

clean and free from nicks or scratches.
The connection of the inner conductors
repeats to within ±0.03% up to 9 Ge,
owing mainly to the action of the spring
contacts, which maintain a good connec
tion even when there is some misalign
ment, without transmitting torque or
bending moments across the joint. This
is important because the two inner con
ductors are rarely perfectly centered
with respect to the outer conductors, so
that, as two connectors are mated in
different orientations, thc alignment of
the two inner conductors changes. The
misalignment itself is not so important as
the stresses and strains introduced when
"builds" are used to force the center
conductol's into alignment. A chart
record of a repeatability run is shown in
Figure 5; between each line the joint was
broken, rotated 45 degrees, and remade.
The total spread is less than ± 0.02%.

Leakage

The leakage of energy from a coaxial
connector can be of great importance in
measurements at low levels, or when
large amounts of attenuation are present
in the system. For example, energy
could be lost at the input connector of an

Figure 4. Chart record of the measurement of the
minimum detectable VSWR. Curve 1 shows a peak-to
valley voltage variation of 0.050/0, corresponding to a
VSWR of 1.0005. Curve 2 shows for comparison a
"flat" line, VSWR = 1.0000. The frequency is 6 Gc.

Figure S. Repeatability of the Type 900 Connector at
6 Gc. Between each pair of lines on the chart, the con
nection was broken, rotated 45°, and remade, The
spread in measured VSWR's is less than ±0.02%.

5
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Figure 6. Leakage of
coaxial connectors as
a function of fre·

quency.
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attenuator and recovered at the output
connector, causing an erroneous indi
cation of attenuation. The leakage of
the TYPE 900 Connecter is compared
with that of other types of connectors in
Figure 6, and is lower than that of any
other commonly used coaxial connectol'.4
This is due to the triplc shielding action
of (1) the butt contact of the outer con
ductors, (2) thc interlocking and over
Japping of thc centering gear rings, and
(3) the outer locking nut.

This is virtually the same as the loss in
an equivalent Jength of silver, air
dielectric transmission line.

The eleclrical length of a pair of
TYPE 900 Connectors is 3.50 cm and is
virtually independent of frequency. The
dc resistance of a mated pair is typically
0.4 milliohm for the inner conductors,
and 0.04 milliohm for the outer conduc
tors.

Conclusion

Insertion Loss, flectricol Length, and DC
Resistance

The insertion loss or attenuation of
the TYPE 900 Connector is minimized
by the use of Teflon for the bead and
solid silver alloys for both the inner and
outer conductors (silver-plated sur
faces are relatively poor conductors in
contrast to these alloys). The insertion
loss of a mated pair depends on fre
quency, according to the following
approximate formula:

Loss ~ Vj;. X 0.002 db.

oJ. Zorzyand R. F. :\lueblberger, "RF Leakage Charac
teristics of Popular Cooxial Cablee and Connectors, 500
:Mc to 7.5 Ge," Tile ,\ficTou.'lne Journal, Kovember, 1961,
pp 80-86.

The TYPE 900 line of coaxial equip
ment includes many instruments and
components either now available or in
dcvelopment. Among those soon to be
announced arc a precision slotted line, a
slotted-linc recording system, and vari
ous terminations, air-line sections, and
adaptors.

During the past three years, proto
types of the TYPE 900 Connector have
been used at General Radio and at other
research laboratories. This extensive
field testing has proved that the theoreti
cal excellcnce of this connector design
has been realized in a stable, practi
cal connector.

- A. E. SAKDERSON
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SPECIFICATIONS

Frequency Range: DC to 9 Ce.
VSWR: Less than 1.001 + 0.001 X fG~ per con
nector. (Connectors al'e tested by pairs, and
this figure is used as the test limit for a pair of
connectors. )
Repeatability: Within 0.05%.
Leokoge: Better than 130 db below signal level.
Insertion loss: Less than 0.003 VIce db per pair.

Eleetricallength: 3.500 ±O.OO5 em per pair.
DC Contoet Resistance: Inner conductor, less
than 0.5 milliohm; outer conductor, less than
0.07 milliohm.
Dimensions: Length of one connector, 1-3/16
inches (31 mm); maximum diameter. 1-1/16
inches (27 mOl).
Net Weight: 2 ounces (60 grants).

Type Code A'umber
9OO.BT Precision Coaxial Connector ........••........ 0900-9405 $35.00

MEASUREMENT OF DIELECTRIC PROPERTIES

OF PLASTIC TENSILE SPECIMENS
By LAWRENCE C. LYNNWORTH*

·~ow with Parametrice, Inc., "'altham. ;\Iass.

Figure 1. Stondtlrd tensile btlr in dielectric stlmple
holder. Pin in jig tlcts tiS stop for shorter specimen.

Aveo Research and Advanced Development Division

Wilmington, Mossochusetts

plastics lics in the correlation of dielec
tric properties to the above-mentioned
factors that infiucnce mechanical proper
ties, These correlations have been re
ported in the literature and occasionally

Introduction

New rcscarch and production-line
applications for instruments of calibra
tion-laboratory caliber are being moti
vated by rcliability requirements for
aerospace materials, These require
ments, and the corresponding need for
electrical measurements, may be ex
plained as follows:

The tensile properties of metals, ce
ramics, and plastics exhibit considerable
variability, Plastics, in particular, show
variations attributable to composition
nonuniformity, porosity, degree of cure,
anisotropy, cracks or foreign inclusions,
and absorbed moisture. In view of this
observed variability, a nondestructive
mcans of predicting thc tensile proper
ties of plastics is desirable. Prediction
of properties becomes especially impor
tant in aerospace applications where
safety factors are minimum,

One approach to tbe problem of pre
dicting the tensile properties of variable

7
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Since the specimen is one-quarter
inch thick, but the gage area is only
about one square inch, C = frfoA/d is
usually between one and ten pf. There
fore, a shunt capacitor is required, such
as Variable Air Capacitor, TYPE 874
VC, to bring the capacity up to the
range of the CapaciLance-1\1easuring
Assembly, TYPE 1610.

Procedure
KorDatlOkc

Figure 2. Hypothetical inverse relation when woter
absorption reduces tensile strength of a hygroscopic

plcJStic.

provide the basis for quality-control pro
cedures. '- s For example, absorbed water
weakens plastic, while increasing its di
electric constant J( and dissipation fac
tor D. Therefore, measurement of J( 01'

D indicates water content, from which
reduction in strength may be predicted.

In this note a fast and simple means
of determining the degrce of correlation
betwcen dielectric and tensile properties
is described.

Discussion

In Figurc ], a Lensile bar is centered
in a Geneq11 Radio Dielectric Sample
Holder, TYPE 1690-A. The tensile bar
conforms to the dimensions recom
mended in ASTM D638-61T; i.e., the
gage length is two inches. This is fortu
nate, because the sample holder (sec
ASTM D 150-591') accordingly samples
only the gage length.

The unorthodox removal of the side
doors has not yet caused measurement
difficulty, as was verified by tests on the
Teflon specimens in the foreground. In
an electrically noisy environment, how
ever, shielding would be required.

Figure 3.
Closeup of probe and slabs.

8

Tn practice, to determine whether a
useful correlation exists between di
electric and tensile properties, a tensile
bar, after suitable environmental condi
tioning, is wiped dry, centered in the
sample holdcl', and ex and D x are deter
mined at 10 ke, [01' example. Thc bar is
removed and is ready foJ' tensile testing,
with less than one minute added to the
interval between pretest environment
and tensile test.

\Vhcn more than onc factor is sus
pected of influencing tensile properties
(for example, moisture absorption and
resin-hardener ratio), it may be neces
sary to use two or more test frequencies.

Results

For a hypothetical case, wherein
moisture absorption reduces tensile
strength and is the only variable present,
correlation is illustrated in Figure 2.
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Figure 4.
Capacih:lnce vs thicknen of

C1ir-boked dielectric 1lab.
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Quality Control on Production line

Once a cOITf'lation has been estab
lished, tensile properties may be pre
dicted on the actual production part by
using HI) electrode arrangement designed
01' calibrated to yield K and D. One
USf'ful configuration consists of concen
tric electrodes (Figure 3). Other shapes,
such as contoured 01' elongated probes,
arc of course possible.

It may be mentioned that even if
probe geometry is not amenable to math
ematical analysi:;:J measurement of K
and D is still simple, since Pl'Obe calibra
tion by slabs of standard dielectric
matf'rials is straightforward (Figure .J).

Conclusions

As capacitance and dissipation-factor
measurements become increasingly sen
sitive over a range of frequencies, COI'I'O

lation of dielectric and physical proper
ties may provide the basis for quality
control procedures and for new and
interesting applications for instruments
that may have been occasionally con
fined t.o the calibration laboratory. The
TYPE l690-A Diclcctrie Sample Holder
has been used satisfactorily with AST~I

D638 tensile bars, and may also be suit
able for testing tensile samples of thin
plastic sheet.ing (AST~I D882-61T) or
nonrigid plastics (AST~I D4l2-61T).
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RANGE EXTENSION OF THE
TYPE 161 5-A CAPACITANCE BRIDGE

the transformer taps to provide the &'1111('

stcps of adjllstmrnt in the external
dccadC' whieh thr levcrs pro,-idp fol'
intcl'llal standards.

This capacitor is not a calibratC'd
standard. It is to be adju,tcd in terms
of thr strmdards in the bridge. by I11rans
of its nuiablr trimmer capacitor. for
rither two- or thr('r-tcrminal operation.
Dimensions: Diameter 3-1/16 by length 43/g
inche-; (78 by 125 mm).
Net Weight: 1 pOllnrl (0.5 kg).

In the TYPE JGJ5-A Capacitance
Bridge the largest, standard eapaeitoJ' is
1000 pf, and the largest ratio in the
transformer ratio arms is 1000: t. The
bridge can, therefore, measur(' unknown
capacitors lip to 1.11 t 10 J,if. The range' of
the bridge can be extended upward con
tinuoutily through anoth?1' decade to
11.11110 ~f by the usc of an external
standard capacitor of 10,000 pI.

Thr TYPI~ J(jI5-Pl Range-IGxtcnsion
Capacitor is a IO,OOO-pl' mica capacitor,
designed for easy connection and adjust
ment to extcnd the range of the bridge
to 11 ~f.

The bridge has EXT ST.\::-.'O.\HD termi
nals to whieh this capacitor can be con
nected and an c!even-posil ion rotary
:m"itch

1
which connects the capacitor to

Type ('o'le NIIIn/)er Price

1615·Pl Ronge-Extension Copacitor. IG15·91101 $35.00

TYPE 1633-P1 RANGE-EXTENSION UNIT

The TYPE IG33-Pl R~n6e-Extcnsion

Cnit can be used with the T"PE lG33-.\
Incremental-Inductance Bridge to C'x
tend the ('urrent ratings to .10 :vnpC'l'CS.
It eonnrcts a 250-wa1,t, O.I-ohm resistor
in parallel with one of the bridge arms.

lligh-<:1I1T2nt terminals C.lIBb]p of aC
('ommoda.ting leads up to I -l inch in
diameter arc pro"idec! on the range-('x
tension unit for the gelleralor and un
:.-:nowl1 ..\ cable is furnished for connec
t ion to the bridgr.

\Yhen the range-extcnsion unit is con-

neoted. th£> operation of the bridge is
unch~ln~('d. hut only the a, b. and c
ranges can be usrd. Bridge readings must
be multiplied by 0.1. The upper limit of
measurement is 100 mh lip to 120 cps
and 10 mh up to Ike.

The usc of the TYPE 163:3-PI Range
l~xl(,llsion Cnit at frC'quenries up to -1-00
cps can calise up to 1~ addit iOllal errol'
in the bridge readings. Correction call be
made for the largC'l' enol' occurring at
higher [I'equem·irs. 1'hr temperature
coefficient of the I'rsistor is lcs~ than 20
ppm per degree Centigrade.

Any CUITf'nt up to 30 amprl'es contin
uous. or 50 amperrs intermittent. ac 01'

dc, can be used. Continuous operation
at 50 amperes wit hout for('C'd-ail' ('ooling
is not I'('commended.

Dimensions: Widlh 10 11, height 4 1i, depth
5 inches (270 by liD by 130 mm).

Net Weight: 5}.i pounds (2.4 k~).

10
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RichQrd RogersGerald Lett

Hie·hard K. Eskeland has recently
joined thc slarf of our ~letropolitan:\ew
York Office. He' will \)C' calling on Ollr

customers in thf' northern .:\"cw .Jerscy
area.

Crawford E. Law has been at Ollr

Syraeuse Office since October 1962. He
will be visiting customers in .xl'\\' York
State west of Syracuse.

Richard EskelandCrawford law

PERSONNEL CHANGES
at our

Sales Engineering Offices

Hithard G. RogC'l's, now at our ~('W

England Office, will be de"oting fulltimc
to culling upon our customers in the
Bo.lOn and southern :\cw England
arc-as.

Grrald L. IA'l twas as:5igncd to OUf

\\"ashinglon Office', in .r\ovcmbcr 1962.

INSTRUMENTATION IN ISRAEL

Thp J;ir:st Tnj-(,I'na.t iOllal Electronics,
"\TUCIe-OllieS, Control and Scirntific In
strumentation Exhibit ill Israel was held
at Tel Aviv, -:\ovcmbpl' 7 through 16,
1962. Somc 5000 r<,presentatives of

science, engineering, and industry in
Israel came to sec the latest ('quipm(~nt

displayed by 16 manufacturers, includ
ing Gcne-ral Radio, whose booth If'

~ho\\"n in tIl(' photogmph~ brlow.

(lef,) Mr. R. Danziger of Eastroniu, ltd., General Radio re?resenlatives in Israel, demonstrates GR
instruments to Mr. I. Ben Menachem, Postmaster Ge:1eral of Israel. (lUgh') Colonel M. Koshty,
Deputy Director General, Israel Ministry of Defense, watches a demonstration of the Strobotac:ID

electronic stroboscope by Peter Macalka of General Radio Company (Overseas).

11
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GENERALTHE

ABSOLUTE CALIBRATION OF

PZT MICROPHONES
Reciprocity tcchniques1•2 ,3 •.U> hayc long

been rccognjzcd as the preferred means
of determining the absolute pressure
calibration of microphones. By these
methods the sensith'ity, defined in terms
of voltage output pCI' unit of acollstic
pressure, is determined f!'Om the meas
urement of \'oltagc ratios, mechanical
dimensions, and electrical impedance.
The techniques ha ve been refined ovcr a
period of years to the point where agree
ment between laboratories to 0.1 db 01'

IW, H. :\ltlcLcllll, "Absolute l\lcasurement of Sound
Witho\lt a PrillW.ry f.:.tllll{lard," JauTlwl of the ;!C<)uslica{
Society /il .4merirll, 12, 140-146 (1940).
lB. K. Cook, "Absolute Pressure Calibration of :\Jicro
phones," JOl,r'llrJ/ of at~/!Ilrch, National Bureau of Stantl
al'<l8, 25, 480 505 (1040): ltlrw .Ivurlwl vf the Acou~tical
S(/{"ielll of Altlericll, 12,415-420 (1941),

beUer, on stable microphones, is con
sistently obtained. These "alues repre
sent the best ayailable measure of
microphone sensitivity in the present
state of the art.. Such accuracies are not
casily rcalized, howe\'er, and are in fact
obtained onl~r by mcticulously careful
laboratory work, together with a fair
amount of calculation, An houl' or mol'c
is normally allowed to obtain I'eliable
rcsults at a single frequency.

11 .. L. Beranek, Acoustic Jllealfllrementlf, See. 4.2, John
Wiley & Sons, [ne. (1049),
lAo L. ])i~lallin and F, til. Weiner, "On the Abwlute
I're!!Sure Calibrution of COlldell~cr ~[icrophonell by the
Bceiprocity i\[ethou," Jourfwl of the A.cou3Iica[ Sodety
of A rrleric(l. 18, 341-<~44 (H')46),
~AllIerieati Standard Method for the Pre!!SureClIlibrRtiOIl
of l.ltbol"l11.01'y :;Inndnrd 1'I'c!!Sur(' i\lierophOlWs, Z24.4
\949.

Figure 1. The Type 1S59·A Micro·
phone Reciprocity Colibralor is
supplied in 0 Flip-Tilt case for
convenient bench use. A relay.
rack model is 0150 available.
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A ne,,' General Badia dc,'elopment,
the Ty,,>o 1559-A ~Iicrophone Reciproc
ity Calibrator, reduces the reciprocity
mr(1surcmcnt to a mat tcr of routine for
Gcncl'al Radio piczoclcctric microphones,
The instrument is portable, and the
measurcment tcehniquc is so simplificd
that a measuremrnt at anyone fre
qurncy can be madr in a minute or so,
Brrore important measurements arc
undrrtaken, field ehe('ks of microphone
~('n..::iti,·iIY C:Hl be made "'ilh this cali
brator to an accura('y comparable to
Ihat hitherto obtainable only in th(> IW"it
standardizing laboratories.

Basic Principles (see also page 3)

]n addition to the transducer to be
calibrated, the reciprocity technique I'e
quires 1\\'0 othcl' transdu('crs, one of
which is reciprocul.*u,7 and an acoustic
('fixity. One Lransduccr is used as a sound
sourcr which excitps the remaining two
transducers (microphonrs) with a sound
pl'rS5ure. The ratio of the open-circuit
\'oltagcs of thc two mic'rophones equals
thr ratio of the microphone sensitivities.
If the two microphones are then coupled
together by a known acoustic imped
ance (the cayity) and the reciprocal
microphone is dri"en as a sound source,
thc ratio of the open-circuit "oltage of
thc second microphone to the dri"ing
c'ul'J'ent of the first minophone can be
• !u a reciprocal de\'ice, the rlltio or response to excitation
is unchanll;ed if the point!! of excitation and obsernl.\ion
lire imerehanJ!:ed, provided lhnt Ihe terminal conditions
rClllllin the same.
Gl.ord Hnyleij,(h, The Theory ()/ .'j()ulld, \'01 II, 108, ),Iae,
millan and Company, T.td, (1877).
IS. Ballantine, "Hcciprocity ill ElcctrOlllaJ!:lletic, :llechlln
ieal, J\coustiCll.1 and Interconnected '-;ystcms," Proceedinl/s
,,/t/tt !HE, \7,929-95\ (1929).

theoretically related to the product of
the microphone sensiti\·ities. The two
relationships, one for the ratio of micro
phone sensitivities and one for the
product of microphone sensitivities, can
then be soh-ed fol' the sensiti,'ity of
either microphone. The acoustic imped
nne-eS of the cadty is the independent
calculable quant it,Y in terms of ,,'hich
microphone sensiti"ily is estahlished.

A Unique Device

'rhe uniqueness of the TYilE 1.559-.\
)'licl'Ophone Reciproeity Calibrator )'C'sts
on 1he following design feature'S:

(I) The transducer used to determine
the ratio of sensiti"ities is in the form
of a piezoelectric I'ingt which makps up
the cavity wall, tl1('l'eby eliminating thp
need for physi('nll,v intrl'changing the
location of micl'ophones during the
course of the measurpment. 1~lcctl'ica.1

excitation of the ring produces a uniform
sound pressure throughout the en \·ity.
This fact, pillS the s;'mmetl'y that re
sults from the use of a transducer in the
form of an encompassing cylinder to
gether with a re,'ersihle transducer iden
tic'al to the microphone being measured,
makes the coupler u&'1ble over a wide
frequency range.

(2) ,\ s\,'itch is used to connect the
('ircuits for th(> requil'ed opcrations \yith
out the need for physic-ally interchang
ing the transducers .

(continued on page 4)
t A similllr lind indeIJOm!<-rlt de\'('lopment has been
recentl,v relJorted: sec" Pref!llure Cnlibrn tion 01 :lIcasuril1j,(
:llicropholLes by the Hceiprocity :\lethod," SOl'iet Physinf
Acoustics, 26, 2, Oct-Dee ID60, p 246.
~p, :II. ;\lor8e, Vibration MId Soulld, Chapter 6, :llcGr(l,1\"
lIilI (1036).
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THEORY, OPERATION, AND READOUT
EXOTlNG VOLTAGE

Figure 20. Conditions for Step 1. Figure 2b. Conditions for Step 2.

(I)

STEP 1 - Bot.h mierophoncs are excit.ed b.v the
same sound pressure, Pl. Their open-('in'uit
voIUtj.!;<'s V/f :lnd Vx arC' proportional to their
sensitivities, .If If and.\1 x' Tlwn

.111/ Vir
Jl x l'x

Then Mx in db =

10 [lOg 1:
0

+ log TTx - log VII

+ log 11'x - log I"sJ (4)

Figure 3. Switching ond computer mechoni5m
in elementary form.

where:

STEP 2 - The reversibl(' mierophollC' is driven
by a ('ur]"('nt, In, producing ;1. volume velocity
of sound, U = I R.lI R, in the cavity, whose
acoustiC' impedance is Z..... This, in turn, produC'(>s
a sound pressure, P-z = U:ZA at the unknown
mitrophOlw, which generates a voltage, l/lx =
P~.ll x.

Then.

Thi" comput.ation is carried out on a simple
;lnalog computer consistin~of a function switC'h
and an attenuator that include:; a logarithmic
potentiometer, !"hown in Figure 3. The fin:t
term i<: taken care of by an initial setting of the
:.lIl!<wer dial in terms of barometric pres;;;ure.
\'olbg~ are me-J.Sured by a ~ubstitutioll meth
od, and voltage ratioo appear 8,<: differences in
the attenuator settin~ nece::sary to produce u.
constant detector reading. The function switch,
in addition to controlling generator, detector,
and transducer eonnection~, actuates the brake
to hold the answer dial i'tationary while the
attenuator is set to eorrcspond to the amplitude
of the Ilumerator voltage" in (3), then re-en
g;al!;es the dial for the Rctting of the denominator'
voltages. Thus, attenuata]" setting differences
ill db are transferred to the answcr dial during
steps in the computation. The final result, i.e.,
the ;;;ensitivity of microphone X, is rend from
the computer dial in db re IV/J.Lbar.

(3)

(2)V'x
J/H.ll x = -,~

H "

Jl x

"'f is the n\tio of specific heat of air at
C'onstant pressure to that at constant volume

Po = atmospheric pressure
Vc = eavit.'· volume

The two w-tC'rms ('alwel, [md

_ I~.~. F'x
~\'YP()C's VII Fs

_ Ik(J...) , Vx, V'x
- \' P" V(I Vs

Combining (I) and (2),

1 \'\' V'\"
\12\"=-·-' ,-'
'. Z.JI V/I II{

The impedance, ZA, is ('al<:lllat.ed, and all the

I ' , I V x fot lcr quantJhes are mCfisurc(. -]! comes rom

"
step J; IRis measured in terms of the voltage
a('ross a polystyrenp ('apiwitor in the current
path, I It = Y.wC'.; V'x is measured directly.

Z" = "'fPo

wVc

3
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(3) A standard capacitor is used to
measure the dri\Oing current. of the re
ciprocal transducer.'

(~) The necessary calculations are
performed by a simple dial-type analog
computer coupled to the s"itch (sec
hgure 3). The ,·oltages tbat result from
the acoustical transfers are duplicated
with an elecnical netlmrk that includes
a logarithmic potentiometer. The angu
lar po,itions of the potentiometer shaft
are proportional to the logarithms of tbe
Yoltages to be measured, and these shaft
positions are transferred to the answer
dial in such a way that the necessary
multiolications and di\'isions are accom
plished in a manner analogous to the
use of a slide rule.

(5) The closed coupler reciprocity
technique normally yields the pressure
response of a microphone, but the Amer
ican Standards .\ssociation Specification
for General Purpose Sound-Level :\Ieters
S1.4-J961 requires a microphone which
has a Hat random-incidence (diffuse
field) response. In this calibrator, the
deviation of the coupler from a simple
acoustiral clement with increasing fre
quency is empirically malched to the
correction between the random-inci
den<:e response and ihe pressure response.
The calibration is then effecti\'cly in
tcrms of it diffuse-sound field, \\,hich is
the en\'ironmcnt to which a sound-IC\'cl
meter mierophonc is most commonly
exposed. I:igure ~ shows the degree to

1,\. K. ;'\ielsoll. "1\ Simplified Technique ror the Pressure
Calibration of Condenser :'.licrophOllCl! by the Reciprocity
).Iethod," .1COU81icu, \'01 Z fJ. 1I2-lIS (1952).

which the random-incidence correction
matches the deviation of the coupler
impedance with frequency.

Procedure

To calibrate a microphone onc inserts
the microphone into the ca\"ity, clamps
it in pIarc, and connccts it to the instru
mcnt. Then onc sets a reference to the
barometric preSSllre and proceeds to
make four dial settings. At the comple
tion of the fourth setting, the random
incidence (diffuse-field) microphone sen
sitivity in db 1'e IV/Jlbar is read directly
from a dial on the instrument panel to
an accuracy which \"aries from 0.2 db at
low frequencies to 0.7 db at 7 ke.

The Calibration, Absolute and Traceable

The Tn" 1599-A :\Iicrophone Rec
iprocity Calibrator is a primary and
accurate calibrator of General Radio
Company's PZT microphones below 1 kc,
while above I kc (where the dimensions
of the cavity become comparable with
the wavelengths of the sound) it is direct
rcading in the random-incidence (diffuse
field) response of the microphones. The
calibration of a Tn',,; 1560-P3 PZT
.:\1icrophone b,v usc of this insll'llmpnt,
depends on the measurement of length
(volume of the cavity) and electrical
impedance (ca.pacitance and resistance),
and is thus "trae-cable" to KBS calibra
tions of those units. An independent
cross-check is also possible by com
parison with an XES calibrated 6-1-0-.\.\
minophone, as shown latcr.

Figure 4, Average deviation between calibration by the Type lSS9-A Microphone Reciprocity Calibrator and
calibration at random incidence.
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A Standard Source

The Tu," 1559-A Microphone Rec
iprocity Calibrator can also be used as
a precision acoustic source for setting
the rcrerence leyel of a sound measure
ment system, "'hen the instrument is to
be used as a precision source, the sen
sitivity of a microphone must first be
determined by the procedure outlined
above, This sensitivity is used as a refer
ence to set the driving current for the
reversible transducer. For a given input
voltage a known sound-pressure level
will then be produced in the cavity. A
sound-measurement system connected
to the output of the microphone can then
be set to indicate this knO\\"ll le,·e1.

Comparison with Standard Microphone

This technique for producing a known
sound level in the cavity can also be used
to compare the sensitivity of a General
Rndio TVPE J560-P3 PZT Microphone
to that of a Western Electric 640-AA
Laboratory Standard :'Ilicrophone or to
calibrate a sound-measuring system that
uses such a microphone, After the TYPE
J559-A Microphone Reciprocity Cali
brator is set to produce a known sound
field as above, the Tvp," 1560-P3 PZT
l\ Iicrophone is replaced by the 640-AA
microphone with the adaptor sleeve fur
nished with the calibrator. The sound
level in the cavity is then measured by
the 640-AA microphone and its asso
ciated measurement system, and the
system calibration can be set according
to the known le\"e1. Or, if the sensiti\"ity
of the MQ.-AA is known and the elec
trical response of the associated system
is known, onc can then compare the
sound level measured with the 640-AA
and that produced in the cavity. When
this is done, the primary calibration of
a Tvp," 156Q.-P3 PZT licrophone made
with a TvPE 1559-A l\licrophone Rec
iprocity Calibrator has been eompamd
to the ~ational Bureau of Standards

APRIL-MAY, ,.63 ~

calibration of a 640-AA microphone,
and the agreement is better than 0.2 db
for frequencies below 1 kc.

Generator and Detector

The accessories required are a genera
tor and a detector. The Tvp," 1311-A
Audio Oscillator, which supplies 10 fixed
frequencies bet,,·een 50 and 5000 cps. is
recommended. For continuously adjust
able frequencies, either the Typ," 121O-C
Unit R-C Oscillator or the Tn>; 1304-B
Beat-Frequency Audio Generator can be
used. For recording applications or for
fixed installat ions, the latter is prefer
able. The detector can be either the
TVPE 1551-C Sound-I..cyel :'IIeter or the
Tvp>; 1558-A Oeta'·e-Band Koise Ana
lyzer, usually the instrument whose
microphone is to be calibrated.

Applications

Vee of the TVPE 1559-A Microphone
Reciprocity Calibrator effectiYely elim
inates instrument error from sound
leycl measurements; the observer can
then concentratc his attention on the
acoustical factors, such as environment
and microphone placement. Hitherto,
one could readily calibrate the electrical
part of a sound-measuring system, but
the calibration of the microphone Ims
rest l'icted to a check on the microphone's
sensitivity at a single frequency, A com
plete calibration of the microphone could
be made only at a qualified laboratory.

The need for prO\'cd accuracy, includ
ing calibration of the microphone. in the
field of sound-leyel measurf'ments, is
illustrated by a noise specification such
as MIL-E-22842 (Ships), which is refer
enced to l\IJL-STD-HO (Ships). The
latter specifieation requires that the
microphone used in the sound-measuring
system be calibrated eyery six months,
"'ith both the supplier and the purchaser
performing noise mcasurements accord
ing to the specifkat ions, accuracy of

5
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calibration will be an important factor
in the rapid and economical eliminalion
of any discrepancies between the respec
tive measurements.

The manufacture and purchase of
equipment to a particular noise specifi
cation is not restricted to military appli
cations. Some examples are: (1) The air
moving industry which has specifications
on the noise levels that may be generated
by fans, blowers, etc.; (2) communi lies
with ordinances restricting the maxi
mum noise level produced by trucks and
other vehicles; and (3) airports that
have limits on the noise level produced

by aircraft using their facilities. Indus
trial hygienists require proof of the cali
bration accuracy of their sound-level
measuring equipment. In general, re
quirements for sound-measuring equip
ment are becoming more stringent be
cause users demand correlation of
measurements taken at different loca
tions and consistency of measurements
taken at different times.

Simple to operate, direct reading,
and accurate, this calibrator provides a
reliable and consistent means of stand
ardizing sound measurements.

- BASIL A. BONK

SPECIFICATIONS

MICROPHONE CALIBRATOR

Microphones: This instrument will calibrate
the TYPE 1560-P3 and -P4 PZT Microphones,
cun'cnUy used on the TYPE 1551-C Sound-Level
Meter and the TYPE 1558-A Octave-Band
)Joise Analyzer, respectively; also the TYPE
1560-Pl (Rochelle Salt) Microphone, used on
the older TYPt~ 1551-13 Sound-Level Meter.
Range: Direct reading for microphone sensitivi
tiesbetwcen -55dband -65dbre I volthtbar.
Frequency Range: 20 to 8000 cps.
Accuracy: ±O.2 db ± (0.1 db X frequency in
kc) up to 2.5 kc, ±0.7 db above 2.5 kc to 7 kc,
when reference is set to actual barometric
pressure.

PRECISION ACOUSTICAL SOURCE

Frequency Range: 20 to 8000 cps.
Output: 92 db re 0.0002 ~bar for excitation of
50 volts.
Accuracy: At 92 db, ±0.1 db + error in deter
mining microphone sensitivity.

SOUND·LEVEL CALIBRATOR

Frequency Range: 20 to 2000 cps.
Output: 92 db re 0.0002 p.bar for excitation of
50 volts.
Accuracy: ±0.7 db at standard atmospheric
pressure.

GENERAL

Maximum Safe Input Voltage: 50 volts behind
600 ohms.
Accessories Required: Generator and detector.
Generator to supply 5 volts or more into a
2000-pf load, and 2.5 volts or more into a
600-ohm load. Lower voltage can be used, with
a resultant lowering of signal-to-ambient-noise
ratio. The TYPE 1304-B Beat-Frequency Audio
Generator, the TYPE 1210-C Unit R-C Oscil
lator, and the TYPE 1311-A Audio Oscillator
are recommended. The TYPE 1551-B or -C
Sound-Level Meter or the TYPE 1558-AP Oc
tave-Band Koise Analyzer is recommended for
the detector.
Accessories Supplied: Cables for connection to
g:enera.tor and detector; adaptor sleeve for
640-AA microphone.

Cobinet: Flip-Tilt; relay-rack model also is
available.
Dimensions: Portable model, case closed
width 10, height 8, depth 7}.1 inches (255 by
205 by HlO mm), over-all; rack model- panel
19 by 10}.1 inches (485 by 270 mm), depth
behind panel 5 inches (l30 mm).

Net Weight: Portable mode!, 13 pounds (6 kg);
rack model, 14 pounds (6.5 kg).

Shipping Weight: Portable model, 22 pounds
(10 kg); rack model, 29 pounds (13.5 kg).

T!lpe

1559.A Microphone Recipracity Calibrator, Portable Model
1559-9820 Microphone Reciprocity ColibrCltor, Rack Model ...

Patent Applied For.

Code Number

1559-9701
1559-9820

Price

$475.00
475.00

6

Note: The relay-rack model of this in<:tl"ument
makes use of an adaptor panel of the type de-
scribed (for the TYPE 1650-A Impedance

Bridge) on page 7 of the November, 1062, issue
of the Experimenter. This method of rack
mounting is used for all GR Flip-Tilt cases.
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TYPE 1120-AB FREQUENCY STANDARD

Emergency power equipment, which
assures continuity of service despite in
terruption of normal power service, is
now incorporated in a new assembly of
standard-frequency equipment, the
TyPIC 1120-AB Frequency Standard.
The individual standard-frequency in
struments, which have been described
previouslY,l are:

TYPE I113-A STANDARD-FREQUENCY

OSCILLATOR

TYPE 1114-A FREQUENCY DIVIDER

TYPE 1103-B SYNCROKOMETEU@

TIME COi\IPARATOR

The additional units, which provideemcr
goney power, arc:

TYPE 1116-B E!'.IERGENCY POWER

SUPPLY

TYPE 1268-A AUTOMA'l'IC BATTERY

CHARGI!.:H

TYPE 1268-Pl BATTERY DRAWER

TYPE 1268-9602 BATTERY
The entire assembly is housed in a
floor-type cabinet rack, as shown in
Figure 1.

Standard-Frequency Oscillator

The performance of the TypE 1113-A
Standard-Frequency Oscillator has am
ply justified the original evaluations' of
its over-all stability. The one-year drift
record of a typical unit is shown in
Figure 2. :\Tote that the drift rate at the
end of a year has diminished to less than
one part in 109 per month, or better
than 3 parts in lO" per day.

~~~. \V. frank, F. D. Lewis, and II. P. StratClllcycr,
fhc Ncw on Frcqucncv Rtandard," General Radio

Experimenter, 35, 4, April 1961.

Figure 1. View of the Type 1120-AB Frequency
Standard.

Of particular interest is the spectrum
plot of Figure 3, which indicates a high
degree of short-term stability, that is,

7
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Figure 2. Typicol long~term frequency drift of Type 1113-A Stondord-Frequency Oscillotor.

a very low level of fm noise. "'ate that
this spectrum is that of the oscillator
frequency multiplied up to 23,900 :\lc,
and so it includes not only oscillator in
stabilities, but also any noise that might
be contributed by the multipliers.

Frequency Divider

The TYI'," t LL4-A Frequency Divider'
divides the 5-mcgacycle crystal fre
quency to produce sine-wave output
frequencies at 1 Me, 100 kc, 10 kc. 1 kc,
and tOO CPSl as well as square waves at
100 kc and 10 kc. The divider rircuits
are designed for low jitter (about 0.5 nsec
over-all from 5 :\lc to 100 cps) and are
all "fail-safe," that is, they have no out
put in the absence of an input signal.

Time Comparator

The Tn," 1103-B Syncronometer®
time comparator l provides a calibration
against standard time by comparison
with radio time signals. Such compari
sons can be made to about 0.1 mill i-
I l.«. ("il.

1----'------11--------1"·

Figure 3. Spectrum of the Type 1113-A Standard
Frequency Oscillator as measured at 23,900 Mc by

the National Bureau of Standards.

second. Radio propagation time varies
up to ±O.l millisecond, making over-all
accuracy of comparison approximately
± 0.2 millisecond. A frequency calibra
tion accuracy of ± 1 X 10-9 is possible
over a 48-hour interval. This unit pro
vides an additional fail-safe feature since
e\'cn momentary failure of the driving
frequency will stop the clock, which
will not restart of itself when the drive
reappears.

SPECIFICATIONS
Output Frequencies: 5 Mc, 1 }ole. 100 kc, 10 kc,
1 kc, 100 cps; additional plull;-in units for the
TYPE 1114-A Frequency Divider are available
to produce output at 400 cps and ()O cps.
Power Requirements: 105 to 125 (or 210 to 250)

volts, 50 to 60 cps, 370 watts.
Dimensions: Width 22, height 7671, depth 18.Y2
inches (560 by 1950 by 470 mm).
Net Weight: 475 pounds (220 kg).
Shipping Weight: 645 pounds (300 kg).

l'ype Code Number Price

1120-AB Frequency Standord . 112().9430 $5200.00

8

Note: Other frequency-standard combinations
available include the TYPE 1120-A, which has
the same output frequencies as the -All model,
but without emer~ency po\\'er equipment, and
the TYPE 1120-AI-1, which furnishes, in addition,

frequencies of 10, 100, and 1000 ~Jc (also with
out emergency power equipment). All com
ponent units are available separately and spe
cial assemblies can be devised to meet individ
ual requirements.
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EMERGENCY POWER SUPPLY

The TYPE IllG-B Emergency Power
Supply is a combination inverter and
switching device, designed for use with
a 28- tiD 32-volt storage battory. Upon
failure of the pmver line, Lhe vibrator
type inverter is automatically connected
to the battery supply, the power-input
terminals of the frequency standard are
transfcncd La the inverter output, and
a front-panel lamp glows to indicate
emergency operation. This changeover
occurs ,,-hen the line voltage falls below
105 (or 210) volts; the relurn to line
operation takes place at a level between
lOS and 113 (or 210 and 220) volts.

The switching is accomplished so
rapidly that no interruption occurs in
the operation of the frequency standard.
The transfer takes place in less than two
cycles of the power-line frequency"

On resumpt-ion of the power-line serv
ice, the standard IS automat-,jcally
switched back to the Jjne, and the in
vprter is disconnected from the baUery.

S\\"itching is accomplished by fast
acting relays and solid-stat.e diodes.

Automatic Battery Charger

The Tn'E 12G8-A Auiomatie BattNy
Charger is dcsiglwd to maintain at opti
mum charge condition a 2-t--cell nickel
cadmium battery La provide 0ffiC'l'gcney
po\\er for t.he TYPE 11l0-B Emergency
PO\\'er Supply.

As soon as line \"oltage is rcstoI'0d
after po\\"er failure, a cOllstant current
charge of ahout -l- amper0S is applied La

Figure 4. View of the emergency power supply equip••
ment. From lop, Type 1116-B Emergency Power
Supply, Type 1268-A Automatic Bottery Chorger,

Type 1268·Pl Battery Drawer.

t.he batt.ery. After 0 hours of this charge,
a timer changes the operating mode to
constant volt.age. This float voltage
maintains the battery at optimum
charge rcgardless of the trickle-charge
current required. Under these condition~

the voltage across the battery is about
3~ volls. ~[eters arc provided for battery
voltage and current.

Battery Drawer

This unit is a I'elay-raek-mountcd
drawer capable of housing. t.he 24-eell
battery. Ball-bearing slides and quiek
release fasteners provide easy access
for battery maintenance. Stainless steel
is used for the battery holder to insure'
chemical resistance against the alkalil\(,
elcetrolyteof the nickel-cadmium hatter~".

9
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Battery

This 24-cel1 nickel-cadmium battery
is shipped directly from the mlLnufac-

turer 1s plant. Its eapaeity is sufficicnt to
operate the frequency standard for at
lcast 3!/z hours.

SPECIFICATIONS

TYPE 1116-8 EMERGENCY POWER SUPPLY

Input: 115/230 v, 50--60 cps from power line.
2S-32 v, 4.3-3.2 amp from battery (when
operating TYPE U20-AB Frcquency Stand:1rd).
Output: 115 v, nominal, 60 cps, 180 watts con
tinuous maximum rating.
Operational Range: Battery cuts in when line
voltap;e falls belo\y 105 v and cuts out whcn
restored line voltage reaches a threshold value
between lOS and 113 v.
Accessories Supplied: TYPE CAP-22 Power Cord
(2); spare po\yer line fuses (2).
Accessories Required: 2S-, 30-, or 32-v battery
and cable'>.
Accessories Available: 'TYPE 126S-A Automatic
Battery Charger; TYPE 126S-PI ]3attcry
Drawer; TYPI~ 1268-9602 Batte!'y.
Cabinet: Relay-raek.
Dimensions: 19 by 10yz inches (485 by 270 mm),
depth behind panel 13 inches (330 mm).
Net Weight: 583-'2 pounds (26.6 kg).

TYPE 1268·A AUTOMATIC BATTERY CHARGER

Constant·Current Charge: 6 hours at 4 amperes,
nominal.
Trickle Chorge: 33.8 volts ± 2% is maintained at
the battery.
Power Required: 105 to 130 (or 2JO to 260) volts,
GO cps, 240 \\-atts maximum.

Ambient Temperature Range: 0 to 50 C.
Cabinet: Hack-bcnch.
Dimensions: Bench modcl - width 19, hcight
5.!i, depth 11 % inches (485 by 135 by 300 mm),
over-all; mek model- panel 19 by 5M inches
(485 by 135 mm), depth behind panel 11 inches
(280 mm).
Net Weight: 29y-z pounds (l3.5 kg).
Shipping Weight: 50 pounds (23 kg).

TYPE 1268·P1 BATTERY DRAWER

Cabinet: Belay-rack.
Dimensions: Panel 19 by 12}..;i inches (485 by
314 mm), depth behind panel 19 inches (485
mm); interior, battery compartment floor, lGU
by 14% inches (415 by 375 mm), hcight 10%
inches (27."i mm).
Nel Weight: Le::;s battery, 25 pounds (11.5 kg).
Shipping Weight: Less battcry, 35 pounds (16
kg).

TYPE 1268-9602 BATTERY

Type: Nickel-cadmium.
Voltage: 28 volt" dc, nominal.
Ampere.Hours: .l;j ampere-hoUl's. At 4.3 to 3.2
ampcrcs rcquircd by Tyl'~~ 1116-B I~;mergency

Powcr Supply, battcries will run at least
3Y2 hour:,;.
Net Weight: DO pounds (41 kg), approximately.
Batter)' shipped direct from supplier.

Type Code Number Price

1116·B
1268·AM
1268·AR
1268·P1
1268·9602

Emergency Power Supply.
Automatic Battery Charger, Bench Model.
Automatic Battery Charger, Rack Model.
Battery Drawer, less bottery.
Battery .

COMING EXHIBITS

1116-9702
1268·9801
1268-9811
1268-9601
1268-9602

$450.00
450.00
450.00
195.00
250.00

General Radio instruments will be on display at these meetings and exhihits
during the month of "\Iray. OUI' enginccrs will be on hand to wclcomc you and to
answer youI' qucst.ions.
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NIay 6-]0

May G-lO

May J5-18

May 20-23

Sponsor or rifle

Kational Industrial Production
Show of Canada

American Industrial Hygiene
Confcrcnce

Acoustical Society of Amcrica

Design l£ngineering Show

Locotion

Exhihition Park, Toronto

Sheraton-Gibson HoLel, Cincinnati

Hotel );ew Yorker) Kcw York

Coliseum, .xcw York
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MORE WAITS PER DOlLAR WITH

THE NEW we VARIAC'" AUTOTRANSFORMER

VA HI AC® au lotransfarmel'S, TYPES \VS
and ",V8L, ol'fol' inel'eascd rat,ings and in
creased volt-amperes PCI' dollar, yet
occupy the same panel space as the
popular TYPE \VS. They differ dimen
sionally from the TYPE \V5 in but one
re~pect, an incl'ease in hack-or-pand
deplh of one-half inch. They embody all
the features common to the General
nadia "\V" line of VAIUAC autotrans
[armel's, and arc ClIITCntl,\' available as
basic models only, \yithoul rases.

'Ve feel that these two now units will
~crvc a lIseful purpose by meeting a
drmand fol' morc pOWOI' in a limited
space. 'fhcir increase in \'olt-amperes
per-dollar is a built-in bonus.

SPECIFICATIONS

Type WI W8L* Type WI W8l*

Inpul Volls 120 120 Max Amperes 11 13

0-120 0-120
Rated KVA 1.32 1.56

Output Volts 0-140 Code Number 3038-5110 3058-5110
Line Frequency 50-60 cps 60 cp" Price $21.00 $21.00

Roled Amperes 8.5 10 Volt-Amperes/$ 62.9 74.3

• .'late that the Type \VgL cannot be Ol>cmted at line fre<luencies lower than 60 cps, and that it cannot be 11$('(1
to obtain overvohage.

AC THEORY AND THE HUMAN CHEST

The Gil TYl'E 1305-A Low-crequeney
Oscillator was featured in an unusual
demonstration last. September at the
XXII Inlernational Congress of Phys
iologieal Scienees at Leiden. In the ex
hibit

1
entitled HInterprctHlion of the

Hcspiratory Pressure-Volume Lissajous
Figures," the oscillator was used to pro
duce, on a dual-beam oscilloscope1

Lissajous loops analogous to pressurc
\·olume and pressure-volume flow in the
human chest. 'rhe input data were taken

from actual experiments pcrformed on
animals and human bf'ingS 1 part of a
long-term program conducted by Dl's.
Wayland K I-lull and E. Croft Long at
Duke Uni\·crsity :\Iedical Center.

The electrical analog of the human
chest is an interesting example of the usc
of analogous systems to explain natural
phenomena. The human chest and lungs
are here yisualized as a series circuit,
containing capacitance (compliance of
lung tissues and rib cage), inductance

11



Static Mid-Position

Figure 1. Pressure-volume
lissajous p:lllerns 01 fre·
quencies inditeded. System
is asymmetrical 01 lower
frequencies and resonant,
in Ihis pClrliculor case, 01
oboutl0 cycles/sec as seen
from vertical loa? indicat
ing 90 degrees of phose
shift. Dolo from onesthe
lind dog.

(by permission of the
Journal of

A N)/ied Physiology)
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(the ll"L:'lssi\"c or incl'tant character of the
ti sues), and resistance (opposition to
ail' Aow). The breathing rate is fre
quency, the normal frequency being
about 20 cycles per minute. By the
lise of an iron-lung-type respirator,
breathing rates up to 20 cps cun be pro
duced in anesthetized animals. 'Thus, if
pressure is held constant at all frequen
cic~, a frequency-impedance relation can
be determined. Similarly, the volume of
air moved by the system ran be studied
as a function of frequcney. 1'he alternat
ing pressure suppliC'd ill the test is made
to approximate a sine wave. so that
much of elemC'ntar~r ac theory can be
applied in this biological system.

The resonant frC'fjuC'Il('Y of both animal
and human chests is of thc order of J
cps, and many animal~. including dogs.
pant at that frequency. To the ph~rsiolo

gist, this implies that the maximum air
fiow is ayailable to cool the mouth,
tongue, and air pas~ages for the mini
mum expenditure of en('rg~'.

The relation of \'oluIne and prcssurc
in connection with distcntion of lung
and thorax is of especial interest to
physicians. Se\'cl'al chest diseases are
seen to in\'olve changes in chest 'lcapaci
tance" or Hl'csistancc." Beyond the
considerations of chest and lung reseurc·h
lic the exciting possibilities of explaining
other hiological phenomena by cicc
i ri('al analog.

Qur thanks to Dr. E. C. Long and
Dr. W. E. Hull of Duke for permission 10
publish Ihis brief absl rae I. Those inter
ested in a morc complete discussion arC'
rrferred Lo American Joumal oj Applied
Physiology, 16:~39-1~3, 196Land 17:609
612, 1962.

Drs. Hull and Long have becn acti\"cly
interested in the usc of analogous sys
tems to explain biological phenomena
and hope that this approach may stimu
late electrical cnginrcring graduates to
rC'('ognize that biologic-al science offers
them the opportullit~r for work at n.
truly professional \e\·cl.
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ZERO TO 300 kc

WITH FIVE-DIGIT ACCURACY

The new TYPE 1151-A Digital Time
and Frequency "Ietel' is a more sophisti
cated brother of the TypE 1150-A
Digital Frequency ~Jcter previollsly
announced. 1 It docs not replace the
TYPE 1150-A, hut it docs extend the
range of precision frequency measure
ment lo low frequencies, where a simple
counting frequency metel' is inefficient.
Low frequencies are determined rapidly
and accurately by measurement of their
periods or dccimal multiples of the
period. "leasurcment of higher fre
quencies is accomplished in the usual
fashion, by the counting of zero-crossings
per unit time, but an altogether new
and highly efficient program is used.
Provision is also made for frequcncy
ratio and multiple-interval measure
ments in addition to the usual totalizing
or accumulative counting functions.

The input circuit includes the con
trols necessary for measurement of
pulsed and low-frequency signals 
trigger level, slope polarity, and ae or
de coupling.

The new counter is available in two
versions, the standard model, TYPE

'R. W. Frank and J. 1\. Skilling, "A Fi~·e·Digit Solid
SUlle Counter for Frequcncy :\Ieasurcmcnts to 220 kc,"
General Radio E:r1Hf"imenter, 36, 4, April, 1962.

1151-A, and the TYPE lJ5J-AP' which
can be used to drive auxiliary equip
ment - like the TYPE 1137-A Data
Printer described elsewhere in this
issue. t

The other clements of the TYPE 1151-A
counter arc similar to the TYPE 1150-:\
introduced a year ago. Counting dccades,
quartz-rcfcrence oscillator, power sup
plies, and package are substantially the
same.

THE COUNTER PROGRAM

The program of the TYPE 1151-A is
as efficient as a program can be made
for a counter \\--ithout storage. It is
morc complex than the elementary pro
gram of the TYPE 1150-A Digital Fre
quency Meter, less so than the highly
efficient program of the TYPE 1130-A
Digital Time and Frequency Meter with
its storage system. 2

Since the two useful intervals are
those for eounling and display, it is
obviously desirable to minimize the
zero interval that occurs between the
-The TYPE 1150-AP Digitall'requcncy )'Ictcr is also now
available.
tSce page 9.
1n. \V. Frank and II. T. :-':cAleer,"A Frequency Counler
.... ith a !\Iemory and ....ith Buill-In Heliabilil.)'," GUleral
Radio Exper-imtnlu35, 5, ),Illy. 1961.

Figure 1. View of the Type 11Sl·A DigitClI Time Clnd Frequency Meier_
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end of the display interval and the start
of the next counting interval. This has
been done in the new counter, ,,,hose
frequency-measurement program is
shown in block form in Figure 2.

The time-base of the TYPE 1151-A
counter is, like the ring counting decades
previously described, I an innovation.
This counter uses two identical binary
scale-{)f-lOOO dividers to control the

counting gate duration and to produce
variable display time. Since these di,·id
ers arc aperiodic devices they can be
used to produce multiple-period gating
in decimal steps. These binary scaling
devices cost less than many solid-state
monostable diyiders and are more re
liable. They also make possible a more
efficient program.
lLoe. cd.

Figure 2. Elementory block
diogrom of the counter when
used for frequency measure·
ments. The progrom scoler
determines the crystol-con
trolled counting time ond the

display time.

, 100"-' "CLOCK"

0'2'."7"0'2 '.S'7"~I'"~~~.OII It t! , " , 11 , , , , , I , ! , , I ! , II I , , , , , I , , I ,

--l COUNT UNKNQWN"*====OISI>L..V !olcOWTf.N(I,Qt+NL
, I

1 SET 0 I I
I :

I Y PROGRAM SCALER ZERO f
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In a first scale-of-lOOO divider, the 100-kc
signal from the oscillator is reduccd to 100
cps to supply clock pulses to operate the pro
gram. Assume that the counting register has
just been cleared and the program scaler set
to zero by a reset pulse. The next 100-cycle
clock pulse will cause the main gate to open
and the program scaler to advance 1 count. The
program scaler is coded to count 10, 100, or
1000 clock pulses by the I'ER100S/COUSTING

TIME switch. When the appropriate number of
clock pulses have be<-n counted, the signal from
the scaler closes the main gate. But the scaler's
job is not finished. Upon main-gate closure,
the &Caler is reset and again begins to accumu
late clock pulses. If, for exnmple, a display
intcrval of around 0.3 second is desired, the
DISPLAY TIME switch set to its second position
will terminate the display intervnl after 32(25)
clock pulses have been accumulated. The pro
gram scaler operates in a pure binary fashion
to count out 16, 32, 6..f-, 128.256,512, and 102..f
clock pulses corresponding to display time
ranging from 0.16 to 10.24 seconds.·

At the conclusion of the display interval,
the next clock pulse generates the reset pulse,
'This displ:..y intc7val hall the lIame I>reeision as the gatc
interval. This is incidcntal; unfortunately, no one has
yct found Do good usc for it.

and the very next clock pulse, 1/100 sc('ond
later, will open the counting gate to begin a new
measurement. The maximnm "time alit" for
reset is 1/100 second, regardless of the gate
time. Note that this program is what might be
termed fully sync-hronous since all three inter
vals, counting, display, and reset, are continu
ously under control of the loo-cycle clock.

Figure 3 shows the rearrangement of the
basic circuit blocks for period measurement.

Here, the input circuits produce their one
pulse per cycle for the program, and the 100
kc oscillator pulses are passed through the
counting gate to be accumulated in the regis
ter. Periods and their multiples are therefore
measured in a minimum time increment of 10
~sec.

Let us assume, as with our previous example,
that a reset pulse has just been produced. The
next pulse from the input circuits will open the
main gate and start the counting of the input
pulses in the program scaler. If the sealer is not
in the circuit, n single period will open and
close the gate. If the PERIODS/COUXTIXG-TIMF.

switch is set at 10, ten pulses must be counted
before the gate closes, etc. Upon gate closure,
the program scaler is reset to zero, and, as be
fore, the pulses from the lOO·cycle clock become



its input sib'Tla,1. A binary sequence of lOO-cycle
clock pulses is now counted to establish the
displn.:,- interval. The signal from the se~\ler

via the display-time switch initiates the re
set pulse, and we are back where we started
from. The next pulse from the input circuits
will again open the counting gate.

The program for frequency-ratio measure
ment is exactly like t.hat for mult.iple-period
measurement, shown in Figure 3. The 100-kc
oscillator which provided the precision clock

JUNE, 1963

for period measurements issimply replaced with
a second, simple, set of input circuits. Suppose
a signal of 10 cps is impressed on the main input
terminals (with the :\IEASURE:\IEXT switch set to
J>f;RIOO). The counting register will display its
period as 10,000 (tens of ~sec). If the :\IE."-SURE

:\IEXT switch is now placed in RATIO position
and a lOO-kc signal is admitted, the register will
still read 10,000, now the ratio of frequency B to
frequency A. ]f the periods multiplier is set at
10, the reading is 10 B/A, etc.

~RING COUNTING
UNIT REGISTER

Figure 3. Elementary block
ond timing diagram of the
counter when used for period
measurement. The progrom
scaler determines the number
of periads meosured and the

display time.
:i DISPLAY 10,r SET: 0

I PROGRAM r SCALER ZERO

INPUT CIRCUITS

The ideal digital fre~uency meter
would bc an automatic measuring instru
ment, to which onc could connect a sig
nal of any kind (no matter how ,,·eak.
dislorled, or noisy) and always get
the correct answer. Furthermore, this
perfect device should not burden the
signal sow-ce with a load, either con
ductive, reactive, or radiational. "-bile
obyiously never realized, this ideal is,
ne\'crthclcss, the designer's objective.
Input circuits should require an absolute
minimum of adjustments and operator
atLention, should load the circuit under
test as jittle as possible, and should
radiate practically nothing. The input
circuits of the TYPE 1151-A Digital
T'ime and Frequency :\f.eter are, we

believe, the best available - almost
without regard to cost.

To achieve the desired level of per
formance, thc new counter has foul' in
pUl controls and switches (in contrast
to tbe simple TYPE 1150, which had
none). \Vith these, one can choose:

(1) AC or de eonpling
(2) Zcro-erossing slope for triggering
(3) Triggering level over a narrow

range
(4) Higher sensitivity - 0.1 volt at

100-kilohm input resistancc or, con
versely, 1 volt into 1.0 megohm. (In
other words, the input sensitivity is
] microampere.)

While this flexibility is contrary to
the ideal of automation, it does permit

5
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the counter to operate more successfully
in noisy environments. Let us examine
these input circuits to see what they
can do.

Figure 4 is a simplified schematic
of thesc circuits. It is not entirely new,
but is a "transistorization" of an
amplitude comparator designed for
another instrument.s The circuit has
the input characteristics of a Schmitt
circuit, but has better common mode
rejection for such things as variations
in such power-supply voltage, tempera
turc, ctc.

+ 20'1

Figure 4. Elemen·
tary schematic dia
gram of the input
circuit Qmplitude
(ompQrQtor. Sensi
tivity is one micro·

Qmpere.

The pair of symmetrically connected tran
sistors (QI, Q2) forms a bistable switching cir
cuit. A differential amplifier (Q;;), connected
in the base circuits of the flip-flop transistors,
modulates their base current with the input
signal and callS-:lS switching at the signal rate.
This differential-amplifier transistor is crucial
lB. 'v. Frank. "How to Kill Time - Accurlllely,"
General Radio Experimenter, 32, Hl, December, 1958.

to the circuit performance. 1t is a double
silicon, planar, epit.axial unit with 20% gain
(h/~) balance, and less than 10 nnnoamperes
leakage.

The circuit operates in the following manner:
Assume current balance in the differential
amplifier and suppose that QI is on. QI'S low
collector voltage, combined with the current
passing the rigbt side of the differential
transistor, will keep Q2 shutoff and Q~'s collector
voltage high. The higher current in Rs to the
base of Ql will, even in the presence of the equal
current from the left side of tbe differential
amplifier, keep Ql on. 1\OW, suppose that the
collector current of Qsa (the left side of the
differential pair) is decreased, owing to the
presence of an input signal. The collector current
of Ql \vill decrease and eventually would de
crease sufficiently to permit Q2 to go on. But,
when Q2 start-s on, it begins to turn QI olf, and
the circuit switches to the opposite state at a
rate determined only by the gain-bandwidt.h
product of QI and Q2. Remember, Qs helped Q2
to go on in the first place and its other side was,
at the s.-tme time, helping QI to go off. But now
the signal of Q,l itself is keeping Q2 on even when
Q3 is again at balance. Before the circuit can
switch back to its original state, the cllrrent
will have to be reversed in Q3 to help QI to go
on. The amount by which the base current
of Qs must be varied thl'Ough the balance point
to cause switching is the current sensitivity or
"h.vstcrcsis" of the circuit. For the TYPE 1151-A
Digital Time and Frequency Meter, this
quantity is one microampere.

The input resistance at the base of Qs is
low, but only one microampere is required to
switch the circuit. One volt will cause switching
when applied to the megohm resistor (Rs), and
with 100 kilohms a tenth-volt is adequate. In
put polarity IS easily selected by simple mter
chnnge of the signal and reference. At one
megohm input imped/LIlce, this circuit typically
has an input dc drift (the switching point) of
less than 1 mv;oC with temperature, most of
which is hi. unbalance of QI and Q2 with tem
perature. The silicon diodes D 1 and D 2 are used
to prevent saturation of high-beta transistors
at elevated temperatures.

NOISE

6

The drifts in the operating point
of the input switching circuit are a
matter of concern, since they constitute
a form of noise. This noise, which is
due to thermal time constants, is very
low in frequency and will only be signif-

icant when long periods arc being
measured, and then only during violent
temperature changes.

Thermal drift is just one of the
"noisf's" that detract from performance
and which mllst be minimized in the in-
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Figure S. Anolog recording of a continuous period measurement of CI precise signgl. The fluctuations of the
curve indicate the counter's internal noise -less thon 5 millivolts, peClk.fo-peak.

1 Y.
± " Y. X 100

put circuits of a low-frequency counter.
The specification for accuracy of a
period measuring device always reads
"± 1 COllnt ± time base accuracy ±
error due to siN of input signa!." Ofton
the counter manufacturer chooses to
ignore the counter's own input-circuit
noise. H. T. McAleer in a recent article
in this publication' has discussed the
effects of noises of all sorts on the
accuracy of the measurements made by
counters. Horo we will repeat only the
basic equation. When the input signal
is a sine wave and triggering occurs
on zero crossings, the error made in a
period measurement due to input noise
IS:

(error) %
Where:

Y. = peak effective noise voltage
Y. = peak signal voltage

In this counter the equivalent iBput
noise is less than 5 millivolts, peak-to
peak. Tn the best input circuit the ir
reducible input noise would be that in
the input resistor and possibly the input
transistor. In most counters, the noise is

411. T. ~lcAlcer, "Dill;ils Can Lie," General Radio Erperi
menter, 34,12, De<:em!>er, 196:?

not random but is a relatively coherent
signal, consisting of various signals pro
dllCed within the counter. Tn the TYPE
1151-A counter, a lot of attention has
been given to minimizing these noises.

Figure 5 is a recording showing
fluctuations in the measured period of
a low frequency (3 cps) signal. The
period of this signal (a positive saw
tooth) is procise, and its own noise is
very low. The curve was obtained using
a new storage-type digital-to-analog con
vettor soon to be announced.

APPLICATIONS

A digital frequency meter is, as the
name so clearly implies, an automatic
instrument for the accurate measlll'ement
of frequency. It has two advantages
over any other means of frequency
measurement. First, it is accurate 
as accurate, ultimately, as its reference
oscillator (since provision is made for
an external IOO-kc precision source to
control the gate time, accuracy is not
necessarily limited to the accuracy of
the built-in oscillator). Second, since the
measurement is automatic and the
result is displayed by big, bright, in-line
indicators, the measurement can be made

7
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by unskilled people. The TyPE 1151-A
Digital Time and Frequency Meter ex
tends the range of accurate measure
ment to the frequencies where direct
counting of the unknown is too time
consuming.

The ratio channel is useful for direct
reading industrial measurements. A jack
is provided at the real' for connection
to the TYPE 1536-A Photoelectric Pick
off for measurements of rotational speed.
By application of two input signals to
the A and B channels, the counter can
be made direct reading in any dimen-

sional system, as ft/sec, rpm, gallons/
min, etc.

With appropriate transducers and
terminal equipment the counter can
indicate, and with the TYPE 1137 Data
Printer can record, any measurement,
as, for instance,

Units per anything
Force - weight - strain - pressure
Flow-rate
Velocity, linear or rotational
Voltage, current, resistance, via a

voltage-t'J-frequency converter.
-R. W.FRANK

SPECIFICATIONS

Price

Frequency Measurement:
Range~ DC to 300 kc.
Sensitivity - 0.1 volt, peak-to-peak, at 100

kilohms or 1 volt, peak-to-peak, at 1 megohm
(1 microampere), switch-selected.

Counting Interval ~ 10 milliseconds to 10 sec
onds, extendible by multiplier switch.

Accuracy ~ ± 1 count ± crystal-oscillator
stability.
Period Measurement:

Range - DC to 20 kc.
Number of Periods - 1, 10, 100, or 1000.
Sensitivity - 0.1 volt at 100 kilohms or

1 volt, pellk-to-peak, at 1 megohm (1 micro
ampere), switch~selected.

Accuracy - ± 1 count ± time base accu
racy ± noise errors.

Input Noise - 5 millivolts equivalent open
circuit input noise at 1 megohm, less at 100
kilohms.

Counted Frequency - J00 kc.
Ratio Measurement:

Range-B/A, ]0 B/A, 100 BjA, or 1000
BfA.

Frequency Range~ A input, dc to 20 kc;
B input, dc to 300 kc.

B Input - 1 volt peak-to-peak, 100 kilohm<;.
Display: 5-digit, in-line :'\umerik register, in
candescent-lamp operated.
Display Time: 0.16, 0.32, 0.64, 1.28, 2.56, 5.12,
OJ' JO.24 seconds, switch-selected.
Input Impedance: 1 megohm shunted by 50 pf
or 100 kilohms shunted by 500 pf, switch
selected.

l'ype

Input Trigger level: ±1 volt at O.l-volt sensi
tivity; ±JO volts at l-volt sensitivity.
Input Trigger Slope: AC or de coupled, positive
or negative-going:.
Crystal-Oscillator Siability:

Short-Term - Better than ~ part per million.
Cycling - Less than counter resolution.
Temperature Effects - Less than 27'2 parts per

million for rise of 0 to 50 C ambient.
Warmup - 'Vi thin 1 part per million after

15 minutes.
Aging - Less than 1 part per million per

week after four weeks, decreasing thereafter.
Crystal Frequency Accuracy: The frequency is
within 10 parts per million when shipped.
Frequency adjustment is provided.
Power Requirements: 105 to 125 (or 210 to 250)
volts, SO to 60 cps, 50 watts.
Accessories Supplied: Typm CAP-22 Power
Cord, eight replacement incandescent lamps,
spare fuses.
Accessories Available: TYPE 1136-A Digital-to
Analog Converter and '!'ypg 1l37-A Data
Printer operate from output of TYPE 1151-AP
model.
Cabinet: Rack-bench.
Dimensions: Bench model - width 19, height
3J/g, depth 1271 inches (485 by 99 by 320 mm),
over-all; rack model- panel 19 by 3.Y2 inches
(485 by 90 mm), depth behind panel 12%
inches (328 mm).
Net Weight: 19 pounds (9 kg).
Shipping Weight: 22 pounds (10 kg).

Code Number

8

1151-AM
1151.AR
1151.APM

1151·APR

Digital Time and Frequency Meter, Bench Model ..
Digital Time and Frequency Meter, Rack Model ...
Digital Time and Frequency Meter (with output for
printer or O/A converter), Bench Model ...
Digital Time and Frequency Meter (with output for
printer or O/A converted. Rack Model. .

1151·9801
1151-9811

1151-9871

1151-9981

$1195.00
1195.00

1250.00

1250.00



Decimal-coded information can be
reduced to a permanent, printed record
through the use of a digital printer.
For usc with General Radio digital time
and frequency meters, there is now
available the TYPE 11 37-A Data Printer,
a precise, compact, and economical
device, which is manufactured for the
General Radio Company by Beckman
Instruments, of Richmond, California.
By fast parallel entry of 4-line BCD or
IO-line code inputs, it can print at a rate
of 3 lines per second with up to 12 digits
per line.

The printer is equipped with plug
in solid-state code modules (see Figure
1) to control each digit column; a 4
line module which accepts 1-2-2-1,
1-2-4-8, or 1-2-1-2 coding: or a IO-line
module which accepts either lO-line or
4-line data. Each printer contains the
required quantity and type of code
modules to operate with the intended
digital instrument. Since the capacity
of the printer is 12 columns, however,
additional plug-in modules of either

JUNE, ' •• 3 ~
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type arc available for printing other
data in the unused columns.

The digital information can be re
corded in predetermined digit-columns
and groups. The input cable provides
a separate plug for each code module,
so that input data can be programmed
to specific digit-columns. In addition,
the digital information can be separated
into groups by application of a column
suppression signal to the code module

Figure 1. Multipurpose plug-in code modules with
individual input connectors allow complete fTeedom

for composing a desired printing format.

9
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Figure 2. Compoct, time-proven Burroughs printing
mechonism is designed for continuous-duty opero

tion with a minimum of maintenance.

of the digit-column in which a space is
desired. Unplugging the appropriate
code module will also accomplish this.

A two-color ribbon can be auto
matically or manually controlled to print
black or red on standard 2~-inch roll
tape. This is a convenient means for
indicating off-limit readings or readouts
from different input sources.

The TYPE 1137-A Data Printer has a
number of outstanding design features,
which ensure optimum performance with
a minimum of maintenance. Through the
use of solid-state circuits and the ab
sence of power-consuming keyboard
actuators, over-all power requirements
have been minimized. The extended
front panel affords an unobstructed view
of each line immediately after printing,
and a useful Hat surface for writing
on the paper tape.

The solid-state code modules have
convenient handles for quick removal
from the top real' of the printer. To
facilitate trouble-shooting 01' mainte
nance, the control circuit chassis is
mounted vertically as an integral part
of one of the side gussets.

The printing mechanism is a reliable
BUITOUghs I' lO-key" tabulator, shown in
Figure 2, which is designed for fast
parallel-entry operation. Listing keys
and intermediate keyboard have been re
placed by small pawl-magnet devices,
each of which controls an individual
O-to-9 type bar. This eliminates the
need for complex mechanical linkages
usually incorporated in digital printers.
'Ihe stop-pawls and armatures (see Fig-

10

Figure 3. During the printing cycle
the type bars move from "0"
through "9", and the position
transducer and code generator pro
duce binary-coded volloges. When
these voltages coincide with the
input signals, the input modules
transmit pulses to drop the stop
pawls ond hold the type bars until

the cycle is completed.
=<0 CQ,",~.,,,,,,,, .u......."'"



ure 3) are reset mechanically i thus the
associated electromagnets require only
a minimum of power to hold their re
spective armatures in the actuated
position. Each electromagnet is provided
with an electrical suppressor. 'I'rus 
plus the use of an induction motor
operated continuously - helps to mini
mize radiated electrical interfcrence.

Tn place of thc usual sliding-contact
commutators 01' stepping switches, a
single-position transducer and code gen
erator are used to translat.e each posi
tion of thc type hars into binary-coded
voltages. These voltages arc compared
with the input signals in thc plug-in
code modules. Whcncver the input codc
coincides with the internal type posi
tion codc, a pulse is generated which
rcleases the particular stop-pawl to
lock the type bar in the proper digit
position. This position-decoding proc
ess continues from 110" through "9JJ

until all type bars are properly indexed.
'fhe platrn is thcn mechanically engaged
and shiftrd upward towilrd the in-[in('

JUNE, 1963

Figure 4. View of the Type 1137·A Data Printer,
Rack Mounted.

type, printing the correct digits on the
paper tape.

This compact printer is available in
either a portable cabinet for bench usc,
as shown on page 9, or a !'clay-rack
adaptor cabinet, as shown in Figure 4.
Thc printer occupics only half the pancl
space of the relay-rack adaptor cabinct,
leaving adjacent space for associated
equipment.

A cable is supplicd with the printer
for dircct connection to the companion
instrument.

- H. T. McALEER

SPECIFICATIONS
Capcl(:ity: 12 columns.
Digits: 0 through 9 or blank (column suppres
sion).
Printing Rate: 3 lines per second maximum.
Accuracy: Identical to input.
Input:

log ic levels -

Source Re.si~tance Binary 0 Binary 1
100 kilohms -8 to -50 v 0 to +50 \'

2 megohms -12 to -50 v 0 to +50 v
Code - 10-line code (one wire is binary 1,

eight wires binary 0) or fom:--line nco (1·2-2-4,
1-2--1-8, or 1-2-4-2) input.

Resistance - Approximately 10 megohms for
minu:; input, 200 kilohm:; for plus input.
Internal Ground: Isolated from chassis. 1\'lay be
biased to ± 100 volts.
Color-Control:

Manual- Two-position lever selects red 01'
black print-out.

Remote - Red, binary 1 or open circuit;
black, biM!")' O. Input resistance approximately
2 megohms.

Column Suppression: Single line grounded for
each column suppressed (3 milliamperes maxi
mum, + 10 volts open circuit).
Print Command: Change from binary 1 to
binary O. Binary 0, 100 milliseconds minimum
after print command; binary I, 15 milliseconds
minimum before next print command. Source
resistance 1 megohm maximum.
Inhibit Reset Output: Occurs within 50 millj·
seconds after print command; 200 milliseconds
maximum duration.
Printing Ribbon: 7/I6-inch two-color adding
machine ribbon.
Paper: St:lIldard 27{-inch roll tape.
Power Requirements: TYPES 1137-9731, 1137
9732, 1137-9735, and 1137·9736 - 115 volts,
60 cps, 45 wutts. TYPES 1137·9733, 1137-973-1,
1137·9737, and 1137-9738 - 230 volts, 50 cps,
45 wulls.
Accessories Supplied: Cable assembly for con
nection to counter, spare fuses.
Accessory Available: TYPES 1137-9604 and
1137-9605 Plug·In Code .Modules.
Cabinet: Rack and portable models available.

11
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5hipping Weight: Hack model, 55 pounds (25.0
kg); po,·table modet, 45 pounds (20.5 kg).

Code A-umber PricetType

SPECIFICATIONS (Cont.)
Dimensions: Hack model- width 19, height 8%, Net Weight: Ra.ck model, 45 pounds (20.5 kg);
depth 15,!4 inches (485 by 225 by 390 mm), portable model, 35 pounds (16.0 kg).
over-all; portable model- width 9, height 10,
depth 167'2 inches (230 by 255 by 420 mm),
over-all.

1137-9731 $1675.00

1137-9732 1725.00

1137-9733 1700.00

1137-9734 1750.00

1137-9735 1350.00

1137-9736 1400.00

1137-9737 1375.00

1137-9738 1425.00

1137-9604 55.00
1137-9605 75.00

1137-9735

1137-9737

1137-9738

1137-9736

1137-9734

For use with
Type 1130-A

Counter·

For use with Types
1150·APond 1151-AP

Counters

Data Printer, Portable Model
(115 v, 60 cps) .
Data Printer, Rock Model
(115 v, 60 cpsl.
Data Printer, Portable Model
(230 v, 50 cps). . .
Data Printer, Rock Model
(230 v, 50 cpsl. ....

Data Printer, Portable Model
(115 v, 60 cps) .................•
Data Printer, Rock Model
1115 v, 60 cpsl.
Data Printer, Portable Model
(230 v, 50 cps).
Data Printer, Rack Model
(230 v, 50 cpsl.

1137-9604 Plug-In Four-Line Code Module.
1137-9605 Plug-In 10-Line Code Module.

·TYI'& 1130-1\ counters shipped before February 1963 require minor modification. A modification kit is included with
tbese printerll. tPricC8 al>plicablc for sales in U.S.A. and Canada only.

NEW
FERRITE

ISOLATORS

Figure 1. View of the
Type 874-HI000L Isolator

(1.0 - 2.0 Ge).

Ferri te isolators arc basically one
way transmission devices. An 1'1' signal
applied at one port of an isolator is
attenuated very little in passing through
the isolator to the second port. How
ever, a signal applied at the second port
of the isolator is substantially attenuated
in passing through the isolator to tbe
first port.

\rhen an isolator is inserted between
a signal source and a load, the energy
from the source is transmitted to the
load with very little loss, but, owing to
the high attenuation in the reverse

direction, the undesirable effects of
changes in load conditions on the source
amplitude and frequency arc substan
tially reduced. The isolator thus offers
the distinct advantage of low insertion
loss over the ordinary attenuator pad.
As a result higher system sensitivities
(or levels) can be achieved for a given
source power.

DESCRIPTION

Coaxial ferrite isolators are now avail
able that offer high performance charac
t.eristics over relatively wide frequency

12
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Type
Frequency

Range

TABLE I

Isolation
Insertion

Loss
Can Be Used With

'J'hese Gll Oscillators
874·HSOOL

874-Hl000l
874-H2000L

0.5 to 1 Gc

1 102 Gc
2 to 4 Gc

lOl015db

10lo15db
2010 25 db

0.5 to 1.5 db

0.5 10 1 db
0.5 to 1 db

1209·C, -CL,
1361-A,1021-AU
1218-A
Ina·A, 1360-A

0.4 Q5 0.8 1.0 1,5 2.0 3.0 4.0 5.0
FREOUENCY-Gc

0

S
874 - H500l...!l?4-HIOO<?!=...!!74-H20Q2,L

I I I V ~~,~0
J

ISOLATION,

S

0
V '\ '/1 I, I . . ,J, I

s INSE~TIO\ LOSS;-
~

0

bands, as shown in Figure 2 and Table I.
They can actually be used over con
siderably wider frequency ranges than
tbeir rated 2-to-1 bands with some
deterioration in performance. They are
equipped with locking TYPE 874 Con
nectors and will handle up to 5 watts
cw power.

THEORY OF OPERATION

The isolators described here are based
on the phenomenon of rcsonance-ab
sorption. Their isolation characteristics
depend on the absorption of cncrgy that
oc<' urs at ferromagnetic resonance. To
achicve this resonancc) a ferritc material
is placed in a region where the field is
circularly polarized, and the ferrite is
transversely magnetizcd by an external,
static magnctic field. The resonance
occurs when the strength of the external
static field is such that the precession
rate of the ferrite electron-spin axes
caused by the static field is approxi
mately equal to the frequency of the
circularly polarized field. (The circularly
polarized field is created in the coaxial
isolator by placing dielectric material
asymmetrically between the outer and
inner conductors.)

When a signal is applied at one port
of an isolator, the sense of rotation of the
circularly polarized field generated by
thc dielectric is opposite to thc direction
of clcctron precession in the fcrrite, and
there is little interaction bctween the
fcrrite and the applicd field. When the
sign~1 is applied to the other port of
the isolator, the rotation of the ficld is in

Figure 2. Averc:lge isolation and inserlion-Ioss
characteristics of several isolators.

the same direction as the precession;
the field is strongly coupled to the
ferrite electrons, and a large amount of
energy is dissipatcd in the ferrite.

REFLECTIONS AND RF SOURCES

Whcn an rf oscillator feeds a load
dircctly, reflections from the load on
arriving back at the source can influence
the source output power and frequency.
When the frequcney of opcration and
the load conditions are fixcd, the re
flections, unless they are very large, do
not usually affect the stability of the
source output.

Whcn changes arc made in the load
conditions, as for instance, when the
load is an adjustable attenuator in an
attenuation-measuring system, or when
various loads or a sliding short circuit
is connected to an impedance-measur
ing system, the change in load reflections
can cause changes in the amplitude and
frequency of the source. Similarly, when
the source frequency is varied with fixed
load conditions, the reflections (as ob
served from the source) change in ampli
tude and phase and affect thc amplitudc

13
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Isolator vs fixed ollenuators at 4 Gc, controlling oul
put variations (Figure 3, left) and frequency pulling
(Figure 4, below) of rf source (Type 1360-A Microwave

Oscillator).
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and frequency of the source. In either
casc, an isolator between the source and
the' load will improve the source stability.

The output impedance of an rf source
is usually not 50 ohms. :'I[any applica
tions, howe\"l'r, r('quire a matched sourcc.
ITpre the isolator can eon,·ert the
effective sourcc output impedance to .so
ohms over broad frequency ranges
without tuning and with a minimum of
powcr loss.

ISOlATORS VERSUS ATTENUATOR PADS

Figures 3 and 4 show thc advantages
of the isolator over thc fixed attenuator
pad. The data were taken with a General
Radio Ty"" 1360-A Microwave Oscil
lator operating at 4.0 Gc. Loads whose
rcflection coefficicnts vary from 0 up to
approximately 1.0 wcre used, and their
phases relativc to the source were varied
by means of a line stretcher between the
source and the load. The isolator used
was a Ty]'" 8H-H2000L that, at 4.0 Ge,

had an inscrtion lo~ of 0_9 db and an
isolation of 2,1 db. Three TYPE 8/-!-G
Fixed AtlenuatoJ"S of 6, 10, and 20 db,
respecti\'cly, ,,·cre used for comparison.
The shaded areas in Figure 3 show the
variations in output at any gi,-en reflec
tion coefficient as the phasc of thc rcflect
cd wa'·e is ,·aried through J80 degrees.

Figure 4 shows the frequency-pulling
efff'cts on thc oscillator as a function of
load reflection coefficient. 1\ote that the
isolator is better than the 10-db pad in
controlling the frequency-pulling effects.

Additional data taken with a TYPE
1218-A Unit Oscillator operating at 1.5
Gc and a Typ" 874-HlOOOL Isolator
(insertion loss of 0.9 db and isolation of
13 db) are presented in Figures 5 and 6.

Similar performance will be obtained
with other types of oscillators. Triode,
transistor, klystron, backward-wave,
magnetron, and othcr oscillators having
tightly coupled output circuits are sub
ject to similar instabilities, and the use

SHADEO AREAS I"OICATE OUTPUT VARIATIONS
.os A FUNCTION (y THE PtlASE OF THE
REFLECTION AS SEEN BY THE SOURCE

Isolator VI fixed a"enuotors at 1.5 Gc, controlling output
variations (Figure 5, left) and frequency pulling (Figure
6, below) of rf source (Type 1218-A Unit Oscillator).

'"
1.5Ge

.. 2.0,
~
OJ
~ 1.0 6db

> l"",,,,,,,~~=;§~~=~'50~LA:':OR~~ 10db

§ 0 0 02 04 06 06 lD
~ REFLECTION COEfriCIENT

REFLECTION COEFFICIENT

ofO~::0:2::0~·~;ioi·61IO:':~~I+.0~ISOLATOR
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of an isolator as opposed to an attenuator
pad is equally advantageous with all
types of sources.

APPLICATIONS

Attenuation Measurements

In the measurement of attenuators,
filters, and other devices where atten
uation may be high, it is usually im
porLant that the device under measure
ment be working between matched
source and load. In addition, it is usually
necessary Lo use all available power in
order to attain sufficient sensitivity in
the regions of high attenuation. Here the
usc of an isolator between the source and
the device under test offers distinct
advantages.

On the detector side, an isolator pro
vides a match over more than a 2-to-l
frequency band while introducing a
comparatively negligible loss in trans
mission. :l\either tuners nor attenuator
pads meet both these conditions.

Slotted-line Measurements

In a slotted-line measurement system
in which a tightly coupled, unmatched
rf source is used, changes in frequency
with changes in the impedance of the
unknown connected can cause errors.
For example, if the position of the

desired reference plane is determined
by the posi tions of vol tage minima
with the unknown and with a short- or
open-circuit termination connected, a
change in frequency will cause an error
in the posit ion of the reference plane.
Similar errors can occur when a sliding
short circuit is used. In systems in which
sensitivity is a limitation, for instance,
when very large vswn's are measul'ed,
the use of an isolator in place of an
attenuator can result in an improvement
in measurement accuracy.

General

These isolators can also be lIsed:
To match a detector to a 50-ohm line
over a broad frequency band without
tuning and without a significant reduc
tion in sensitivity.
'1'0 improve the source amplitude stabil
ity in both fixed and sweep-frequency
systems that require an amplitude-regu
lated rf output.
In a heterodyne detector to reduce the
level of the local-oscillator signal appear
ing at the detector terminals by 10 to
20 db.
'Wherever source output stability, im
pedance match, or minimum loss is an
important consideration.

- T. E. MACKENZIE

SPECIFICATIONS

874·HSOOL Isolgtor .
874·Hl000L Isolator.
874·H2000L Isolator ..

c.s. Patent ]\0. 2.518,457.

Length Net Weight

~

~•
~ J {j •

" ~

"' " ,§
~ ... c
~ ~ "- '"

10% 275 4 1.8
7% 200 lyz 0.7
8)-;( 210 2 0.9

Code Number Price

0874-9581 $550.00
0874-9583 325.00
0874·9585 275.00

15

5
5
5

1.20
1.15
1.18

10
10
20

1..5
1.0
1.0

0.5 to 1
I to 2
2 to 4

874·HSOOL
874·Hl000L
874·H2000L
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General Radio Exhibit in Tokyo

General Radio ,yas proud to be one of
the finns taking part in the opening
exhibit at the new U.S. Trade Center in
Tokyo. The exhibit, featuring industrial
instruments and laboratory apparatus
from 58 U.S. firms, ran from April 2 to
26, and attracted some 10,000 visitors,

including Cndersecretary of Commerce
Fmnklin D. RoosCl'elt, Jr., and 1.:.S.
Ambassador to Japan E. O. Reiscb
aller.

The GR exhibit was presented by our
representative in Japan, the Nlidoriya
Electric Company, of Tokyo.

Generol Radio 01 new U.S. Trade Center in Tokyo, as seen by U.S. Undersecretary of Commerce
Franklin D. Roosevelt, Jr., with represenfgtives of Midoriyo Electric. From left 10 right, the Messrs.
Nogakura, Sales Engineer; Kuroha. President; FOR, Jr.; Sekido, Import Division Manager; and

Ishizawa, Manager, Instrument Sales Section.

Harold StevensRonald MossmtJn

Harold Stewns joined the staff of our
Los Angeles Office in l\larch, 1963. His
territory will include metropolitan Los
Angeles plus the military installations in
the l\Jojave Desert region of California.

Personnel Changes at our Sales Engineering Offices

Ronald F. lUossman was recently
tmnsferred to the Toronto Office, after
nearly a year at our plant in "'Vest
Concord.

General Radio Company
16
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HIGHER ACCURACY, HIGHER FREQUENCIES

WITH NEW ELECTRONIC VOLTMETER

The TYPE 1806-'\ Electronic Volt
meter (Figure 1) is a completely new
instrument, superseding the TYPE 1800-B
Yacuum-I'llbc Yoltmclcl". In this design
\\'e hayc been ahle not only to impro\"c
lhe pPlforrnance subslant ially bul also
to make the instrumcl1l much morc con
venient to lISC. 'r'he new voltmeter em
bodies the following features:

Improved Performance

JmprolJed accuracy - the basic accu
racy is ±2% oj indication.

Better Jrequency response - the probe
is u~able up to 1500 :\lc for milage
measurements.

Wider railage ,·ange - up lo 1500
volls, both ac and dc, can be measured
without external voltage dividers.

Figure 1. View of the Type
1806-A Electronic Voltmeter 
portable model, in Flip-Tilt case.
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Stability - both zero stability and
long-term calibration stability have been
improved.

Increased Convenience

'There are only four ranges, each cover
ing a span of 10 to 1; the number of
times the operator must turn the range
selector switch is greatly reduced.

A single scale serves for all voltage
readings (except on the lowest ac range).

Logai/:thmi.c scale on the meter gives
constant-percentage resolution and read
ability.

New sm.all probe is much easier to con
nect to modern small circuit components.

An ohmmeter is included for conven
ient resistance measurements.

1'he Flip-Tilt case permits tilting the
meter for error-free antiparallax read
ability from almost any angle.

Alternate model is also available for
relay-rack mounting.

Storage for the probe and its cable is
provided inside the cabinet.

bnproved circuits, new c01nponenls,
and nwdern mechanical design have all
contributed to these performance char
acteristics and convenience features.

DESCRIPTION

Figure 2 is a simplified schematic of
the TYPE 1806-A Electronic Vol tmeter.
The instrument is basically a high-qual
ity dc amplifier, which is used directly
for de voltage measurements. There is
included, for measurCffiC'nt of ae voltagC',

a diode probe, which rectifies the ae sig
nal and \,"hose output is measured by the
same de amplifier. The de amplifier is
also used in ohmmeter operation to
measure the voltage drop across the
unknown resistor in a voltagc-divider
type ohmmeter.

DC Circuit

The de amplifier is a balanced circuit,
which functions as a pair of cathode
followers, driving the meter circuit from
cathode to cathode. There are two im
portant operating parameters of a circuit
of this type, the open-circuit voltage
gain and the output resistance. The gain
directly controls the calibration of the
\'oltmcter; the output resistance appears
directly in series with the meter and
affects the calibration mainly on the
most sensitive ranges. Doth of these
paramctcrs, therefore, must be stabil
ized if the voltmeter is to retain its cali
bration. Owing to the use of a novel
circuit, the voltage gain is extremely
stable and the output impedance is so
low that its yariations are negligible.

Each llcathode follower" is made up
of two vacuum tubes and one transistor,
SO connected as to operate much nearer
to the ideal than is possible with one
tube alone.

The first tube is operated as a simple
cathode follower, and the transistor and
the second tube comprise a circuit, sug
gest.ed by Henry P. Hall, of the General
nadia Company, which possesses a num-

©1963-GENERAL RADIO COMPANY, WEST CONCORD. MASS., U.S.A.
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bel' of desirable characteristics. First of
all, the input impedance (at the emitter)
is extremely high, being approximately
equal to the collector resistor in value.
This means that the gain of the first
tube is very closely equal to 4(~ + 1),
a term which is substantially invariant
during the lifetime of the tube. The gain
of the transistor-tube circuit, being highly
stabilized by feedback, differs from unity
by only a few parts per million, so that
the voltage gain of the entire circuit is
quite independent of the gradual de
crease in transconductance that occurs
as the tubes age.

Secondly, the output impedance of the
Hall circuit is less than one ohm, owing
to the high gain enclosed in its feedback
loop and, consequently, the variation in
output impedance with tube aging is
completely negligible (the lowest total
resistance in the meter branch is 1500
ohms). In fact, the substitution of tubes
of different types (but having the same
base connections) for the second tube
in this circuit produced no discernible
change in calibration and only very
slight changes in zero setting. V'le confi
dently predict that this instrument will
not need recalibration of its dc ranges
during the two-year warranty period
and perhaps never during the lifetime
of the instrument (barring catastrophic
tube or component failure).

JULY, 1963 ~

DC Zero Stability

An additional advantage of this circuit
is its extremely good zero stability,
which results from the completely bal
anced circuit arrangement and the use of
regulated heater voltages on all tubes.

Open-Grid Operation

Range switching of the de-voltmeter
circuit is accomplished by changes in the
resistance in series with the meter. Since
the input voltage limit of the electronic
circuit is 150 volts, an internal voltage
divider is used on the 1500-volt range.
Its total resistance is 100 megohms, and
it can be connected or not on the other
three ranges to serve as the input grid
leak. With the lOO-megohm resistance
switched out by means of the screw
driver-type control on the front panel,
measurements of de voltage on circuits
having source resistance of up to 100 or
1000 megohms are possible. The zero
can be adjusted to compensate for the
voltage offset due to grid current. The
first, tube is operated at reduced heater
voltage and low plate current to keep
the grid current less tha.n 10-10 amperes.

Current Measurements

External resistances can be conneeted
across the input terminals for the meas
urement of direct currents. For example,
with a one-megohm resistor conn€cted

Figure 2. Simplified schematic
diagram of the Type 1806-A

Electronic Voltmeter.

r:-~-------l

§l'-1 I
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PROBE DC AMPLIFIER
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as an external shunt (and with the 100
megohm resistance switched out}, the
metel' on the most sencitive ran;;3
corresponds to 1.5 microamperes full
scale, and the smallest division corre
sponds to 5 nanoamperes. \Yith a shunt
of .10 megohms, these l1umbC'I'S become
0.15 microampere and 0.5 nanoampere,
respectively. On these range's the leak
age currents of silicon transistors can be
easily measured.

Meter

The meter movement used in this new
voltmeter is supplied by the Precision
),10(('1' Di\"ision of ~linllf'apolis-HonC'y

well and was suggested and developed
for Geoeral R:ldio by the late Roscoe
Ammon. Slarting at zero, the deAection
characteristic is linear up to 1/ I0 full
scale current, and thell is logarithmic the
i'2St of the way, as shown in Figure 3.

This deflection characteristic has a
number of important advantages. First,
the mcter can be adjusted to perfOl'm
with such high accuracy that we have
been able to specify a basic accuracy for
the voltmeter of 2% of actual r"ding.
A comparison of actual operating accu
racy against that of a linear meter rated
in terms of percentage of full scale will
illustrate how striking is the improvc-

Figure 3. The meter scale. Note that all dc voltages
and all oc voltages above 1.S volts are read on a

single scale.

ment. As shown in Figure 4, on a linear
meter rated at2% of full seale, tbe read
ing at a point one-third of full scale is
subject to an error of 2% of full scale or
6% of the reading. '1'his no,,- voltmeter
rated at 2% of reading is, therefore, as
much as three times as accurate as a
conventional ,-oltmctcr raled at 2% of
full scale.

Spcond, this deflect ion charactcristic
allows ranges to be switched by factors
of ten; thus the number of times it is
necessary to operatc the range switch
is greatly reduced. By far the greatest
advantage of ten-lo-one range switch
ing, howe"er, is that, wit h the exception
of the lo\\-est ac rangC', all "oltage l'ead-

Figure 4. Accuracy as a func
tion of scale reading for the
Type 1806-A Electronic Volt_
meter, compared with t;,al of
its predecessor, the Type
1800-8, whose accuracy was

2% of full scale.
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Figure 5. The ac: probe and its acceuary tips and
ground dips.

ings arc made on one scale. This elimi
nates what is probably the greatest
source of eITor on most multiscale volt
meters, that of the apcrator inad
vertently reading the wrong scale.

Third, because of the expansion of
the scale at the low end of this meter,
the deflection sensitivity down-scale is
that of a linear meter having three times
the sensitivity of this one, i.e., on the
1.5-volt de range, the low end of the
scale is as easy to read as that of a linear
meter of 0.5 volt full scale. On this
meter, on the 1.5-volt range, the small
est scale division is 5 millivolts!

AC Probe

Substantial improvements have been
made in the performance and conven
ience of the ae Pl'Obe. The diode is one of
the small ceramic types developed by
the General Electric Company. Its small
sir£ not only keeps the inductance low,

JULY, ".3 ~

gJ\711lg the probe a resonant frequency
higher than 3000 Me, but has permitted
a substantially smaller over-all size than
existing probes of this type. Figure 5
shows the probe together with its acces
sory tips and ground clips. Figure 6
shows a number of different ways in
which these accessories can be combined.
Because the probe is small, and because
of the versatility of these accessories,
high-frequency measurements can be
easily made even at points in modern
miniaturized circuits.

Use at UHF

Above several hundred megacycles
per second it is necessary to use the
probe in a closed coaxial system to avoid
connection errors. An accessory Tee
Connector, TYPE 1806-P1, is available
for bridging the probe across a coaxial
line. It replaces the probe cap, as shown
in Figure 7. It is equipped with General
Radio 'j'yPE 874 Locking Connectors
and is compensated so that the disturb
ance in a smooth line resulting from the
introduction of the probe and tee con
nector is a minimum. The voltage-stand
ing-wave ratio of the tee connector and
probe in a 50-{)hm system is less than
1.10 at frequencies below 1000 11c and
lypically docs not exceed 1.2 at frequen
cies belo,,- 1500 Me. The voltage indica
tion is subject to error at rugh frequen-

Figure 6. Variaus methods af us
ing the pt'abe with different com
binations of the tips and ground

clips.

5
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Figure 7. The probe with cap removed and the tee
connector screwed on for ullra-high-frequency

measurements.

cies from several sources: the resonance
of the probe, transit time in the diode,
and, to a slight extent, the compensation
included in the tee connector. The typi
cal magnitude of the error of voltage
indication is shown in Figure 8. The
error is a function of voltage level, be
cause the effect of transit time depends
upon the magnitude of the input volt
age. This graph shows the difference (in
decibels) between the voltage indication
of the meter and the vol tage measured
at a low-vSWR 50-ohm termination
on the same line. The specification on
accuracy is that the error will not ex
ceed 3 db for frequencies less than 1500
Me.

High Voltages

For the measurement of ac voltages
above 150 (the limitation imposed by
the peak-inverse-voltage rating of the

high-frequency diode), a capacitance
compensated voltage divider is included
inside the instrument. When the probe
is placed in its storage socket, ac voltage
inputs can be applied to the binding
posts, which are internally connected
to the probe. The voltage divider is
automatically switched in on the 1500
volt range. The upper frequency limit
for ac signals applied to the binding
posts in this manner is 500 kc.

Ohmmeter

For the measurement of resistance,
the voltmeter is converted into an ohm
meter by the addition of a set of range
selector resistors connected to a regu
lated power supply. The ohmmeter is of
the customary voltage-divider type. The
use of a regulated power supply obviates
the necessity for a full-scale adjuster on
the panel of the instrument. The ohm
meter operates from a 1.5-volt source 
a compromise between a voltage that is
high enough to give stable operation of
the de voltmeter circuit and low enough
to prevent burnout of sensitive devices.
The maximum available power from the
ohmmeter circuit is 16 milliwatts and the
maximum short-circuit current is 43 milli
amperes.

The wide-range logarithmic scale on
the meter necessitates only four ranges,
having center-scale values of 10 ohms
] kilohm, 100 kilohms, and 10 megohms:
The scale is calibrated from 0.2 ohm on
t.he lowest range to 1000 megohms on
the highest.

Figure 8. Typical high-frequency
response characteristics of the
probe and tee connector operat~

ing in a SO-ohm system.
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Because of the high accuracy of the
meter, the dc amplifier, and the ohm
meter circuit, we have conservatively
rated the accuracy of the ohmmeter as
±5% of indicated resistance value, from
1 to 10 on the scale, decreasing to ± 10%
at 100 on the scale. For comparison of
two resistances of approximately the
same value, much smaller percentage
differences can be observed. The wide
range, absence of full-scale adjustment,
and zero stability of this ohmmeter
make it an extremely useful addition to
the voltmeter.

External Description

The TYPE 1806-A Electronic Volt
meter is shown in Figure 1. This instru
ment is mounted in the by-now familiar
Flip-Tilt case pioneered by General
Radio. This case permits the instrument
to be tilted so that the meter can be
read without parallax from almost any
angle. Figure 9 shows several possible
attitudes for this voltmeter and illus
trates the wide latitude that one has in

Figure 9. Various methods of pladng the Flip
Till case for convenience in reading the met.r.

JULY, '.63 ~
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Figure 10. View of the Type 1806-AR Electronic Voltmeter for relay·rock mounting.

8

setting it up for convenience and accu
racy in reading.

The TyPE 1806-AR Electronic Volt
meter is shown in Figure 10. This instru
ment contains the same electrical circuits
as the TYPE 1806-A, but is mounted in
a cabinet designed espeeially for relay
rack mounting.

In these photographs the large, easy
to-read meter is clearly visible. The arc
length of the outer scale is 6 inches,
which contributes considerably to the

Figure 11. The Type 1806-A Electronic Voltmeter
with cover closed (lnd the power cord ground the

rubber feet for storage or transporting.

readability. The probe is visible in Fig
ure 1, and at the lower right-hand corner
of the panel is the storage socket for it.
The probe cable can be stored in an in
ternal reel and pulled out or pushed in as
necessary. 'Vhen the cover is closed, the
power cord, which is permanently at
tached, can be wrapped around the large
rubber feet, as shown in Figure 1l.

Another unusual convenience feature
of this voltmeter is that the range
selector switch turns in the same direc
tion as the desired motion of the pointer
on the meter. This is most easily seen on
the ohmmeter, where, if the pointer is
near zero, the range knob should be
turned clockwise to bring the pointer
clockwise, nearer to center scale. Simi
larly, on voltage measurements, if the
pointer is ofT scale, the range knob
should be turned counterclockwise to
bring the pointer counterclockwise until
it is again on scale.

This new design embodies several im
portant advances: in performance, in
creased accuracy, wider ranges, and
greatly improved stability; in conven
ience, the Flip-Tilt case, the tcn-to-one
range switching, the new small probe with
storage provision, and the large meter.

These features combine to produce
unusual simplicity of operation and
accuracy of measurement.

-JAMES J. FAUAN, Ju.
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SPECIFICATIONS
input voltaRe level because of transit-time
effects, is shown in the ~lecomp3nying plot.
Above 150 volts with intcl'llnl volt.age divider
there is an additional error of not more than
±2% for frequencies below 500 kc.

OHMMETER
Ronge: 0.2 ohm to 1000 megohms in four ranges
with center scale values of 10 ohms, I kilohm,
100 kilohms, and 10 megohms.
Test Voltoge: The de test voltage is positive \\"it.h
respect to ground and never exceeds 1.5 volts.
The maximum current (which is delivered to a
short circuit on the lowcst resistance I'ang;e) is
approximaLely 43 mao The maximum available
power from the ohmmeter circuit is J6 mw.
Accuracy: ±5% of indicated value from 1 to 10
on scale, ILpproaching ± 10% of indicated value
at. 100 on scale.
GENERAL
Power Requirements: 105 to 125 (or 210 to 250)
volu., 50 to 400 cps, 20 watu-, approximately.
The case is growldcd by the third wire in the
powcr cord. The voltmeter circuit can be dis
connected from the case and operated as much
as 300 volts de off ground. The low input termi
nal remains by-passed to the case.
Probe Sioroge: A socket and reel store both
probe and cable.
Accessories Supplied: Spare fuses, CAP-22 Power
Cord (on -AI{. only), an ll~ROrtmcllt of probe
tip.::: for various types of connections.
Cabinet: PorU1ble model, Flip-Till, case. Rack
moclel on LO-inch panel.
Dimensions: Portable moclel, Case elosed
7.J/:l by 8.J/:l by 11 Y2 inches (190 by 220 by
295 mm), over-all; rack modcl- panel J9 by
5J.{ inches (485 by 135 mm), depth behind
panel 9.!4 inches (235 mm).
Net Weighl: Approximately 10 pounds (4.6 kg).
Shipping Weight: Approximately 16 pounds
(7.5 kg).

DC VOLTMETER
Voltage Range: Four ranges, 1.5, 15, 150, and
1500 volts, full scale, positive or negative.
~\'Iinimum reading is 0.005 volt.
Input Resistance: 100 mej:!;ohms, ±5%; also
H open grid" on all but the 1500-volt range.
Grid current is less than 10-10 amperes.
Accuracy: ±2% of indicated value from one
tenth of full scale to full scale; ±0.2% of full
scale from one-tenth of full sC~lle to zero. Scale
is logarithmic from one-tenth of full scale to
full scale, permitting constant-percentage read
ability over that range.
AC VOLTMETER
Voltage Range: Foul' rang;e:::, 1.5, 15, 150, and
1500 volts, full scale. Minimum reading on
most sensitive range is 0.' volt.
Input Impedance: Probe, approximately 25 meg
ohms in parallel with 2 pL Voltages above 150
use an int.ernal voltage divider, and input
impedance is 25 megohms in parallel \\'ith 30 pL
Accuracy: At 400 cps, ±2% of indicated value
fl'om 1.5 volts to 1500 volt~; ±3% of indicated
value from 0.1 volt to 1.5 volts.
Waveform Error: On the higher ac-voltage
ranges, the instrument operates as :l peak volt
meter, calibrated to rC11d rms values of a sine
wave or 0.i07 of the peak value of a complex
wave. On distorted waveforms the percentage
deviation of the reading from the rms value
may be as large as the percentage of harmonics
pre.')cnt. On the lowest range thc instrument
approaches rInS operation.
Frequency Range: Low-frequency roll-off is less
than 3% at 20 cps. Probe ]'C:ionanL frequency is
above 3000 Me. Above sevei'lL! hundred mega
cycles pCI' second, prcbe should be used in a
50-ohm coa.xial system with t.he acee3sor.v tee
connector. The error is t.hen less than ±3 db
below 1500 Me, and VSWH of the tee connector
and probe i!:lles:" than 1.1 below 1000 Mc. Total
error, which for low voltages is a function of the

Type Code Number Price

1806·A
1806.AR
1806·Pl

Electronic Voltmeter, Portable Model.
Electronic Voltmeter, Rock Model.
Tee Connector.

1806·9701
1806·9811
1806·9601

$490.00
490.00

35.00

Vacation Closing

During the weeks of July 22 and
July 29, our Manufacturing Dcpartment
will be closcd for vacation.

'There will be busincss as usual in thc
Sales Engineering and Commercial De
partmcnts. Inquiries, including rcquests
for technical and commcrcial informa-

lion, will rcceive our usual prompt atten
tion. Our Scrvice Department rcquests
that, because of absenccs in thc manu
facturing and rcpair groups, shipmcnts
of equipment to be rcpaired at our
Concord plant be scheduled to reach us
aftcr the vacation period.

9



~ GENERAL RADIO EXPERIMENTER

REDESIGNED MEGOHMMETER

SIMPLIFIES

INSULATION RESISTANCE MEASUREMENT

10

Users of the TYPE 1862-B Megohm
metcl'l who were kind enough to return
questionnaires describing their use of the
instrument and their suggestions as to
how it could be improved will be pleased
to know that they have had a hand in
redesigning this popular instrument to
make what should be an even morc
satisfactory unit. The new TYPE 1862-C,
shown in Figure 1, has incorporated
lAo G. BOllsquet, "New 'Model of ""egolllnmetcr lim!
Two Test Voltages," General RadiQ Experimenter, 29,9,
December, Hlf>4.

figure 1. View of the Type
1862-C Megohmmeter.

most of the ideas suggested and a couple
we thought Lip Ollrselves. However, we
could not add everything asked for,
because we felt (and users agreed) that
the small size and modest eost of the
instrument were among its important
features.

The most noticeable change is in the
packaging. The ncw model is housed in
the Flip-l'ilt case, which has won wide
approval, particularly for its :tbility to
support the instrument with its panel at



almost any angle. Correct viewing angle
is important for any instrument whose
output is a meter reading. The Flip-Tilt
case is especially versatile in this respect*
and offers as well the added features of
easy portability and protection for both
transit and storage. Prominent also in
the a.ppearance is the large panel meter,
the new GR design with its maximum
length, open scale. Further, for easy
reading and interpola.tion, the movement
is reversed, so that resistance values in
crease from left to right.

A new feature is the separate, 3-posi
tion DISCHARGE-CHARGE-)'IEASURE toggle
switch. This is important for those who
use the instrument to make repetitive
measurements on a given range. \Vith
the older instrument, the MULTIPLIER

switch had to be used for discharging,
and, if the measurements were made on a
high resistance range, this resulted in a
lot of switch rotating for each measure
ment. The DISCHARGE position on the
MlIL'l'IPLIER switch is still provided.

The voltage is removed from the un
known terminals if either switch is set
to DISCHARGE. An indicator lamp, lo
cated near the measurement terminals,
is lit when the test voltage is applied.
The lamp, which is especially bright
• For details. see page 7.

JULY, , •• 3 ~

when 500 volts are applied, provides a
warning to the operator, for, although
tbe instrument current itself is not
dangerous, a charged capacitor on the
terminals is dangerous and could be
lethal.

One change repeatedly asked for was
the new, 100-volt test voltage, which is a
standard for many measurements. This
replaces the 50 volts provided on the
older instrument. The accuracy is the
same for both 100 and 500 volts, in con
trast to the poorer accuracy on the
50-volt range of the older model. Inter
nal changes include the use of semi
conductor rectifiers and a "premium"
tube in the meter circuit, whose low
grid current improves tbe stability of
measurements of very high resistances.

Our survey indicated tbat over 80%
of the instruments were used for insula
tion resistance measurements, and the
rest were used to measure volume and
surface resistivity or high-valued resis
tors. The insulation resistance measure
ments were on cables, capacitors (leak
age), transformers, connectors, relays,
printed circuits, motors, and switches.
\Vith the new model these measurements
can be made with even more ease than
in the past.

-H. P. HALL

SPECIFICATIONS
Range: 0.5 to 2,000,000 megohms at 500 volts
and to 200,000 megohms at 100 volts. There
are six decade steps selected by a multiplier
switch.
Scale: Each resistance scale up to 500,000
megohms utilizes 90% of the meter scale.
Center-scale value"" are I, 10, 100,1000,10,000,
and 100,000 megohms for SOD-volt operation.

Accuracy: From ±3% at the low-resistance end
of each c~cade to ± 12% (accuracy to which
tbe scale can be read) at the high-resistance
end up to SO,OOO me~ohm::;. There can be an
additional ±2% error at the top decade.

Voltage on Unknown: 100 or 500 volts, as selected
by switch on front panel. Indicator lamp is

lighted when voltage is applied. Current avail
able limited to safe value. Voltage aeross un
known is 500 volts ± 10 volts, or it is 100 volts
± 4 volts. This volhtge source is regulated for
operation from 105- to 125- (or 210- to 250-)
volt lines.
Terminals: Unknown, ground, and guard termi
nals. All but the ground terminals are insulated.
The voltage is removed from the terminals in
the DISCHARGe position of either switch.
CQlibrQtion: Switch position is provided for
standardizing the calibration at 500 volts.
Power Requirements: 105 to 125 (or 210 to 250)
volts, 40 to 60 cps, 25 watts. Instrument will
operate satisfactorily on power-supply frequen
cies up to 400 cps.

11
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S P E C I F I CAT ION S (Cont.)
by 210 by 190 mm), over-all; rack model
panel 19 by 5>i inches (485 by 135 mm);
depth behind panel 5 inches (130 mm).
Net Weight: Portable model, 9 pounds (4.1 kg) j
rack modeJ, 10 pounds (4.6 kg).
Shipping Weight: Portable model, 16 pounds
(7.5 kg); rack model, 23 pounds (10.5 kg).

Accessories Supplied: Spare fuses, two color
coded test lcads.

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

Dimensions: Portable model, case closed
width 1171, height SU, depth 7.Y2 inches (295

Type Code Number Price

1862-C
1.862·9844

Megohmmeter, Portable Model. . .....••....
Megohmmeter, Rock Model ........•..........

1862·9703
1862-9844

$310.00
310.00

WESCON -1963 - Aug ust 20-23
Cow Palace, San Francisco

'Ve look forward with pleasure to
welcoming Experimenter readers to the
General Radio exhibit at Wescon. }hny
new instruments will be on display.

Type 1900-A Wave Analyzer - A
new narrow-band analywr, 20 to
50,000 cps, with 3 bandwidths - 3,
10, and 50 cps.
Type 1564-A Sound and Vibration Ana

lyzer - 2.5 to 25,000 cps, 1/3- and
1/JO-<Jctave bands, all-solid-state
circuitry, line or battery power.

Type 1308-A Audio Oscillator and

Power Amplifier - 20 to 20,000 cps,
200-watt output up to 1 ke, low dis
tortion, good regulation, metered
output, solid-state circuitry.

Counters-Type 1130-A with Type

1133-A Range-Extension Unit (Experi
menter, Februal'y-l\/larch, J963);
Type 1150-A (Experimenter, April

Several of these have been described in
recent issues of the Experinwnter. Others
are shown for the firsL time and will be
described in forthcoming issues.

1962); Type 1151-A (Experimenter,
April-May, 1963); Type 1137-A Data
Printer (Experinwnler, April-May,
1963); Type 1136-A Digital-lo-Analog
Converter; Type 1521-A Graphic level
Recorder.

Type l025-A Standard Sweep-Fre
quency Generator (Expcrim"ente'l',
January, 1963).

Type 1806-A Electronic Voltmeter (this
issue).

Type 900 Precision Coaxial Connectors
(Experinwnter, Februal'y-lVIarch,
1\163).

Type 1531-P2, -P3 Stroboscope Acces
sories.

Booth 2215 -2218

General Radio Company
WEST CONCORD, MASSACHUSETTS, U.S.A.

NEW YORK SYRACUSE PHiLADElPHIA WASHINGTON CH:CAGO
flORIDA DALLAS SAN FRANCISCO LOS ANGELES CANADA
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A HIGHLY STABLE

REFERENCE STANDARD CAPACITOR

The transfer of the high accuracy of
measurements at Lhe ):ational Bureau
of Standards to other laboratories re
quires standards of correspondingly high
stability. For example, ~BS now oali
bmtes capacitance slandards of lOOO pf
at 1000 cps with an accuracy better
than ±O.002% or ±20 ppm (parts per
million). But, whcnc\"cl' a capacitor cali
brated at xas is moved to another
laboratory, t,}IC uncertainty of the cali
bration is increased by the possible
changes in capacitance when the capaci
tor is transferred La and measured at the
new location. Capacitance changes of Lhe

order of 20 ppm can occur in most capac
itors for several reasons.

SOURCES OF INSTABILITY

Mechanical Shock

Perhaps the most obvious source of
change is mechanical displacement of
the capacitor plates, resulting from vi
bration or shock in transport or in
handling. :\108t capacitors must be
handled with particular care to keep
such changes below 20 ppm. Even with
no handling at ali, a capacitor sitting
on a shelf can changc in capacitance
with Limc, because any strains left in

Figure 1. View of the l000-pf
copacitor removed from its cabi
net and sealed container, show
ing the construction of the plale

stack.
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ihe capacitor materials at the time of
construction can change with age and
thus change plate area or separation.

Temperature

Capacitance change also results from
temperature change, not only because
the dimensions are changed by mechani
cal expansion but also because the per
mittivity, particularly of solid dielectric
materials, varies with temperature. Typi
cal standard capacitors with air di
electric and plates of brass or aluminum
have temperature coefficients of capaci
tance of the order of 1G to 22 ppmj"C,
while the coefficient of a mica capacitor
is of the order of 40 ppmj"C, Uncertain
ties of the order of 20 ppm can therefore
result from temperature changes of only
one degree. In ordcr to apply corrections
to reduce these unccrtainties, accurate
kno\dedge of both capaei tor temperature
and temperature coefficient is required.

Atmospheric Pressure and Humidity

Changes of capacitance with atmos
pheric pressure and humidity are less
familiar because the effects arc nsually
negligible. However, in an air-dielectric
capacitor that is not hermetically
sealed, the density of the air dielectric
between capacitor plates will change
with temperature and with atmospheric
pressure. The resulting change in capaci
tance is about -2 ppmj"C at room

iemperature and + 18 ppm per inch of
mercury pressure change. Since the
aimospheric pressure and density de
crease with altitude, if such an unsealed
capacitor is moved from \Vashington
near sea le\'el to the mile-high altitude
of Boulder, Colorado, the capacitance
,,·ill decrease by the no-longer-incon
siderable order of 100 ppm. If \\'ater
vapor is present in the ail', the dielectric
constant is incrcased, and the capaci
tance increase with atmospheric humid
ity is approximately 2 ppm per percent
relative humidity. \Vater that condenses
on capacitor plates 01' soaks into solid
dielectrics causes capacitance ehanges
thai arc usually larger and less predict
able.

Hysteresis

Another deficiency, which appears in
most capacitors when parts per million
become important, is that of hysteresis
in the relation between capacitance and
temperature. 'Vhen a capacitor is sub
jected to relatively large temperature
changes, such as those that can result
from shipment, the capacitance at room
temperature may have a different value
after the capacitor has been hot than it
has after being cold, as shown in Fig
ure 2. In this example, the capacitor
may start at the capacitance, CRIl , at
room temperature, 'lIn, increase to the
capacitance, CIl, when heated, and re-

©1963-GENERAL RADIO COMPANY, WEST CONCORD, MASS •• U.S.A.
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Figure 2. Capacitance vs temperature diagram show
ing hysteresis.

.structure, which restricts the motion
resulting from the thermal stresses. In
most mechanical structures the hystere
sis cycle is not so simple or so retrace
able as assumed in this example.

Voltage and Frequency

Additional sources of capacitance
change are variations in voltage and in
frequency. Changes of capacitance no
greater than a few ppm can be expected
in standard air capacitors with voltages
in the usual measurement range below,
say, JOO volts. In silvered-mica capaci
tors, such as the TYPE 1-4:09, change:".
from 10 to 200 ppm may oecur for Yolt
age changes from 1 to 100 volts. Such
changes usually result from small iso
lated sec lions of the sih·er film that con
nect to the main body of film and add ca
pacitance as the applied voltage in
creases. The magnitude of the change
varies widely from capaeitor to capaci
tOl', depending upon the quality of the
silver film. When foil elect.rodes are lIsed
instead of silvered mica, the changes
\vi th vol tage decrease to the order of a
few ppm.

In both air and mica capacitors the
rate of change of capacitance with fre
quency is generally small enough to
require no unusual frequcncy stability
to keep the capacitance uncertainty
small. Only when the frequency of
measurement approaches the resonance
frcquency of the capacitor does accuracy
of frequency become important, so that
standard frequencies are required.

\ TEMP

".
c..c :,.•, c-.oq--- --

tum to CRll when cooled to room tem
perature. This cycle can be retraced as
long as the capaci tor docs not go much
below room temperature. I-IO\\'c\'er, whcn
the eapaeitor is eooled to the low tem
perature, T c, and returned to room
temperature, the capacitance at room
temperature has a new value, eRC, lower
than the initial CRll . Again, the cold
cycle can be retraeed from eRC to ec if
the capacitor does not go far above
room temperature. v\Then the capacitor
at CRC is heated to 'Piland then cooled
to room temperature, the capacitance
may return to the initial value, Cnll.
Uneertainties of the order of 20 ppm
can occur in capacitors that have such
hysteresis unless: (1) large temperature
variations can be avoided; (2) correc
tions can be made from a known charac
teristic curve; or (3) the capacitor can be
nm through a hot cycle before each cali
bration to put it at a known point in the
cycle, such as CRll . l'he source of such
hysteresis is friction in the mechanical

NBS Calibration of Type 1404 Capacitors
A report of calibration of the direct capacitance of these capacitors can be obtained from the

National Bureau of Standards. After July 1, 1963, the accuracy of the report is ± 20 ppm. The fee
(Item 201.10Sa in Test Fee Schedule) is $35.00. For further information please write: Mr. Chester
Peterson, Chief, Resistance ond Reactance Section, Electricily Division, NBS, Washington 2S, D.C.; or
Frank D. Weaver, Acting Chief, Low-Frequency Calibrotion Services, Electronic Calibration Center,
NBS, Boulder, Colorado.
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Connections

The changes in capacitances produced
by the connections to the capacitor can
also be a source of error. These connec
tion errors were described in some detail
in the li.-rperimenler a few years ago. 1

In capacitors with unshielded plug-and
jack connectors, a portion of the cali
brated capacitance is associated wit h
the terminals of both the capacilm and
the bridge on which it is measured.
Small changes in the geometry or in the
en,"ironment of these terminals may PI'O
ducf' capacitance changes as large as
0.1 pL To eliminate uncertainties of this
order, which arc important in accurate
ealibral ions of 1000 pf or less, the termi
nal geometry can, with earc, be defined
and controlled to the required precision.
Or. more easily in most cases, the termi
nal eapacitanccs and thcir uncertaintics
can be eliminated by the use of three
tcrminal capa('itors and three-terminal
measurements.

A NEW REFERENCE STANDARD

.-\ ncw capacitor has been designed to
obtain a standard in \\'hich capacitance
changcs remain small comparcd to 20
ppm \\'itbout the use of unusual carc in
handling, in endronmentnl control, or
in measurement. This is the ncw 'fYPE
1-1O~ Refercnce Standard Capacitor, a
three-terminal, scaled, dl'y-nitl'Ogen-di
eleetri(· capacitor \\"ith direet tapaei
tance of 1000 pf or tOO pf. Sta bility in
this capacitor has been obt·aincd not by
unusual design but b~' the use of a
simple, solid, homogeneous structure of a
single, low-tempcratlue-eocfficient ma
terial sealed in an invarjant atmosphere.

Construction

The capacitor, as shown in Figure 1,
is made up of a stack of round 111\"ar

plates, mountcd on six Invar posts and
spaced from one another by Invar spac
ers. The posts arc mounted on a 74"-inch
thick lnvar baseplate, and insulated
from it by ceramic spacers. 1'his almost
complete usc of In\'ar results in a capaci
tal' whose temperature coetficient of
capacitance closely approximates that
of the lnvar. about +2 ppm;cC.

The usc of a single, !ow-tempel'aLure
coefficient metal makes the coefficient
of thc capaci tor more reprod ucible and
eliminates the differential drift that can
occur when the capaeitol' uses two metals
of higher but mutually compensating
cocfficients.

'fhe capacitor is mounted insidc a
hermetically scaled heavy brass enclo
sure, All electrical connections are made
through glaSS-la-metal seals. Before the
exhaust tube is sealed, the enclosllre is
e\-acuatcd to rcmo\-e waleI' \-apol' and
is fillcd with dry nitl'ogen at atmospheric
pressure. This permanent, positi\'c 8eul-
1 J. F, llcr~h, "A Clo~() Look at Connection Erl'or~ in
Cal)lIcitM,cc :\lelisurClIlCllts," Ge'lerallladi<> !{xperimeliler,
33,7 ,July, 1959.

Figure 3. Panel view of the Reference Standard
Capacitor.



Figure 4. View of capocitor with cabinet removed,
showing the sealed contoiner and the three-terminol

trimmer.

ing in an invariant atmosphere makes
both ('upadtan('e and dissipation factol'
\'irtually independent of cn\'ironmental
(·hangesin pressure,altitude, or humidity,

The sealed capacitor is mounted on a
solid aluminum casting, which is fastened
to the front panel of the cabinet, as
shown in Figure -I. \Vebs in the casting
provide shielding between the two leads
from the capacitor, which arc connect"ed
to two recessed locking Tvpl'; 87+ Co
axial Connectors on the panel. The left
or H connector is completely insulated
from the panel to eliminate ground-loop
troubles when long leads are used and to
facilitate the use of the capacitor as a
dissipation-factor standard. The panel
connectors can be convprt('d to most
other common types of coaxial connec
tors by the use of the appropriate
Typ8 874 Adaptor, and the locking
version of the adaptor can be used 10

make the connection semipermanent.
Also mounted in the \\-eb is a three

terminal trimmer capacitor used to ad
just capacitance over \'er~' small ranges.
The capacit.ance of this trimmer is such a
small part of the total, about 0.0 I%, that
its rA'ect on over-all stability is negligible.
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Stabilization and Test

.After assembly and sealing, each ca
pacitor is subjected to a number of hot
and cold cycles of temperature to sta.bil
i:-:e the structure and to determine the
temperature coefficient and the magni
t.lIde of the hysteresis, The capacitor is
heated to approximately 65 Cor 150 F
(1'11 in Figure 2), then cooled to a room
temperature, Til, of 23 C 01' 73 F and
measured to determine the capacitanc'€'
GRII after a hot cycle. Similarly, it is
cooled to " temperature, 'I'c, of -18 C
Or 0 F, then measured at room tempera
ture to determine the capacitance, CRC'.
after a cold cycle. The hot cycle is then
repeated to return the capacitor to the
capaci tance CIlI1 and to determine the
I'etraceabilit~r of the cycle. The limits
for acceptability are that the cycle re
traces within ±5 ppm and that the
capacitance change at room tempera
ture. J,CR, dops not exceed 20 ppm for
these hot and colel cycles. The capaci
tance ehange from hysteresis is typicall~'

less than 10 ppm. 'rhe ch~1I1ge in capaci
tance at room temperature, t.CR =

GUll - Cur. is the measure of hystpr
c!'.is.

1'he temperature coefficient is deter
mined from measurements of capacitance
made during this cycling while the ca
pacitor is at a known temperature abo\'e
or below room temperature. The C'oeffi
('ient, is, typicall.v, constant within ± 1
ppm;oC over t,he temperature range of
these cycles. The acceptable range of
temperature coefficient is from +0 to
+4 ppm/'C'. The t;'pieal ('oefficient is
+2 ± 0.5 ppm/'C,

The temperature cycling is also a test
for leaks in the hermetic seals, \Yhen
leaks are present, the cycles do not re
trace and the capacitance changes \\'ith
time.

5
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6

Adjustment and Calibration

.-\fter a capacitor has passed the tests
for stability, temperature coefficient,
and hysteresis, the capaeitance is ad
justed by means of the trimmer to make
the measured capacitance very close to
the nominal value of 1000 or 100 pI.
The TYPE 140--1 capacitor, unlike most
previous standard capacitors, can be
adjusted easily with an accuracy almost
equal to the precision of measurement,
which is better than ± I ppm. The meas
urement is made by comparison on a
TYPE 1515-A Capacitance Bridge with
onc of a group of TYPE 1404 working
standards that have been calibrated
from a group of similar reference stand
ards periodically measured by the Na
tional Bureau of Standards. The aCCll

racy of the NBS calibration of these
reference standards is ±20 ppm.

Each capacitor is adjusted at a !'Oom
temperature of 23 ± .L C and a fre
quency of 1000 ± 10 cps to a capaci
tance 5 ppm above the nominal value
with respect to the General Radio refer
ence standards. The adjustment 1,0 a
value above nominal (e.g. 1000.005 pf)
is made because the standard is a little
more convenient for use in bridge cali
bration when it is slightly greater in
stead of less than nominal (e.g. 999.995
pf). Although the precision of adjust
ment exceeds 1 ppm) the uncertainties
of room temperature and capacitor
temperature coefficient add to the ad
justment error, so that the adjustment
accuracy at the stated temperature is
approximately ± 5 ppm.

The final adjustment of eapaeitance
at room temperature is always made
after the capacitor has last been through
a hot cycle to 55 C, so that the capacitor
is at the position similar to CRll in the
cycle of Figure 2.

Stability

After adj ustment and calibration) the
value of the capacitor as a standard de
pends primarily l1pon its stability.

The TYPE 1404 capaeHors show very
small changes with orientation. In typi
cal units the change is less than 5 ppm
when the capacitor is turned in all direc
tions, and any change is reversible. The
acceptable limit of change with orienta
tion is 10 ppm.

The capacitors are relatively free
from microphonics; therefore, the short
term stability is determined mainly by
changes in temperature produced by
environmental temperature changes.
With the temperature coefficient of
+2 ppm;oC, a high degree of stability
can be obtained with only moderate
temperature control. 'Vhen higher sta
bility is required) the capacitor can be
operated in an ail' or oB bath with dose
temperature control, since the effects of
conneeting cables can be made negligible
with thl'€e-terminal connections and
measurements. \Vhen an oil bath is used,
the panel with connectors and trimmer
can bc kept above the oil by the addition
of longer spacers and shielded leads be
tween panel and capacitor; only the
scaled container of the capacitor is im
mersed. The modification can be made
without, change in the calibrated ca
pacitance.

Any reference standard capacitor
wears along with that title an implicit
"Handle with Care" sign. Careful han
dling of the TYPE 1404 capacitors is
always a wise precaution] but it is not
always a necessity because the structure
is not, delicate. Sample capacitors have
been put through impact. shock tests
of from 30 to 50 g with J I-millisecond
durations, and the resulting capacitance
changes have not exceeded 50 ppm and
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kept in mind. The direct or three
terminal capacit.ance at thc terminals of
the capacitor increases with frequency,
primarily as the resulL of the resonance
(in the equivalent circuit of Figure 5)
betwcen the series internal lead induct
ances, L, and the capacitance, CD,
shunted by the ground capacitances, elf
and CI., in series. The effective capaei
tance is C~ C.(l + PI!.'), where C. is
the low-frequency capacitance and Iu is
the resonance frcquency. The resonance
frcqucncies are approximately 161fc for
the 1000-pf TYPE l-lO~.-A and -17 i\[c for
the 100-pf Tn" 1404-B, and the corre
sponding measuring frcquencies, j, for a
capacitance increase of 50 ppm are
113 kc and 332 kc.

When leads are connected to the
capacitor, however, the series inductance
and shunt capacitance of the leads will
cause a capacitancc increasc similar to
and probably larger than that produced
by the internal residuals. Correction can
be made for the etTects of internal and
external residual impedances, but high
accuracy is difficult to obtain with in
creasing frequency_ Capacitors that can
be connected to the bridge terminals
without leads are recommended as stand
ards for frequencies above, say, 10 kc.
Dissipation Foetor and 0 Standard

The losses in the TYPB 1404 capaci
tors are extremely low because the only
effective dielectric in the calibrated di
rect capacitance is dry nitrogen. All the
ceramic insula,tion affects only the ca-

ha\'e, in some cases, been only a few
ppm. The capacitors ha\'e also with
stood equally well those immeasurahlc,
and apparently unavoidable, shock tests
which occur in normal shipment.

Protection from both mcchanical and
thermal shock is provided by the ship
ping container of expandable polysty
rene. The capacitor can be kept in this
attractive plastic case, not only for stor
age and reshipment but also for reduc
tion of thermal transicn1s during labora
tory measurements. T'he thermal time
constant for changes in ambient temper
ature is increased from about 1 hour to
2.5 hours when the metal cabinet is
cO\'cl'cd by the plastic case and cables
are connected thl'ough holes in the case.

The long-term stability (the capaci
tance change with time) of a well-cod
dlcd capacitor is as important as it is
particularly difficult to measure \yhen
the changes may be no more than a few
ppm. :\fany months or years and many
capacitors of the highest stability are
requircd for stability measurement, and
ncither has been available in adequate
quantity for this new capacitor. Present
estimates of long-term drift must be
based upon the intercomparison of a
fe\\" capacitors for the period of a year
or less and upon a few calibrations by
1'\ BS, but the a milable data indicate a
drift rate well within 20 ppm per year.
Data of more significance are now being
accumulated by ::\BS and by the many
standards laboratories which are already
using the TYPE 1404 capacitors and
sending them periodically to KBS for
calibration.
High-Frequency Performance

Although intended primarily for low
frequency applications, the Typ," 1404
capacitors can be used at higher fre
quencies if certain considerations are

Figure S. Equivalent cir
cuit of Type 1404

Capacitors.
Co = 1000 pf for

Type 1404-A
Co = 100 pf for

Type 1404-8

ltHr~L.os .os
vhL L~h

, ,
: Co :

...L- ...L-
'T' ~

30,CI1 CL 1 28
pf : J pI
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pacitances to ground) which are excluded
in a t.hree-terminal measurement. The
loss is low enough to be comparable to
the uncertainties in the calibration of
most available standards of dissipation
factor. The best estimate at present is
that the dissipation factor at 1000 cps
can be maintained below 10 ppm and is
typically less than that.

Because the dissipat,ion factor is very
low and constant in this scaled capacitor,
the capacitor can also be used as a
standard of dissipation factor, for exam
ple, in bridge calibration. The desired
magnitude of D can be obtained by the
addition of loss in the form of a cali
brated fixed or decade resistor in series
or Hl parallel with the capacitor.*

Uses

The primary use of Tyl'>; 1-10-1 capaci
tors is as reference or working capaci
, Dctailed I)rocedure for this usc of the Tn'E 1404 capaci
ton~ may be found in the Ol>cnning Instructiolls for the
T\·pF. 1615-A Capacitance Rridl[C.

Lance standards of the highest order for
the calibratiou of othel' capacitors and
bridges. The high stability should per
mit the accuracy of :'\BS calibrations to
be transferred to other laboratories ,,-ith
uncertainties less than ±20 ppm.

For muny calibrations, such as that
of the Tyl'>; 1615-A Capac-itance Bridge,
either the 1000-pf Typ]; 1.40-l-A or the
100-pf TYPE 1404-13 capacitor can be
used with equal accuracy. There is no
significant difference in quality bet,,-ccn
the two models, but j he difference in
capacitance is useful for some special
purposes, such as the extension of the
precision of the TYPE J615-A bridge.

-JOHi\' F. Hf<1RSH

CREDITS
The d~ign and develoJlmcnt of the THE

1404 Reference Standard Capacitor was carried
out by Dr. Hersh, with mechanical design sup
port from G. A. Clemow, Design Engineer.

- EDITOR

SPECIFICATIONS
Calibrotion: A certificate of calibration is
supplied with each capacitor giving the meas
ured direct parallel capacit~Ulceat 1 kc and at
23 ± 1 C. The measured value is obtained by
a comparison to a precision better t1UlIl ± I
ppm with working standards whose absolute
values are known to an accuracy of ± 20 ppm,
determined and maintained ill terms of refer
ence standards periodically measured by the
:\ational Bureau of Standards.
Adjustment Accurocy: The capacitance is ad
justed before calibration with an accuracy of
±5 ppm to a capaciL'\nce about 5 ppm above
the nominal value relative to the capacitance
unit maintained by the General Radio reference
<:tandards.
Stobility: Long-term drift is less than 20 parts
per million per year. Maximum change with
orient~ltion is 10 ppm, llnd iR completely revers
ible.
Temperoture Coefficient of Copocitonce:

2 ± 2 ppm;o C from -20 C to +65 C.
A measured value with an accuracy of
± 1 ppm;oC is given on the certificate.

Type

Temperoture Cyding:Fol' temperature cycling
over range fmm -20 C to +65 C, hystere<;is
(retraceable) is le;;s than 20 ppm at 23 C.
Dissipation Factor: Less than 10-;; at 1 kc.
Residual Impedances: See equivalent circuit
(F'igure 5) for typical values of internal sel'ies
inductances and terminal cnpncitances.
Maximum Voltage: 750 volts.
Terminols: Two coaxial, locking TYPE 874; easily
convertible to other types of connectors by
attachment of locking adaptors. Outer shell of
one connector i>: ungrounded to permit capaci
tor to be used with external resistor as 3. dis.<;i
pation-factor standard.
Accessories Supplied: Two TYPE 87-:l-C58A
Cable Connectors.
Cobinet: Sealed inner container mounted in
outer lab-bench aluminum case. Easily adapt
able to oil immersion of inner scaled container.
Dimensions: Width 6%, hciv;ht 6%. depth
8 inches (175 by 170 by 205 mm), over-an,
including handle.
Net Weight: 8Y:; pounds (3.9 kg).
Shipping Weight: 12 pounds (5.5 kg).

Code Number Price

8

1404·A Reference Standord Copocitor.
1404·8 Reference Standard Capacitor.

G. S. Patent Ko. 2,548,457.

1404·9701
1404-9702

$225.00
225.00
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THE NEW LOOK IN HIGH-FREQUENCY

OSCILLATORS

The General Radio high-frequency
oscillators have found widespread use
as simple signal sources. They cover a
vcry wide frequency range, and, with
accessory equipment, which includes
modulators) mechanical S\VCCPS, attenu
atol's, coaxial fittings, and a variety of
power supplies, they can be assembled
into more sophisticated systems to mcet
specific needs. Some of these possibilities
are indicated in Figure 2.

To enhance furthcr the adaptability
and cOllycnience of these oscillators, a
redesign of panel arrangements has been
carried out. The IInew look" proyides a
simple uniform package which is readily
attached to any onc of an expanded line
of companion power supplies or mounted
in a standard relay rack. While the
cconomical L-brackct construction that
has become a virtual tradcmark of these
10. P. i\lcCoueh, "A New UI [Ie Si.u:n1l1 Source," General
Radio Experimenter, 35, 3, 1\1/lrch, 1961.
2 E. ](nrp]ue. "The TYPE 1211-C, An Improved Unit
Oscillator," General Radio Experimenter 36. 10, Oowber.
1962.

Figure 1. Panel view of the Type 1209-Cl Unit
Oscillator.

oscillators has been retained, the panels
arc now 7" high and 8" wide, the same
size as the previously announced 'TYPE

1361-A UHF Oscillator (-150 to 1050
MC)I and the TYPE 1211-0 Unit Oscil
lator (0.5 to 50 NTc)'. Figure 1 shows
thc TYPE 1209-0L Unit Oscillat.or. Thc
new models with their frequency ranges
are tabulated on page 12.
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Figure 2. Typicol signal-source systems.
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Tapped holes ncar the four corners of
the front panel permit rigid attachment
to an associated power supply Of, by
means of low-cost adaptor plates, to a
relay rack. The oscillators all have
6-inch precision dials and are equipped
with TYPE 87..l Locking Connectors for
the nF output. The modulation jack is
on the front panel.

Versatile Power Supplies

An outstanding feature of these oscil
lators is the provision for use with any
onc of several different power supplies.

Po\ycr-supply characteristics are fre
quently a determining factor in the per
formance of an oscillator. For such appli
cations as parametric-amplifier pumps,
oscillators must be stable against all
power-line "ariations and free of modu
lation from power-supply ripple. For
these extreme requirements] both plate
and heater supplies should be regulated,
well filtered dc, as in the TYl'E 1267-A
Regulated Power Supply.

Where relati vc freedom from line
transients is required without ultimate
reduction in long-term drifts and hum
modulation, regulated plate supply is
desirable, but unregulated ac may be
used for the heater supply. This need is
met by the TYPE l201-B Unit Regu
lated Power Supply.

For many noncritical applications,
unregulated de plate and ac heater sup-

plies arc entirely adequate and represent
considerable economy. The TYPE 1269-A
Power Supply is of this type.

'fypical powcr-output curycs for the
several oscillators. whcn operated from
thcse power supplies, arc shown in the
specifications.

Other applications rcquire power sup
plies in which the plate-supply voltage is
controllable to modulate or to regulate
the oscillator output. The TYPE l264-A
Modulating Power Supply provides
100% amplitude modulation at high
level by square waves 01' pulses as well
as cw operation. The 'I\'PE L263-B Am
plitude-Regulating Power Supply in
cludes a feedback loop to maintain con
stant oscillator output as the oscillator
frequency is varied. Const.ant output not
only speeds and simplifies measure
ments where the oscillator is tuned man
ually, but is essential wben making
sweep measurements. The TYPE 1263-B
Amplitude-Regulating Power Supply
has an internal l-kc oscillator for square
wave modulation.

The TYPES 1267-A and 1269-A power
suppliest are new items, designed specifi
cally for use with these oscillators.
'I'hey ha\'e a 7-inch panel height, match
ing the oscillators and attach readily to
the oscillator for eithe.· rack or bench
use, as shown in Figure 3. The necessary
hard\mre for attaching oscillator to
t See page 13.

Rack-mount arrangements of a Unit Oscillator with two types of power supply. Figure 3 (felt) shows the
Type 1269-A Power Supply; Figure 4 (right) the Type 1263-8 Amplitude-Regulating Power Supply. For bench

mount, the rack-adaptor plates, shown at the ends of the assemblies, are not used.

10



power supply is furnished with the power
supply. Rack adaptor panels are listed
on page 13.

FigW'e 4 shows how the TYPES 1263-B
and 1264-A power supplies attach to the
oscillator for rack mOlmt. The older
Unit power supplies, TYPES 1203-B and
120l-B, are still available and connect
to tbe oscillator through a plug-in cable,
as shown in Figure 5.

- G. P. {eCoueH

AUGUST, 1963

Figure S. Oscillator with older type of Unit Power
Supply, Type 1201-8.

SPECIFICATIONS

Frequency Control: TYPE 908 Gear-Drive Pre
cision Dials are used on all models. Vernier
drive ratio is 15:1.

Output Power: Output power is shown in tabu
lated specifications. With the TYPE 1263-B
Amplitude-Regulating Power Supply. the maxi
mum useful power output is 20 milliwatts. The
available power is ad<'quate for practically all
laboratory mensurcmcnts with bridges, slotted
lines, admittance and transfer-function meters,
tuned circuits, etc.

Output System: A short coaxial line brings the
output from an adjustable coupling loop to a
locking TYPE 874 Coaxial Connector. The out
put connector is located at the rear of the oscil
lator. Maximum POWCI' can be delivered to
load impedances normally encountered in co
axial systems. Adaptors are available to convert
the TY"..; 874 Connector to any other common
type. These ildn.ptors lock securely in place, yet
are easily removed.

Power Supply: The external power supply should
be chosen from the group listed in the Summary
of Oscillator Power-Supply Characteristics on
page J3. Operation from 400-cycle lines is per
missible with many of these power supplies.

Modulation: Amplitude modulation over the
audio range can be obtained by superimposing
a modulating voltage on the plate supply. A
jack is provided on all GR oscillators for this
purpose. The audio source must be capable of
carrying the dc plate current of the osciUator.
The inexpensive TYPE 1214 fixed-frequency
oscillators are recommended as modulators,
and are usually used in conjunction "ith the
TYPE 1269-A, 1201-B, or 1267-A power supplies.
For 30% a-m, incidental fm in this system is of
the order of 0.01 % at the lower part of the
tuning range, and increases to about 0.05%
at the high-frequency end. Approximately
40 volts acro..."S 8000 ohms is adequate to pro
duce 30% modulation.

Square-wave or pulse modulation can be
obt3.incd on all oscillators, except the TYPE
1208-C, by use of the Typ..; J264.-A Modulating
Power Supply.· All oscillators, except the
TYPE 1208-C, can be square-wave modulated at
1 kc by the Ty"..; 1263-13 Amplitude-Regulat
ing Power Supply.·

For video modulation up to 30% with 5-Mc
bandwidth, the TYPE JOOO-P6 Crystal-Diode
Modulator· cnn be used at carrier frequencies
from 20 to 1000 Mc.Ko tuning adjustments
are rcquircd. This low-level absorption modula
tor introduces negligible incidental fm, but
the output capability is limited to approxi
mately J0 millivolts, peak, into 50 ohms.
Sweep Applicotion: Mechanical sweep at speeds
suitahle fOI' oscilloscopic display can be ob
tained by use of the TYPE 1750-A Sweep Drive.·
The TYl'~: 1208-C is not recommended for
this service because of the sliding contacts in
its tuned circuit.

Slower mechanical sweep for use with Xl'

recorders is possible with the TYPE 908-R96
Dial Drive.·

The TYI'J:o": 1263-B Amplitude-Reguh~.ting

Power Supply is recommended to hold the
oscillator output constant as the frequency is
varied, particularly when mechanical sweep is
employed. It can be used with all these oscilla
tors except the TYPE 1208-C.
Mounting:

Bench Use - Any of the oscillators can be
used on the bench with any of the recommended
power supplies; interconnecting cables aTe
supplied. All oscillator<' and nit power supplies,
except the TYPES 1201-D and 1203-B, are 7"
high and can be attached to ench other with the
hardware supplied to form a rigid assembly.

Reloy ·Rock Use - Any oscillator can be relay
rack mounted together with a TYPE 1263-B,
1264-A, 1267-A, or 1269-A power supply in a
space 7" high. When the TYPE 1201-B Power
Supply is used, separate rack-adaptor panels
are nec~ar:v.

• Consult the latCBl General Hadio catalog for detail~.

(Continued on page 12)
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IV 5 P E C I F I CAT ION 5 (Continuedj

Type Number 1215-C 1208-C 1209-CL 1209-C
Frequency SO to 250 Mr.. 65 to 500 Me 18010600 Me 25010960 Me

Tuned Circuit Semi-Butterfly Variable land C Butterfly Butterfly

Calibration Accuracy +1% +2% ±1% ±1%

Warmup Frequency 0.4% 0.5% 0.2% 0.2%
Drift (typical)

Output into 50 ohms with
120 mw from 240 mw from 320 mw from
SO-215Mc 65 • 250 Me 180· SOD Me

Type 1269·A or 70 mw from 80 mw from 240 mw from 150 row
1203·8 supply 215·250 Me 250 - 500 Me SOD· 600 Me

Output into 50 ohms with
9u mw from 170 mw from 270 mw from
SO-215Mc 65 • 250 Me 180· sao Me

Type 1267·A, 1201.B, 50 mw from 60 row from 200 mw from 120 mw
or 1264·A supply 215-250Mc 250·500 Me 500 • 600 Me

1000 1000 1000 1000

'" '00 '" - Ty'C.L - r- '00
.00 .00 '00 00'

Typical and Guaranteed '00 '00
TYP".L

'"
If: I- .00

Output Power into 50 ohms · c-~ -I.. ~
-V-

" E400~ 400 '00

-'" '-. \
:;; 400 , ,

Upper curves are typical • • •
j 300 3500 3300 -lower curves are guaranteed '00 V - ~I;- 'V' 4:i

.......'1\~~- \ i i \GU"",ANT[[

-- with Type 1269·A -, \ • · v
- 200 >0, _GUARUTH '00 -zoo

(ar 1203-B) Supply , /1 -- --' --.. ,
i I~O

\ I

2"0
,2I ~o '"

1"\
---with Type 1267.A, I

~
1--- G~~NTI:~~

1201·B, or 1264-A- >
Gu.o.RAl'IT££~_ · >· , 00 ;; 100 ·Supply &100 1--- -1-~.\

, ~ 100

-Not For Uie with Type 1208·C.
00

1\" "
" " 00' 200 2~ " .. '00 '00 '00 '00

1I0,!lO 200 )00 4()() aoo GOO "- '00 &00 eoo '000"fREQUENCY IN MEGAClCUS fREQU[NCY IN NEOAClClU fREQVENCY IN M£GACYCLU fREOUENCY IN M£OAClCLU

Panel Dimensions 8 X 7 in. (180 X 205 mm) 8 X 7 in. (l80 X 205 mml 8 X 7 in. (180 X 205 mm) 8 X 7 in. (180 X 205 mml

Depth Behind Panel 7 Y2 in. {190 mm) 7% in. (190 mml 7¥. in. (190 mm) 7 ¥. in. (190 mml

Net Weight 7 Y4 pounds (3.3 kg) 6 pounds (2.8 k~ l 6 pounds (2.8 kg) 6 pounds (2.8 kg)

Shipping Weight 15 pounds (7 kg) 12 pounds (5.5 kg) 13 pounds (6 kg) 13 pounds (6 kg)

Code Number 1215·9703 1208-9703 1209·9933 1209-9703

Price $210.00 $250.00 $285.00 $285.00

U. S. I'n1Cllt No. 2.548.457.
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SUMMARY OF OSCILLATOR POWER-SUPPLY CHARACTERISTICS
Panel

'L'YJJC A ]Jplicufions DC Plate S"upply Heater Supply Width

1267_Al Ultimate stability for c.w 300 v @ 70 rna, regulated 6.3 v dc @ 1 omp, reg 4"

1201_B 1 Relative freedom from 300 v @ 70 rna, regulated 6.3 v ac @ 4 amp •
line transients

1269_Al Maximum output and 380 v open circuit; 300 v @ 6.3 v ac @ 3 amp 4"
1203_Bl minimum cost 50 rna •
1264-A I,~ ,3 100% square wove 200-300 vat 50 rna, reg. 6.3 v ac @ 2.1 amp 8"

and pulse a-m

1263_B2 Amplitude-regulated cw 0-300 v @ 30 rna 6,3 v dc @ 0.5 amp 8"
or 1-kc square-wove
output

1216_AI Hetrodyne detector 300 v @ 30 rna 6,3 v ac. @ 1 amp •
*Clllt Illstnnllcllt Cabllle\..
1:\1ay be operated fro", 4UO-cyc1e slipply. 2Not for lise with Typ," 1208-C Unit Oscillator.
·nc'lui,es adaptor cable wl'{'11 used with TYI'M! 1215-C, 1:20f}-CL. and 12()(j-C Unit Oscillators (Sec latest General nadio
catalo)!).

Accessories for Relay-Rack Mount

The panel oxten~ions listed below can
he readily attached to any of the 7"-high
oscillators, power supplies, 01' oscilla10r
power supply assemblies 10 permit
mounting in a st"and;:JrdI9" relay rack.

r-"--1
f.-6-+-~~-j

l-r---,-;;;;;;;co-i--''-i,
LL---L-_-L---J

Adaptor Plate Set
Type 480-P408 used
to rock-mount a single
8"-wide power sup
ply (Type 1263-8 or
1264.A) or oscillator.

'----" iIr--e---T--s--:q.....
t
7 POWER OSCILLATOO

LLL_,_~_e_,_, --LL__-LJ

Adaptor Plate Set
Type 480-P412 used
to rack-mount an as
sembly of a 4"-wide
power supply (Type
1267-A or 1269-A)
and oscillator.

Adapfor Plate Set
Type 480-P416 used
to rock ..mount an as
sembly of an 8".wide
power supply (Type
1263·8 or 1264 ..A)
and oscillator.

'I'!IlJC Code Numbcr Prier

480-P408 Adaptor Plate Set, for one 8" ..wide instrument
(7" high) .. 0480-9648 $ 8.00

480-P412 Adoptor Plate Set, for assembly of one 8" .. and one
4"-wide instrument (7" high). 0480-9642 7,00

480·P416 Adaptor Plate Set, for assembly of two 8 " ..wide in ..
struments (7" high). 0480-9646 6.00

480-P4UI Relay ..Rack Adaptor Panel, for Type 1201-8 or Type
1203 .. 6 Power Supply only (7" high). 0480-9984 11.00

THE NEW POWER SUPPLIES
To obtain thc ul LimaLe performance

from out' line of Unit Oscillators, the
'fYl'I': 12G7-A Hegulated Power Supply
provides both regulaled plate and hc:\ler
volt-ages. Regulation is sueh that efTects
of line vol t.age all the osei llaJor per
formancc are essentia.lly eliminated. As a
r<'slllt, 1he residual fm of the oseillators

is approximately the same as that ob
tained with battery operation.

A vacuum-tube series regulator is
used for the 300-volt, 7O-ma, dc output
and a transistor regulator for the 6.3
volt, I-a, de output, The vaeuum-tube
regulator shown in -Figure 2 uses a differ
ential-input amplifier to compare the

13
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Olltput voltage against a voltage-refer
ence tube, a cascade amplifier fol' gain, a
cathode follower for maximum band
width, and a series power tube for con
trol. 1'his combination results in an
SO-<Ib reduction of ripple Yoltage and a
lo\\" output impedance over a wide fre
quency mnge.

The regulator circuit for the 6.3-,·0It
de output utilizes three high-gain tran
sistor stages to provide a similar SO-db
reduction of ripple voltage and input
transients. Current limiting at onc am
pere and reduction of the small tempera
ture effects of the transistor and Zener
reference diode are added bonuses for
those \\"ho \\"ould like to use these
ycrsatile supplies for other pur-

Figure 1. View of (f.I/) Type 1267-A Reguloled Power
Supply and (right) Type 1269-A Power Supply.

poses than operating l:nit Oscillators.
The TYI'E 1269-A Po,,·er Supply is a

simple unregulated supply adequate for
many uses of the l;nit Oscillators. It is
similar in electrical characteristics to the
TYPE 1203-B Unit Power Supply.

- 111. C. HOLTJE

SPECIFICATIONS

Add QI8 to type number for 210 to 250 \ohs (see price table) .
• 0 Will Ol>erate any vhf or uhf unit oscillator from -tOO-cyele SUI)pI3' of 103-t25 volts.

Type 1203·8 1269-A 1201·8 1267-A

Input
\

Volts 105 to 125* 105 to 125 0 105 to 125* 105 to 125*210 to 250
Watts Full Load 50 50 90 00
Line Frequency (cps) 50 to 60; can also he opentted fl'Om 400-cycle supply of

110 to 125 volts··
Output (At 115- OJ' 230-volt input)

DC volts 300@50 rna 300
ma (m<\x) 50 70

regulation No load voltnge about 400 ±0.25%
(combined line & load)

ripple, rms, atfullioad (J 20 cps) 80 mv 1 mv

DC volts - - 6.3
amp (max) - - 1

regulation
±O.25%

(combined
line & load)

ripple, nnfol, :It ruUload (120 cps) 1 mv

AC volts 6.3 6.3 -
amp (max) 3 4 -

Accessorht$ Supplied Matin~ plu~ rOr output connector, 3-wire line corel.
inches 5x5:Ux6U 47.(x7%x97.( 5x57.fx6.k1 47.(x7%x9~

Dimensions
mm 13Oxl50x160 11 Ox 195x235 130xl50x160 l1Ox195x235
pounds 5 5% 6 7%,

Net Weight
k~ 2.3 2.7 2.8 3.6

pounds 6 7 7 0
Shipping Weight

k~ 2.8 3.2 3.2 4.1.
14
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Figure 2. Elementary
schematic of the Reg.
ulated Power Supply.

Type Code Number Price

1203·8
1203.8018,
1201·8 '
1201·8018
1269·A
1267·A
1267·A018

Unit Power Supply, 105 to 125 volts .
Unit Power Supply, 210 to 250 volts.
Unit Regulated Power Supply, 105 to 125 vol Is ...
Unit Regulated Power Supply, 210 to 250 volts.
Power Supply .
Regulated Power Supply, 105 to 125 volts.
Reguloted Power Supply, 210 to 250 volts.

1203·9702
1203-9818
1201-9702
1201-9818
1269-9701
1267-9701
1267-9911

$ 55.00
60.00
95.00

105.00
70.00

170.00
180.00

FLASH-DELAY UNIT SIMPLIFIES MOTION
ANALYSIS IN HIGH-SPEED MACHINES

For many years the STROBO'l'AC@

clectl'Onic stroboscope has been a valu
able tool in the development and mainte
nancr of all kinds of rotating and l'ccip-

I"L"~illll: II Photocell Wlwl"(· it. Counts," Generul Radio
EX/Jerlme"ler, a6. 10, October, 1'J62.

Figure 1. The Flash Delay and
Photoelectric Pickoff in combina
tion with the Strobotac® elec
Ironic stroboscope. The Flash De
lay attaches conveniently 10 the

Strobotac.

rocating equipment. Two accessories
greatly expand the uscfulness nf this
stroboscope in the study of high-speed
motion, the new TYPE 1531-P2 Flash
Delay and the TYPE 1536-A Photoelec
tric PickofL'

15
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Figure 2. Sketch showing the use
of reflective tape to produce 0

pulse signol in the Photoelectric
Pickoff. Pulse is then delayed by
the Flosh Delay 10 fire the Strobo.
tac at any desired point in the

rotational cycle.

Tho oombination of pickoff and flash
cl('!ay prm-idcs a convenient means of
synchronizing the STROBOTAC flash to
rotating equipment, even when the
speed of the equipment is irregular. The
flash can be dolayed with respoct to the
pickoff signal so thai the moving object
can be made to appear eompletf'ly
stationary at any point in il s rotation
cycle.

\\Then a moving object is observed
unclcl' stroboscopic light with the flash
ing rate determined by the stroboscope's
internal oscillator, slight yariations in
the speed of rotation will causc the mov
ing object to appear to rotate slowly.
Continua.l adjustm('nt of the flashing
rate is then rcquired to obtain a station
ary image at a particular point in the
cyolo.

If a small picce of reflective talX" is

pla.ced on tlw rotating objPct, 3S shown
in Figurp 2, it i.:; pos.'5ible to obtain from
til{' photof'lC'ctric pickoff a. signal which
is synchronous with the rotation, regard
less of speed. By means of the flash
delay, an adjustable time delay can be
introduced between the pickoff and the
stroboscope, SO that the stroboscope can
be made to flash at any desired position
of the rotating object. By continually
varying Lhp time delay, the LIseI' can
obSC'J'vr the object at all positions during
a cycle of rotation. Small speed varia
tions ,,"ill not affect the image. If the
sperd varies \YidC'ly, the reflective tape
can be placed just ahoad of the desired
viewillg point so that only a small time
delay will be required.

The photoelectric pickoff does not
mochanieally load the rotating equip
ment and can therefore be used on very-

I
SINOlE 1LUH

INPUT

INPUT

IIUH
PULSE

T1 .. IHli
CIIICUIlS

{UN1.UNCTION

TII.N$ISTOII
AND IIC

HETWOII~1

NULTlPL[
OUTPUT

Figure 3. Functional block diagrom of the Flash Delay.
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Figure 4. The Clclion of cClm follower$ CCln be eCl$ily eXClmined with the Strobotoc·FICI$h Deloy combinotion.
The$e photogroph$ $how the bounce of CI com follower ot high speeds. The com is rototing counterclockwise.

low-power devices such as rclays, me
chanical choppers, ctc. The pickoff, with
a timc constant of approximately 200
JlSf'C, can be used with equipment. rotat
ing at speeds in the hundreds of tbou
sands of rpm.

The TYPE 1531-P2 Flash Delay makes
possiblc singlc-flash photographs of ro
tating cquipmenl. at any desired posi
tion in its cycle. 'rhe single flash of the
STH0130TAC is synchronized both with
thE' time the camera shuttpr is open and
with the desired position of thp rotating
objcct.

Description

The Typ E 1531-1'2 Fla,h Delay was
drsignrd primarily for usc ,Yith the
TyPlO 1536-.'1. Photoelectric Pickoff. l It
can be triggered, however 1 by any trans
ducer that will generate a positive elE'c
trica! pulsc of at Icast 0.3 volt. The
block diagram of Figure 3 shows that
the flash delay con:-:ists of a prpamplifier,
a Schmitt-circllit pulse shaper, a time
delay gC'neralor (consisting of a flip
flop, a llllijUllctioll transistor and He
network), and an output stage. Each
trigger pulse from the Schmjtt circuit
starts a delay cycle. \rhen the voltage
across a capacitor in the HC circuit
reaches approximately 9 volts (one-half
the 18-volt charging voltage), the uni
junction transistor fires, discharging the

I Lnc.cit.

capacitor, rcsctting the delay flip-flop,
and scnding a pulsc to the output
amplifier.

Thcre are three delay ranges available.
Rnnge 1 allows an adjustment over 360
degrees for rotational speeds of 6000

Figure S. A typicol Clpplicotion in the textile field;
observing tope Clnd filling.corTier behovior of 0

Droper DSl shuttle less loom. Speed of the filling CClr
rier is 274 picks per minute. The Flo$h Deloy mokes it
pouible to observe the filling-corrier ot ony porficular
point on its path. Synchronism with loom is occom
plished with the Type 1S36-A Photoelectric Pickoff
locoted neo, CI rim connected 10 the mClin power shaft

and shown at the bot/om of the photogrClph.

17
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Figure 6. Study of thread behavior in high-speed sewing machine. Mgchine speed WgS 5000 stitches per
minute; hook speed was 10,000 rpm. Photograph at left shows setup using Linhol'f 4 x S with Polaroid film,
Strobotoc with aHached Flash Delay, Gnd sewing mgchine (the base of which is cut t1woy to expose the parts
underneath). Center and right photographs show the bobbin and hook action on thread at a specific phClse

selected by means of the Flash Delay. PhofogfOphs courtesy of The Singer Company.

rpm or higher; range 2 provides the
360-degree adjustment for speeds be
tween 600 rpm and 6000 rpm; range 3
is used for speeds below 600 rpm and
for special applieations in which a delay
as long as 0.8 second is required.

For single-flash photography, the
output pulse from the delay circuit goes
to a Rip-flop gate circuit instead of
directly to the output stage. If the x con
tacts of a camera shutter are connected
to a jack on the flash delay, their closure
will make the gate circuit conduct, and
the next synchronized, delayed pulse
will pass to the output stage. After this
one pulse passes, the flip-flop gate will
reset and again become nonconducting.
The flash delay, therefore, allows the
first synchronized pulse occurring after
the camera shutter opens (x-contact
closure) to trigger the stroboscope.
Synchronism is thus obtained with both
the shutter opening and the desired po
sition of the rotating object. It is neces
sary to set the shutter speed so that the

shutter will be open for one complete
rotation cycle.

'The flash delay is housed in an alumi
num case with bracket which clips
directly to the STIWBOTAC electronic
stroboscope to make a convenient, com
pact assembly, as shown in Figure 1.
Applications

The TyPE l531-A S'rROIlOTAC@ elec
tronic stroboscope with the TYPE 1531
P2 Flash Delay and the TyPE 1536-A
Photoelect.ric Pickoff has wide applica
tions in the development, test, and main
tenance of all kinds of moving machin
ery. The textile, automotive, machine
tool, and business-machine industries
are only a few of the many that will find
this combination an invaluable tool.
The ability to obtain single-flash photo
graphs at any desired position of a mech
anism further enhances the value of
these instruments. Figures 4 through 6
show a few of the applications of this
versatile stroboscope assembly.

- ]\11. J. FITZMORRIS

SPECIFICATIONS

18

Time-Deloy Ronge: Approximately 100 micro
seconds to 0.8 second in three ranges.
Output Pulse: Better than 13 volts available for
triggering the TYPE 1531-A Strobotac® elec
tronic stroboscope.

Sensitivity: As little as 0.3-volt input will pro
duce sufficient output to trigger the stroboscope.
Inputs: Phone jack for triggering; jack for
camera synchronization.
Power Requirements: 105 to 125 (or 210 to 250)
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5 P E C I F I CAT ION 5 (Cont)
volts, 50 to 60 cps. 5 watts with TYPE 1536-A
connected.

Accessories Supplied: Trigger cable, phone-plug
adaptor, and lcather carrying casco
Accessories Avoilable: TYPE 1536-A Photo
electric Pickoff.

Type

Mounting: Aluminum case with bracket whicb
clips directly onto the S'I'R0130TAC electronic
stroboscope.
Dimensions: 5ys by 37$ by 3% inches (135 by
86 by 96 rom).
Net Weight: 2 pounds (1 kg).
Shipping Weight: 5 pounds (2.3 kg).

Code Number Price

IS31·P2 Flosh Delay. 1531-9602 $160.00

MEASURING SURFACE SPEEDS

figure 1. View of the Surface-Speed Wheel, showing
the two speed discs and the sectional shaft.

The t'TROBOTAC@ electronic strobo
scope, widely used for the measurement
and analysis of rotary, reciprocating, and
other repetitive motions, can now be
used for speed measurement of straight
line motion. 'The new TYPE 153]-P3
Surface-Speed Wheel accessory makes
the STHOBO'l'AC dial direct readin[J in feet
per minute for measurements sLich as the
following:

Lineal speeds of metal strip, textiles,
paper, wire, plastic films, conveyed
material, etc.

Slaface speeds of processing rolls,
machine-tool cutting or grinding opera
tions, drums, belts, webs, pulleys, etc.

Belt slippage on drums and, especially,
hetween belts on multiple-belt pulleys
to avoid unequal load distribution and
exceSSIve wear.

Description

The new accessory consists of two
wheels of different sizes mounted on op
posite ends of a three-section, stain!ess
steel rod. The smaller wheel, with a di-

ameter of 0.764 inch, is beLter for slow
surface speeds, while the larger wheel,
with a diameter of 1.910 inch, is best
suited for higher surface speeds. How
ever, their useful ranges have a large
amount of overlap, where the choice of
which one to use can be based on acces
sibility. 'T'he range of surface speeds with
the smaller wheel is 10-2500 feet per
minute, and the range of the larger
wheel is 50-12,500 feet per minute.

Operation

Operation is extremejy simple. One
of the wheels is simply allowed to ride on
the surface whose speed is to be meas
ured, and the wheel's image is "stopped"
by menns o[ the stroboscopic light beam,
after which the surface speed in feet per
minut.e is read direct.ly [rom the dial o[

Figure 2. Meosuring belt speed with the SurfcJCe
Speed Wheel.

19
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the STIlOBOTAC. The fact that only the
wheel has to be close to the surface
whose speed is to be measured means
that measurements can be macle in
Hclosc quarters." The light from the
STRonoTAc can penetrate well into the
interior of machinery, and it is possible
to build the wheel into such machinery
if regular measurements mllst be made.
For a built-in wheel, a 'lpLish-Lo-engnge"
level' is recommended in order to save
\w'ar on the wheel when a measurement
is not actually being macle.

'l'ho combination of the STROBOTAC

electronic stroboscope ,,"jth the surfacc
speed wheel pl'oYidcs an extremely sen
sitive indicator of small variations in
liBrar speed and of difTerences in speed
between two or morc surfaces lut\-ing the
same nominal speed. A fraction of an
rpm is promincnlly indicated whcn the
speed of the wheel cha.nges.

- IV. R. TIIURSO'OX

CREDITS
The 'j'Yl'f: 1531-P3 Amf:\(,(,-Spf'c(l \Vheel

\\'I'\.S dpsiglwd h.\' H.. A. )'Iortcnson of ).fcchani-
c:d Design Croup. - 1·;D,·roH

SPECIFICATIONS
Accuracy: The ba.<>ic acrura.cy of the STROBOTAC smn.lI whecl and 50 to 12,500 feet per minute
electronic ~troboscope is 1% of reading; an with large wheel.
additional 0.5% must be added to account for Dimensions: Wheels arc 0.764 and 1.910 inches
errors in the diameter of the wheel, g-ivinJ?: in diameter, respectively. Sh:\ft totals 20 inches
an over-all accuracy of mea.<:.urement of 1.5% in length.
of reading for surface speed over the entire
range of measurement. Net Weight: 8 ounces (0.3 kg).
Speed Range: 10 to 2500 feet per minute with Shipping Weight: 2 pounds (I kg).

Type

lS31·P3 Surface·Speed Wheel ................•.

('ode .VlImber

1531-9603

Price

$15.00

MONTREAL

SALES

ENGINEERING

OFFICE

R. J. Provan

General Radio's new :\Iontreal Sales
Enginccring Office opcned August 1,
1963, just six years aftcr the opening of
OUI' first Canadian officc in Toronto.

The new office is operating as a branch
of OUI' TOl'Onto office to provide better

coveragc and scrvice fol' customers in
Qucbec and the l\faril,imc Provinccs.
Thc l\lont"rcal office also COVCI'S Ottawa,
although Go\"ernmcnt tcnders should
slill be directed to Ihe Toronto office.

H. J. Provan is in chal'ge of the ~Iont

real office, with :'Iliss Beverley Gliddon
as his secretary. Dick Provan, \\·ho has
been at our Toronto office since its
opening, is well known to Canadian
engineers and scientists, haying had ten
years' experience selling Gencral Radio
products.

The ~[onlreal office is located at
Officc 395, 1255 Laird Boulm·ard, Town
of Mount Ro.va.!, Qucbcc, telephone
737-3673.
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NEW PERFORMANCE, NEW CONVENIENCE

WITH THE

NEW SOUND AND VIBRATION ANALYZER

The TYPE 1564-A Sound and Vibra
tion Analyzer is designed primarily for
the froC] lieney analysis of acoustic spectra
having components in the frequency
range between 2.5 cps ~lnd 25 kc. It in
corporates many important improve-
I J. J. Farun, Jr., "A New Analyzer for Sound and Vibra
tion," GtIleral RadiQ Rn,erimelller, 33, ]2, December,
IDSO.

ments over its predecessor, the TYPE

1554-A, I whieh make it more useful and
easier to operate.

Two bandwidths are provided, each a
fixed percentage of the frequency to
which the analyzer is tuned. The ono
thil'd-octavc bandwidth is useful ,,-jth
moderately varying continuous spectra

Figure 1. Panel view of
the Type lS64-A Sound
and Vibration Analyzer
in flip-Tilt ((Ise. with

cover removed.
Also shown is Ihe Type

lS60·P4 PIT Micro.
phone Assembly.
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(noise). The one-tenth-octave bandwidth
can resolve sharply varying continuous
spectra or discrete frequency compo
nents. The center frequency in each case
is continuously tunable. In addition, a
flat (ALL PASS) amplifier response pennits
measurement of the over-all level of the
input signal. The analyzer can operate
directly from a transducer (microphone
or vibration pickup) or, for greater
sensitivity, from the output of sound
level and vibration meters. With the
TYPE 1521-A Graphic Level Reeo,·der,2
it forms a recording analyzer for auto
matic amplitude-frequency plotting.

Equally at home in the laboratory or
in the field, the analyl';er is available in
the convenient Flip-Tilt case, weighing

! 1\1. C. Boltjc and -ro.L J. FiLl.morris, "A Graphic Level
llecorder with High Sensitivity and \Vide Bangcs,"
General Radin Experimenter, 33, 6, June, 1959.

I(>ss than 15 poundS, or in a rack-mount
adaptation. It can be powered by either
a 115/220-volt line or by the internal,
rechargeable nickel-cadmium battery.

It can also analyzc electrieal signals,
and an aceessol'y audio-frequency probe
is available to facilitate connection to
circuit elements.

CIRCUIT

Figure 2 is a functional block dia
gram of the TyPE 1564-A Sound and
Vibration Analyzer showing the three
basic scctions: preamplificr, filter, and
output amplifier.

Preamplifier Section

The prcamplificr section servcs to
adjust the amplitude of the input signal.
The step attenuators are controlled by
the knurled outer dial of the coaxial

Figure 2. Functionol block diogrom of the ano!y:z:er.

OUTPUT

SECOND

FILTER SECTION

ATTENUATOR
(8AND-LEVEL KNOB)

0-IO-20db

ATTENUATOR

p~',-..,(BAND-LEVEL DIALl!----jr--I
O-IOdb

ATTENUATOR
(8AND·LEVEL KNOB)

0-10 db

ATTENUATOR
(8AND-LEVEL KNOB)

0-10-20db

o 10-20 30 db
FOR ALL-PASS

FIRST
FILTER SECTION

INPUT ATTENUATOR
O:::-'1~_.j(eAND-LEVELDIAL)

0-20-40db

2
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Figure 3. Elementary schematic
of the

filler sections.

f----
12db/OCTAVE ~

12 dblOCTAVE

CLOSE FOR
1/10 OCTAVE

FIRST ~ILTER SECTION SECONO FILTER SECTION

InXD LEVEL control (sec Figurc 1). The
panel CA L control adjusts the gain over it

nlnge of 12 db and is used to calibratc
thc instrument to read directly in volts,
sound-pressure level, 01' other appropri
ate units. The amplifier at the input uses
a ficld-effect transistor to provide thc
high input impedance and low noise
needed for operation with pipzorlrrtric
transducers.

Filter Section

The filter is synthesized as an isolated
cascade of two resonant (second order)
sections. The resonant frequencies of the
sections are staggered about the selected
center frequency to produce a filter with
a noise bandwidth of one-third octave.
To obtain a one-tenth octave response,
the sections arc synchronously tuned.
Figure 3 is a functional diagram.

Capacitors C1 through C6, switchf'd
by the .FHEQUEKCY~IULTIPLIEncontrol,
determine the tuning range. The fOllr
rcsistors (R) are adjusted simultaneously
by the FREQUEXCY control to span the
ten-to-one range selected. Frequency
responses that are mirror images of each
other result from interchanged place
mcnt of resistors and capacitors for the
two sections. A symmetrical over-all
filter response is thus obtained.

Filters similar to these have, in the
past, required very close-tolerance, stable
components to maintain a stable trans
mission. In a tunable filter, this necessi
tates close tracking between the tuning
components, a requirement that is dif
ficult and costly to achieve. For the
circuit configurations given in Figure 3,
there are an infinite number of solutions
for component values that will yield the
desired transmission. It can be shO\\"I1,
however, that when thc instabilitie:::
(tracking errors, tolerances, and aging
effects) of nil circuit parametcrs are con
sidered, there is only one solution that
·will yield both the desired transmission
and m.inimum drift. The peak trans
mission of a filter section in the TYPE
15G4-A Sound and Vibration Analy.zcris
about 3.5 times less sensitive to tra('king

,.
0/, °/0 0/~

Figure 4. Filter response characteristics.

0

,\\
I, 1\ \-t OCTAVE

0

II \\
0
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0
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4

errors than it would be if, for cxample,
both the rcsistors and the capacitors
had equal values. This design accounts
in part for the small size and low weight
of thc analyzer, since it allows small,
relatively simple potentiometers to be
used for tuning. It has also made possibiC'
an improved tolerancc on the uni
formity of peak response (sec Spccifica
tions). Figurc 4 shows the filter n~sponse

chantcteristics.

Output-Amplifier Section

The output amplifier consists of a
cascade of amplifiers and attenuators,
which ultimately drive the dctcctor
meter circuit and provide a one-volt
output signal, corresponding to a full
scale mcter indication. The output
signal is supplied from an isolating
amplifier so that thc load has no effect
on analyzer operation. The detector
meter circuit is driven by a push-puB
amplifier to cnsure high linearity and low
temperature drift. T'he dctcctor charac
teristic3 is essentially rms for all wave
forms except low-duty-ratio pulses.

Three detector averaging times are
availablc. They ensure that the uscr
will not bc burdencd with either a slo\\'
acting meter when analyzing at high
frequencies or with a widely fluctuating
meter when tuning noise signals at, low
frequcncics. The two fastcr speeds satisfy
the ASA speeifieation for "General Pur
pose Sound Level 1Vleters." The slowest
speed gives the meter rise and fall
characteristics analogous to those of
simplc resistancc-capacitance nctworks.
Hisc and fall timc constants for this
speed are two and six seconds re
spectively. Detector speed is d(~pendent

~ E:. E. Gross, "Impro\'cd Pcrfoflllancc Plus a xc,," Look
for the Sound-Level i'deter," General Radi.Q t.'xperilnl:rlter,
32, 17, October, 1958.

BANDWIDTH
SWITCH

INPUT

Figure 5. Switching arrangement for the meter
circuit.

on thc scttings of thc BANDWIDTH and
FRf~QUf~],\CY ~'1ULTIPLTEncontrols, as well
as on t,he setting of the panel FAS'l'-SI~OW

switch, Figure 5 shows the interconncc
tion of thcse panel conkols.

The stcp attenuatol'S in the output
amplifier scetion, and also the one
between the filtcr sections, are oper
ated by the BAND LEVBL knob (inncr
contJ'OI) and are used to set the level of
the frequency componcnt to \\'hi('h the
filter is tuncd,

Power Supply

1'he power supply permits eil.hcr bat
tery or line operation. 1'he battery is
a l'cchargpable nickel-cadmium unit,
which also serves as a ripple filter for
line operat,ion. \Vhen the line voltage
is interrupted, the baLtery automatically
takcs over. A fully charged battery
permits the analyzer to be operated for
about 25 hours; fourteen hours are re
quired 1'01' eharging.

Calibration

A fcedback-typc calibration circuit
similar to those lIscd in other GR
sound-measuring cquipment is used in
thc TyPE l5M-A Sound and Vibration
Analyzer. To amplitude-calibrate the
instrument, t,hc output is connected to
the input through a limiter and eali
bratcd attenuator. When the gain is
adjust,(-'d to rqual the known loss in the
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Figure 6. SubCludio sound spectrum measured in
a quiet office.

Use with Microphone

The 25-megohm input impedance of
the llew analyzer, coupled with its high
sensitivity, allows pici'.oelectric tmns
ducprs to be connected directly to the
IXPl;T.

For analysis of sound spectra where
band-pressure lo\·ols exceed ,1.+ db, a
TYPE J560-P3 or -P4 PZT:\ licrophonc' is
recommended. 'These microphones ha\"c
identical response chHrHetf'ristics. The
TYP'; 1560-P4 indudes a short, flcxible
conduit for mounting the InicrophOl1P
on t he instrument. The -P3 model can be
plugged directly into thp :1I1alyzer or used
wilh tho Typ,; 1500-1'34 Tripod and
Extension Cable. \,"hen tonneetf'd to thc
analyzer, the microphone has a responSf'
lhal is ossentially flat from 20 cps 10 8
kc; the lo\\"-frequcncy end is limited only
by the input time constant (product of
microphonc capac'itance and analyzC'r
input rcsistance) for frcqllcntips abo\'c
2.5 cps..For thr mraSUl'cmf'nt of sub
audio sound spcctra, somC'times of in
tcrest in connection with jet ail'craft and
missile tests, a capa('i!or can bc eon
nrctf'd ael'Oss t}w n1icrophonC' trl'minal::;
to cxtf'nd the low-frrqurncy range as
dc:;;ircd. \\"hen Irvrls arC' not suffieiently
high. the microphonC'-{"upueitor com
bination can be uSC'd to dri,"C' tlw TYPE

1553-A Vibration ~rrtcr/' which in turn
drh'cs thc analyzcr.* Figurc 6 shows a
subaudio spectrum mrasll1'f'd in a quiet
officC'.

Vibration

(,'or analysis of accclcmtion spcdra in
the frequency range from 2.5 cps 10 I

• W. B.. Kundert, ".\"cw, COIl,pnct, Octave-Band :\n_
ulyzel'," Ge'ler(l1- RadiQ /·:.f!erimellfer. 36. 10, October,
lQ62.
~ I::. E. Cross, .Jr., "The TYPE Ib.'j3·,\ Vibration :\Ieter."
GfJ/ltralllfU/iQ Experimt:llttr. 35,11, Xovernber, 1961 .
• The yibration meter, rather than the 8Ound-Ie\'el meter,
it Ilsed heelluse of its better low-frC(lllency reSj:lOl\-'C.

"4.0 5.0 ~3 lO 10 IZ.5
'RE;CU(NCY IN c¥c~tS _ER SECONO'"
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1/ '\
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feedback path, the syslem oscillales.
The frequency of osejllat ion is deter
mined by tbe fillor. Tho analyzer can be
calibrated when the B.\XDWIDTIl is set
to 1/10 OCTA YEJ 13 DC-fA "E, or ALL

PASS. For ALL PASS calibmtioll, it I-kc
filter is included in t he calibration
network and dctcrminC's the frequency of
oscillation. The loss in the feedback
network is adjustable by mrfins of an
internal control calibra.ted in terms of
microphone sensitivity. An additional
I'cI'CI'C'!1CC point pl'QvidpS fol' a calibra
tion dil'C'ct rcading in \'oll-s.

APPLICATIONS

The TYPE 15G,1-A Sound and Vibration
.\nalyze)' fills thp gap between the simple
octaw'-band noise analyzer and narrow
band a.nalyzcrs that supply more de
tailpd information but \dlOse operation
is more time con~uming. Although the
octave-band analyzer yiplds ample data
for rnany purposes, a. elosel' look at the
spectrum is often nC'ccssary. This is
C'sprcially trlle wl1l'n thc analysis may
lead to expensive modifications of the
objcct under test. TTpre, t!1P sound and
vibration analyzcr helps to identify the
various sources of the noise SO that effec
ti,"c ('oITf'din' mC'asurC's can bc taken.

5
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kc, thc TYPE 1560-P52 \'ibratioll Pick
Up6 is recommended for usc with the
analyzer. This combination measures
band levels from 0.0007 to 100 g, rms.
For lower-level measurements, the vi
bration metor is recommended as a pre
amplifier. High-frequency \·ibrat.ion pick
ups can be used t.o extend the upper
fl'equency limit to 25 kc.

Electrical Noise

The TYPE 156-l:-A is lIscful for ana
lyzing the noise voltage produced by
amplifiers, tllPC recorders, semicon
ductors, and other electronic devices.

Bands of noise can be generated fol'
transfer and reverberation studies when
the analyzer is driven by a THE ]390-B
Random-):oiS<' Generalor. 7

Wove Analysis

TheTYl'E I5li4-A Sound and \'ibmtion
Analyzer can also be lIscd as an analyzer

IE. E. Gross. Jr., "Kew PZT Ceramic \'ibration Pickup
and Control Box for Yibration ),(easurements." G~'l~ral

Radio Experimenter, 36. II, KO\'Clllbe,', 1002.
1 A, P. G. l'ctcrsOll. "A Kew Gcnerntor of HandOIll
Noise." Genera/Hlldill Kr1Jerillli'nter, :!ol, 1. ,January, 1900.

Figure 7. The Audio-Frequency Voltage Probe is
supplied with a variety of probe tips.

for periodic electrical signals. A TyPE
1560-P-l1 Audio-Frequency Voltage
Probe (Figure 7) is avuilable 1'01' con
venient connpetion to high-impedance
sourcrs. The probe, at the end of a 40
inch length of cable, presents to t.he
source under test Hn impedance of 25
megohms in parallel with 20 1'1. It inserts
a 2O-<lb loss ahead of the analyzer so
that tbe range of full-scale sensitidty
becomes 3 millivolts to 300 "oils.

Automatic Recording

Continuous, unatt,cndcd, a.mplitudC'
vS-fl'cCJllcncy l'PCOl'ding in conjunction

6

Figure 8. Either model of the Analyzer, rock or portable, can be combined with the Graphic
level Recorder,
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.......................... 0' 0" 1> .... y._

figure 9d. Voltoge spectrum generated by the oboe stop of on electric organ at C5 (523 cps). Note the
presence of the fifth, sixth, and seventh harmonics of the 60.cycle power.line frequency C1nd the pro

nounced 1SOO.cycie formant frequency.

wilh the TyP>; 1521-A Gruphic ),o\·el Re
corder is made possible' by a.n automatic
range-changing dCYicC'. Aftol' each revolu
t ion of the main Jo~nEQtiEl'\CY dial (a
frequency span of ten to one) the FRE

QUE~CY :\IULTIPLIF.;n control (see Figure
1) aclnll1CeS one position. \Yhen the
tuning control is dri\'cn continuollsly by
the recorder, the analyzer sweeps rc
peatedly through its C'ntirc frpqucllcy
range. Both the FIlJ.::QUE;\,CY dial and the
chart produced by th(' recorder have
logarithmic frequency scales. i\fanual
operat ion is simplified by a detent, device
which can be f'ngaged by a panel control
10 locate til(' dial at til(' ASA-preferred
one-thil'd-of'tavc frf'quNH:ics or, option
ally, at any series of frf'quenciC's related
by one-third oeta\"c.

Automatic plotting of one-third-octa\"c
and narrow-band data has become al
most standard practice. The reasons for

t his arc obvious. D£Lta can be nccul11u
lated in a small fraelion of the tinw
required for manual analy:sis and wit h
much If'sS chance of errol'. Figure 8
shows analyzer-recorder combinations.
Chart paper, TYPE 1521-9-1-93, pC'rmits £1

continuous amplitudC'-frequcncy plot
from 25 cps to 25 kc. The automeLlic
ra.nge-l'hanging df'yicC' in thC' analyzrr
operatC's when the tuning potentiomC'tf'r
is in its "dead" I'rgion. During this
prriod tIll' signal path i:s shortf'd, ~o that
grncratf'd transients will not rC':1C'h tll('
Olltput terminals and 11)(' I'('eordcr pen
]'('turns to low 8(:ale. T'hc chart pro
ducC'd has an activC' lC'ngth of 7.5 inches
PCI' dcc'adf' and a total Irngth of 9 inc'hes
per drcadp. Figure 9 :;hows sew'ral
('harts rnacle \\"ith a l'C'rordrr-anal~"zf'r

combinntion.

-'\". n. KUKDERT

SPECIFICATIONS

8

FREQUENCY

Ronge: From 2.5 cps to 25 kc in four dec:lde
ranges.
Diol CCllibrCltiCln: Logarithmic.
Au:urClty of CCllibro'iCln: ±2% of frcquency
dinl setting.
Filler ChorCltferis'itS: Koisc bilndwidth is either
1/3 octave 01' 1/10 octave,

One-third-octave chamcteristic has at least
30-db attenUILtion at one-half and twice the
!'elected frequency (see plot). One-tenth
oct:we chamctcristic has at least 4o-Jb attenu
:ltion at one-half and t.wice the selected fre-

quency. C1timnte attenUt\tion is p;rcnter than
70 db for both characteristics.

For hoth handwidths pCt\k response i,<: uni
form ± 1 db from 5 cps to 10 kc and ± 1.5 db
from 2.5 cps to 25 kc.
INPUT
ImpedClnte: 25 megolun:; in pamllcl with SO pf
(independent of attenuator f'ctt,ing).
Vol'C1ge Ronge: 0.3 millivolt to 30 volt." full
scale in lO-db steps.
OUTPUT
Voltoge: At least 1 volt open circuit "'hen
meter rcads full i"cale.
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Impedance: 6000 ohms. Any lond C:tll be con
nected.
Meter: Three scales, 0 - 3 volts; 0 - JO volta;
-6to +10 db.
Recarding Analyzer: Automatic range switch
ing :\.t the end of each frequency decade allows
clonvenient continuous recording of spectm
with the TYPI<J 1521-A Graphic Level Hecol'der.

GENERAL

Amplitude Calibration: Built-in, feedb:lck-typc
cnlibration system permits :unplitude calibra
lion at any frequency.
Detector: Quasi-rms with three lwcmging times.
Faster two ~peeds conform with ASA st3nda.·d
for sound-Ievcl meters.
Power Requirements: Open\.tes from ]]5 (or
230) volts, 50-60 cps, or from nickel-cadmium
battery supplied. Battery provides 25 hours of
operation when fully charged and requires
14 hours fot' clul"rging.

Accessorie5 Supplied: TYPE CAP-22 Power
Cord, shielded cable, :wd THE 1564-2020
Detented l\:nob :wd Dinl Assembly.
Accessories Availoble: TYI'E 1560-P4 PZT
Microphone Assembly 01' TYl'f; .1560-P3 PZT
Microphone for' direct acoustic pickup; TYI'F:
1560-P52 Vibration Pickup for solid-borne
vibrations; TYI'~~ 1560-P41 Audio-Frequency
Voltage Probe for voltage me:lsurements.
Cobinet: Flip-Tilt; .·elay-rack model also is
:1Vailllble.
DimeMions: Portable model, case closed
width IOU, height Sys, depth 8 inches (260 by
210 by 205 mm), over-all; rack model- panel
19 by lO.!.-z inches (485 by 270 mm), depth
behind panel 6 inches (I55 mm).
Net Weight: Portable model, 147'2 pound~

(7 kg); rack model, 157'2 pounds (7.5 k~d.

TYl'E 156O-P41, U pound (115 grams).
Shipping Weight: PortlLble model, 23 pounds
(10.5 kg); l"itck model, 30 pounds (14 kg).

Type Code Number Price

1564-A Sound and Vibrotion Anolyzer. Portoble Model.
1564-9820 Sound and Vibrolion Analyzer, Rock Model ..
1560-P41 Audio-Frequency Voltage Probe.

L:. S. Patent ;'\08.3,012.197; Dt87,740; nnd 2,966,257.

1564-9701
1564-9820
1560-9641

$11S0.OO
1150.00

45.00

IMPROVED COAXIAL TERMINATION

New 50-ohm terminations, the 'I'YPEs

874.-W50 and -W50L, replace the TypIC
87-!-\VlVL I'hese ncw tcrminations, iden
tical except for the type of eonncctOl"
used, arc morc accuratc than their pred
ecessors, and they have n. )0\\"('1' stand- Figure 1.

ing-wavc rat io and a higher po"·er rating.
Figure 2 is a plot of sblnding-wan:' ratio.

Both arc equipped with TyPIC 874
Coaxial Connectors, THE 874-\\"50
with the non-locking vl'l"siol1, 'I'YPE 874
W50L with the locking type.

DC Re5i5tance: 50 ohms ± 0.5%.
Maximum Power: 2 watts continuous.
VSWR: Less than 1.06 at 4 Gc; see curve.
Net Weight: Ty...: 874-W50, 27'2 ounces; Ty»lo;
874-W50L, 3 ounces.

762 3 4 5
FREQUENCY GC

Figure 2.
VSWR of Type 874.WSO.

I
I /

SPECIFICATION /'
"-

1/-- ~- V TYPICAL

I

1.16

1.14

1I2

1.10
~

~ 1.08

> 1.06

1.04

1.02

1.00
0

Type Code Number Price

174-WSO SO-ohm Terminotion. . .
174-W50l SO.ohm Terminotion (Locking Canneclor).

U, S. Patent Xo. 2,548,457

0874·9952
0874-9953

$18.50
19.50

9
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NEW CONNECTORS, NEW ADAPTORS FOR

THE 874 LINE
CONNECTORS

A set of connectors to fit RG-IU/U
1/JO-inch cablc, a panel feed through
connector, and a set of adaptors to
.\1icrodot conncctors are thc latcst addi
tions to the TYPE 87-t: line of coaxial
equipment.

The 174-connector scries consists of

cable and panel connectors in both
locking and non-locking versions. These
will fit RG-174/U, -188/U, and -316/U
50-ohm cablcs; also RG-161/U and
-179/U cables. The panel feedthrough
connector mates any pair of TYPE 874
Conncctors dircctly through a panel 01'

bulkhcad.

TYPE 874·C174A TYPE 874·CL174A

TYPE 874·PRL 174A

©m1.{@1'._ I ---l l~_
, "

1

~
' , i@\.>.
__ 1~ _..]""320'..\

"O,Iil6DIA(ot2!l DR;UI
1/4 [I Y06 "'~El-a21~D':'

C'T'e ~/~2 O££P
I/S PANrl-O_~I~ OFA

C'r'B 1{16 or£?
1116 PANEl_ NO C'T"9

Mounting di_
mensions for
flanges; (above)
non·recessed
type, (below)
recessed type.

ID
e ' 1'-.
1- _ ,~

I I .f',
~

'ty
, ~_ I a~37DI"
-'6 -

0.156 DI~ lot2~ OR'lll

$4.50
5.50
5.00
5.00
5.00
9,50

Pi'icc

0874-9418
0874·9419
0874·9448
0874-9449
0874-9469
0874-9451

TYPE 874·PFL

Code Number

TYPE 874·PL174A

Type

874.C174A Cable Connector.
874·CL174A Cable Connector, locking.
874·PB174A Panel Connector, flanged.
874·Pl174A Ponel Connector, locking.
874·PRL 174A Panel Connector, locking, recessed.
874.PFL Panel Connector, locking, feedthrough
C. S. Patent No. 2.548,45i.

TYPE 874·PB174A

ADAPTORS

Adaptors to l\ficrodot conneetol's
include both locking and non-locking
types. In addition to their use in con
necting between Microdot and 874
structurcs, thcy can be combined -with
other GR adapt.ors to join Microdot

conncctors to other UG types. This is
easily accomplished by the plugging to
gether of the TYPE 874 ends of t,yo
adaptors.

All GR coaxial adaptors are designed
for low reflections and have low standing
wavf' ratios up to several gigacycles.

10
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VSWR of a pair of adaptors (Types 874·QMDP
ond QMDJL) plugged together.

7,, ,
FREOUENCY - Gc

0

0
...- -

/
0

/
0

v·
1.0

0

TYPE TYPE
874.QMDJ 874.QMDP

Adaptors are now available to types
BNC, C, HN, LC, LT, Microdot, N,
SC, TNC, and UHF connectors, as well
as to 50-Dhm rigid line of Ys-, 1%-, and
3Ys-inch sizes.

Contains 874-
Type and Connects to Code Number Price

874·QMDJ Microdot Jock Microdot Plug 0874·9720 $ 9.50
874·QMDJL* Microdot Jock Microdot Plug 0874·9721 10.50
874-QMDP Microdot Plug Microdot Jock 0874·9820 9.50
* Locking Type 874.
U. S. Patent No. 2,548,457.

SALES-ENGINEERING OFFICES

NEW CLEVELAND OFFICE

September 1 marks the official opening
of our 12th Sales-Engineering Office 1 in
Cleveland. Manager of the new officc will
be L. C. (Tom) Frickc (BSEE, U. of
Illinois1 157), who for the past few years
has bcen at our Chicago Office. He will
be assisted by Danny Woodward (BSEE,
U. of Illinois, '62), who goes to Cleveland
after an intensive training course at
Concord. Customers in Ohio, Kentucky,
and \vestern Pennsylvania will find this
new office a convenient source of techni
cal and commercial information about
General Radio products.
The address:

General Radio Company
5579 Pearl Road
Cleveland, Ohio, 44129

Telephone:
(area code 216) 886-0510

TWX:
(area code 216) 888-0716

DALLAS

Erie L. M udama will join the staff of
GR's Dallas Office in September. He
received his SB in EE degree from MIT
in February, 1963, and has been in our
sales-cngineering training course at Con
cord since October, 1962.

TORONTO

Walter F. Oetlinger was recently ap
pointed Service Supervisor at General
Radio's Service Laboratory in 'fol'onto.
Located adjacent to the General Radio
Canadian Office at 99 Floral Parkway,

Tom Fricke Donny Woodword Eric Mudoma Thomas Mujica Wolter Oetlinger

11
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Toronto 15, Ontario, the laboratory
provides complete repair and calibra
tion facilities, as well as a stock of re
placement parts, for GR produets.

Mr. Oetlinger, formerly Supervisor,
Electronic Laboratory, Bayly Engi
neering Ltd., Ajax, Ontario, has had
over ten years' experience in this field,

and is well known to many of our
Canadian customers.

NEW YORK

Thomas H. Mujica, a BEE from
Brooklyn Polytechnic Institute in 1960,
goes to the New York area office
(Ridgefield, N. J.) after three years in
sales engineering at Concord.

CANADIAN ELECTRONICS CONFERENCE
Exhibition Park Toronto September 3D-October 2, 1963

NATIONAL ELECTRONICS CONFERENCE
McCormick Place Chicago

'Ve look forward to welcoming our
many friends at these two important
meetings. At the General Radio booth
you will see many of the new instruments
recently described in the Experimenter,

October 28-30, 1963

plus others not yet announced.
Engineers from our local offices and

from our main plant in Concord will be
on hand to demonstrate thc cquipment
and to answcr your questions.

GENERAL RADIO COMPANY (OVERSEAS)

announces the appointment,

as exclusive GR representative for Austria, of

Dipl.-Tng. Peter Marchetti

WieD VII

Lindengasse 55

440453
Telephones:

5769053

12
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the 90 series

• A SLOTTED LINE OF HIGH ACCURACY

• TERMINATIONS

• AIR LINES • ADAPTORS

The recent introd uction of the TYPE
900-BT Precision Coaxial Connector'"
marks the beginning of a new era in
coaxial precision measurement. Prior to
the development of this connector, pre
cise impedance-measuring instruments
and standards were not commercially

LA. E. &!.ndel1lOn, "A Radically New Coaxial Connector"
G~n.tral RadiQ Experimenter, 37, 2 & 3, February-March,
1963.
t A. P. Lagoll, "A New Precision Coaxial Connector
(Type 900)," NBS Report, No. 7£77, June 29, 1962,
pp 54-82.

Figure 1. View of
the Type 900-LB Precision Sioned Li"e.

available for the microwave region.*
Using this new connector, General Radio
has developed a line of precision coaxial
equipment with performance commen
surate with that of the connector. Prom
inent features of the basic connector are
low VSWR, and superior stability, life,
convenience, and repeatability. Of these,

• In fact, even at low frequencies, for instance in the
audio rauRe, the accuracy of two-terIllillal measurements
has been limited by the repeatability and reproducibility
of coaxial connectoNi.
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10\,. VSWR and repeatability at uhf and
shf were the most difficult to achieve.
Once assured, these characteristics led
quickly to the development of new
uhf-sbf instruments and components,
including a precision slotted line, air
lines, terminations, and adaptors, as
well as precisely fabricated tubing and
rod stock for coaxial lines.

Use of this system of instruments,
however, is not restricted to calibrations
or measurement on devices equipped

with the TYPE 900 Precision Connector.

Precision adaptors permit a tie-in with
popular connectors, such as the type :-<
and the TYPE 874. When a TYPE 900
adaptor to another type of connector is
used, the accuracy is limited only by the
performance of the other connector. For
example, the residual VSWR of the TYPE
9OO-LB Slotted Line, which is 1.002 at
1 Ge, is still only 1.01 when a type-:\
adaptor is installed.

TYPE 900-lB PRECISION SlOTIED LINE

4

The slotted line is the basic immit
tance- and vswn-measuring instrument
for the uhf and shf ranges. It has yet
to be surpassed in absolute accuracy,
versatility, and bandwidth. Its accuracy
is absolute because its built-in imped
ance standard is the characteristic im
pedance of its coaxial line, which is
directly dependent upon mechanical
dimensions.

Imperfections in the slotted coaxial
line system and the discontinuities at
slot end, transitions, and connectors arc
the principal sources of error. Such im
perfections and discontinuities in the
coaxial-line section have been virtually
eliminated in the Type 900-LB Precision
Slotted Line. Kew manufacturing meth
ods and further development in the
conventional methods have made this
possible. Furthermore, there is no tran
sition problem because there is no tran
sition; the connection between the slot
ted section and the connector is a con
tinuous, uniform, coaxial transmission
line with very close control of diameters,
as in the slotted section. And TYPE
9OO-BT Connector has effectively elim
inated connector errors.

The new precision slotted line is sim
ilar in general construction to the TYPE
874-LBA, which has in recent years
been consl,antly improved and rugged
ized, and whose accuracy is comparable
with that of other commercially avail
able types. Many of its design features
have been embodied in the 900 model,
along with a number of refinements
and improvements.*

The precision slotted line uses an air
dielectric coaxial line, with an outer
conductor lD of 0.5625 inch, made to
extremely close dimensional tolerances.
Connectors are a TYPE 900-BT at the
unknown terminals, a locking TYPE 874
Connector at the input side, and a non
locking TYPE 874 at the demodulated
detector output terminals.

The following new features have been
incorporated:

A new probe assembly, comprised of
an externally adjustable probe, with
calibrated penetration depth, and a
probe tuner with micrometer-type drive,
calibrated in centimeters, and having
excellent tuning stability.

• The Type 9OO-LB Slotted Line does not supersede the
Type 87~-LBA. which is still available.
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Applications

The TYPE 900-LB Slotted Line is
well suited to all the well-known slotted
line measurements, such as immittance,
VSWR, and reflection coefficients of dis
tributed and lumped elements and an
tennas. More importantly, it is recom
mended for the absolute calibration of
standards.

Additional applications include:

(I) Measurement of connectors and ele
ments by the substitution method.'"

(2) Determination of small-signal char
acteristics of diodes and transistors. For
these measurements, the slotted line is
driven through the probe with the spe
cial connector provided, and the detec
tor then connects to what is normally
the generator end of the line. By this
means, adequate sensitivity is main
tained at low voltage levels.

(3) Measurement of dielectric constant
and loss tangent of dielectric materials.

(4) Precision phase shifter. The slotted
line can be terminated with the TYPE
900-W50 Termination and variable phase
signal taken from the probe. Phase shift
is accurately calibrated in terms of
probe travel.

(5) Sliding short-circuit measurements
of scattering coefficients of distributed
and lumped elements'·'

Those engaged in the development of
coaxial devices will find this slotted line
an invaluable aid to the design of equip
ment with truly low standing-wave ratio.
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A vernier scale and, in addition, a
micrometer drive for fine resolution.

Provision for direct rf connection to
the probe; the tuner is replaced with an
rf probe assembly.

A protective cover, which can be
closed to prevent dust accumulation
and damage. The cover reinforces the
basic assembly and adds very little
extra weight.

Quick conversion into a precision
type N or TYPE 874 Slotted Line by
means of 10w-vSWR adaptors (adaptors
to TNC, C, and other types are under
development).

The slotted line can be calibrated
absolutely with the TYPE 900-BT Con
nectors to a much higher degree of
accuracy than with other connector
types. The TYPES 9OO-LlO, 900-LI5,
900-L30 Air Lines, and the TYPE 900
W50 Termination are excellent calibra
tion devices for this purpose.

The most important feature, however,
is performance:

Residual VSWR is extremely small
(Figure 2), 1.001 + 0.001 X !c,. With
a TYPE 900-QNJ or -QNP Adaptor to
type N installed, over-all VSWR is
1.005 + 0.OO5fa,.

Constancy of probe coupling, a most
important characteristic, is ±0.5%.

Frequency range is 300 Me to 9000
Mc; probe carriage travel is 50 em.

With the precision air lines the length
can be extended to permit operation
down to 150 Me.

I A. E. SandenJon. "A Kew High-Precision Method for
the 11easurelllent of the VSWH of Coaxial ConnectonJ."
IRE Transactions on l\ficrowatt Theory alld Techniques.
Vol MTT-9, No.6, November 1961, pp 524-528.
• A. E. Sanderson, "An Accurate Substitution Method
of Measuring the VSWR of Coaxial Connectors," The
Microwat'e Journal, Vol 5, No. I, January 1962, pp 69-73.
lO. A. Deschamps, "A Simple Graphical Analysis of a
Two-Port Waveguide Junction," Proceedings of the 1RE,
42, S69, May 1954.
• J. E. Storer, L. S. Sheingold, and S. Stein, "A Simple
Graphical Analysis of a Two-Port 'Waveguide Junction,"
ProctMifl(/S oj the IRE, 41, No.8. 1004, August 1953.
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SPECIFICATIONS

Ch~mll:teristic Impedance: 50.0 ohms ± 0.1 %.
Probe Travel: 50 em. Scale calibrated in cen
timeters from the reference plane. Attached
vernier scale can be read to 0.1 mm.
Scale Ac.curacy: ± (0.1 mrn + 0.05%).
Frequency Range: 300 Me to 9 Gc. At 300 Me,
covers a half wavelength. Operates below
300 Me with 'TYPE 900 Precision Air Line.
Consh:lMcy of Probe Pickup: ±O.5%.
ResiduQI VSWR: Less than 1.001 + 0.001 X
fa, (e.g., 1.002 at 1Ge).
Accessories Supplied: TYPE 874-R22A Patch

Cord; TYPE 9OO-WN Precision Short-Circuit;
TYPE 900-WO Precision Open-Circuit; tuning
stub-probe assembly (including IN21 C and
IN23C diodes); rf probe assembly (with
TYPE 874-BL Connector) j micrometer carriage
drive (accurate to 0.01 mm); spare drive cable;
storage box; Smith charts.
Accessories Required: Generator and detector.
Dimensions: Width 27}2, height 10, depth
4% inches (700 by 255 by 125 mm).
Net Weight: 10% pounds (4.9 kg).
Shipping Weight: 27 pounds (12.5 kg).

Type Code Number Price

Precision Slotted Line. 0900-9651 $575.00

TERMINATIONS

TYPE 900-W 50 PRECISION

50-OHM TERMINATION

Applications

As a 50-ohm standard for the calibra
tion of bridges, slotted lines, impedance
plotters, reflectometers, etc.

As a termination in measurements of
networks with more than one port.

As a precision dummy load.

0

FIGURE 3. TYPE 9OO-W10 I I .-. _SC:CF::'LI~IT -
,
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SPECIFICATIONS
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VSWR: Less than 1.005 + 0.005 X fOe, up
to 9 Gc.
DC Resistance: 50 ohms ± 0.3 %.
Maximum Power: 1 watt with negligible
change; 5 watts without damage.
Temperature Coefficient: < 150 ppmrC.
Over-all Length: 2 inches (51 mm).
Net Weight: 3}-2 ounces (100 grams).

'.0

TYPES 900-WN AND 900-WO
SHORT-CIRCUIT AND

OPEN-CIRCUIT TERMINATIONS

The TYPE 900-WN Short-Circuit
Termination and TYPE 900-WO Open
Circuit Termination are low-loss devices,
which effectively short circuit or open
circuit a coaxial line.

Type 900-WN Short-Circuit Termination

The reference piane of this termina
tion is conveniently located at the mat-

~ 1.0

As a precision type N or Type 874
Termination when used with a TYPE
900-QNJ, 900-QNP, or 900-Q874 low
YSWR adaptor.

Type
900-WN

Type
900-W50

Type
900-WO

The TYPE 900-W50 Termination is a
broadband device with extremely low
VSWR, useful from de to 9 Gc. It com
prises an accurately derived, continuous
transition and a precision cylindrical
resistor. The connector is a TYPE 900-BT.
Typical VSWR characteristics are. given
in Figure 3. The change of resistance
and VSWR vs heating due to incident
power is negligible up to I-watt incident
power.

6
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SPECIFICATIONS
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line. The effective length, however, is
frequency dependent. Measured data
are shown in Figure 4.

Applications

The TYPES 900-WN and 900-WO Ter
minations are useful in the following
applications:

Establishing reference planes in direct
or substitution coaxial-line measure
ments.

As low-loss terminations for measure
ment of networks with more than one
port (including loss measurements).

As coaxial-line reactance standards in
combination with TyPE 900-LlO, 900
L15, or 900-L30 Air Lines.

Reflection Coeffident; > 0.999.
Net Weight: TYPE 900-WN, 2}2 ounces
(75 grams); TYPE 9OO-WO, 2 ounces (60 grams).
Over-oil Length: 1}{6 inches (27 mm).

ing plane of the TYPE 900-BT Connec
tor. Ohmic losses are extremely small,
as demonstrated by a reflection coeffi
cient of 0.999 or greater at 9 Gc. The
termination is a silver-plated brass slug
with the necessary TYPE 900 external
hardware, gold-plated for protection
against tarnishing. The excellent per
formance cited is inherent in the TYPE
900 Connector. The inner conductor
shorting contact is achieved by the flat
surface of the slug pressing against the
TYPE 900-BT contact.

Type 900-WO Open·Circuit Termination

A TYPE 900-WO Open-Circuit Termi
nation presents an effective open circuit
0.26 em from the mating plane of a
TYPE 900-BT Connector. It is a closed
end, standard-size outer conductor with
TYPE 900 external mounting hardware.
The open-circuit reference plane cannot
be made identical in position to the
short-circuit reference plane because of
end effect. This end effect can be repre
sented elosely by an additional length
of line, in this case 0.26 em, or a capaci
tance of 0.173 pf shunting the end of the

AIR 1I N ES

Type 900-l30

and variations are restricted to ±25
microinches along a given rod. The
outer conductor diameter is held to
± 140 microinches.

Type 900-L15
TYPES 900-L1 0, 900-L15,
AND
900-l30 AIR LINES

The TYPES 900-LlO, 900-LI5, and
900-L30 Air Lines are precision coaxial
air-line sections fitted with standard
TYPE 900-BT Connectors. The air-line
sections are held to extremely close di
mensional tolerances. The inner con
ductor tolerance is ± 65 microinches,

Type 900-LlO

7
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of ±0.012 cm, which is equivalent to
±0.4 picosecond.
(3) As reactance standards, with the
TYPE 900-WN Short-Circuit Termina
tion or the TYPE 900-WO Open-Circuit
Termination.
(4) As extension lines. The lines may
be used to extend the lower frequency
limit of the TYPE 900-LB Slotted Line
below 300 Mc. With a sufficient length
of air line, this limit can be reduced to
150 Mc.

Applications

(I) As 50-<lhm quarter-wave reference
standards. When the lines are used at
frequencies where length is an odd mul
tiple of X/4, any irnmittance-measuring
instrument, Smith-Chart plotter, etc.,
can be calibrated with respect to 50
ohms and the termination error isolated.
The following table lists (2n - I) X/4
frequencies for the three air-line sections.

These tolerances maintain the charac
teristic impedance at 50 ohms ± 0.65%.
The basic materials are brass, with a
layer of silver at the conducting sur
faces, and a protective gold plating.
Typical VSWR characteristics are shown
in Figure 5. The low-frequency, skin
effect correction is shown in Figure 9.

(2) As preclSlon time-<lelay standards.
The lines are held to an electrical length

SPECIFICATIONS

V'WR, Less than 1.0013 + 0.0013 X fa,.
up to 9 Gc.
Charaderistic Impedllllnce: 50 ohms ± 0.1 %.
Electrical Length: TYPE 900-LlO -10.00 ±
0.02 em; TYPE 900-L15 -15.00 ± 0.02 em;
TYPE 900-1,30 - 30.00 ± 0.02 em.
Time Delay: TYPE OOo-LID, 0.333 nseo;
-LI5, 0.5 nseOj -1,30, 1.0 nsee; all ± 0.4 psec.
Net Weight: TYPE 900-LlO, 67'2 ounces (185
grams); -LI5, 10 ounces (285 grams); -1.30, 15
ounces (425 grams).
Over-all length: TYPE 900-LlO, 4 inches
(105 mm); -U5, 6 inches (155 mm); -LaO,
12 inches (305 mm).

900-L80
Frequency, Gc
0.25 4.75
0.75 5.25
1.25 5.75
1.75 6.25
2.25 6.75
2.75 7.25
3.25 7.75
3.75 8.25
4.25 8.75

Quarter·Wcve Frequencies of
Type 900-L Air Lines

900-L15
Frequency, Gc

0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5

9OO-LlO
Frequency, Gc

0.75
2.25
3.75
5.25
6.75
8.25

ADAPTORS

Type
9QO..Q874

TYPES 900-QNJ AND 900-QNP
ADAPTORS

Type N Adoptors

There are two type N adaptors: the
TYPE 9OO-QNJ, which consists of a type

jack and a TYPE 900-BT Connector,
and the TYPE 9OO-QNP, which contains
a type N plug and a TYPE 9OO-BT Con
nector. These adaptors have specially

8
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SPECIFICATIONS

V'WR, Less than 1.00 + 0.015 X fa,; 1.01 +
0.005 X fOe from 1 to 7 Gc.
Electrical Length: 6.50 ± 0.04 em to front face
of mated nonlocking TYPE 874 connector bead.
Over·all Length: 2-9/]6 inches (65 mm).
Net Weight: 3J;2 ounces (100 grams).

a TYPE 874-BL Connector. For coaxial
line measurements where the reference
plane must be determined with the
maximum accuracy, however, a TYPE
874-B (nonlocking) connector should be
used. The reason for this is that the
locking-type connector is intentionally
disengaged a slight amount by the
locking system, so as to prevent mechan
ical jamming. This disengagement can
vary from 0.006 to 0.042 inch from con
nector to connector because of tolerance
limits. However, it is generally close to
a nominal 0.020 inch. The nonlocking
connector, on the other hand, mates
automatically within much closer limits
because the connectors are always fully
engaged. The electrical length and ref
erence-plane data are given in the in
struction sheet that accompanies the
adaptor. VSWR characteristics are shown
in Figure 7.

Applications

Extends usefulness of TYPE 900-LB
Slotted Line, permitting precision meas
urements of type N and TYPE 874
components.

As a precision type N or TYPE 874
50-Ohm Termination, when used with
TYPE 900-W50.

Converts instruments with type N or
TYPE 874 connectors to TYPE 900.

designed, continuous transitions between
the two line sizes. The absence of any
discrete discontinuities in the transition
is a unique feature of these adaptors.
The type N jacks and plugs in these
adaptors are of a special, 10w-vSWR de
sign. Although they are compatible with
standard military type N connectors,
they should be used with special type N
connectors for lowest VSWR. The instruc
tion sheets provided with these adaptors
show the electrical length and reference
plane as well as other optimum configu
ration details for the mating plug or
jack. VSWR characteristics are shown in
Figure 6.

~:::~
, 00

IZJ.~.ll!l'

FII(Ql,I[HCY-G<

SPECIFICATIONS

VSWR: Less than 1.004 + 0.004 X foc, up
to 9 Gc, either unit.
Electrical Length: TYPE 900-QNP - 5.50 ±
0.03 cm to end of male outer conductor.
TYPE 900-QNJ - 5.00 ± 0.03 cm to end of
female inner conductor.
Net Weight: TYPE 900-QNP, 331 ounces
(100 gram8)j -QNJ, 4 ounces (115 grams).
Over-all Length: TYPE 900-QNP, 2-5/16 inches
(59 mm); TYPE 900-QNJ, 2Ji inches (58 mm).

TYPE 900-Q874 ADAPTOR

(Connects with either locking or nonlocking
Type 874 Connectorl

The TYPE 900-Q874 Adaptor com
prises a TypE 874-BL Locking Connec
tor and a TYPE 900-BT Connector,
mounted on a short section of precision
air line. This adaptor contains a newly
designed, fully compensated TYPE 874
support bead. Although the adaptor
mates with both locking and nonlocking
TYPE 874 Connectors, a mechanically
stable, low-leakage connection requires

,"
,~

E1.04

> t.02

L~

F1~ 7. TYPE 900- 0874_.~
Sl'{CncATION _

~~ lDOUNG IUIollT~_

,\ ~- --{- ./, - ./ . ,
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This flange is a general-purpose device
which converts any TYPE 900 com
ponent connector to a flange connector,
making use of the fact that the inner
contact of the TYPE 900-BT works suit
ahly against any flat surface with no
special additional contacting device or
bullet required. The configuration is
shown in Figure 8.

TYPE 0900-9782

ADAPTOR FLANGE

tyPE 900-9T CONNECTOil WITII
C(NHAIIIG GEAR-RING AND
LOCKING NUT REMOVEO

CENT[III COfIOUCTOR

/

pany. The rod is brass with a layer of
silver approximately 0.OOO5-inch thick
and a finished diameter of 0.24425 inch
± 65 microinches. The tube has a layer
of silver approximately 0.0005-inch thick
and a finished inner diameter of 0.5625
inch ± 140 microinches. Both tubing
and rod are stress-relieved to minimize
diameter changes due to machining and

• "rrTTTlTlrTIT
+1.1'" H-ttlM-+t

6 H.m!.

•:!! to.n.

~ +0.1"'0

"a +0:7".<.

~ +0.6'10 H+ttllllf--t\
~ +0.5% H-Htll--tt
~ fO._ H+H4tII-+fmij---t+:
i +03% H-ttliffil---tiftttl""ttt
t; +02'1.

10101< lOON<
Fltt:llUOICY

Figure 9. Skin-effect characteristic-impedance error
01 a function of h'equency.

ACAPTOR ~UNGE

Figure 8.
Flange adaptation on Type 900-8T Connector.

Applications

For connecting to a coaxial system
ending in flat, flush surfaces, typically
in special bridges.

Specifications

Mounting Holes: 0.157 ± O.OO5-inch dia,
1200 ± 0.50 apart on a radius of 0.812 ±
0.003 inch.
Net Weight: 3 ounces (85 grams).

PRECISION ROD AND TUBING

are straightened. The instruction sheet
provides directions for machining the
material for use with the TYPE 900-BT
Connector, including procedures for min
imizing dimensional changes. At fre
quencies where skin depth is negligible,
the characteristic impedance of a trans
mission line made from this material is
50 ±0.0013 ohms, or ±0.065%. The
skin-<!epth deviation as a function of
frequency is shown in Figure 9.

There is a practical limit to the length
of the precision air line that can be made
from this material because of inner con
ductor sag. An expression for the sag is
given below. This expression is pessi-

«'::;;::=:;:;:=:':;;;;;;;;::,.,- Type
• 0900-9508

10

For those who wish to assemble coaxial

systems using the TYPE 900 Connector, \:!~~~::::~::~:!:::=~ Type
coaxial air-line rod and tubing having ~ 0900-9509

extremely tight diameter tolerances are
now offered by General Radio Com-
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Applications

Precision sliding loads and shorts,
air lines.

Precision 50-ohm air-line impedance
and time-delay standards.

General component use.

inches may be considered the longest
permissible air-line section for precision
work. With TYPE 900-BT Connectors at
each end, the corresponding air line is
45.5 em long, electrically.

vVhen maximum accuracy is desired
for the longer line sections, the line
should be mounted vertically.
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TYPE 900-TOK KIT

Specifications

Net Weight: Rod, 7 ounces (0.2 kg); tube,
231 pounds (1.2 kg).
Over-all Length: 27 inches (690 mm).

7

1/
8

6. Beod Pu.her

7. Inner-Conductor
Injector

8. Beod Compre.·
.ion Sleeve

9. Spring-Conloc! Wrench

1. Open.End Wrench
2. Coupling-Nut Torque Wrench

3. Inner-Conductor
Torque Wrench

4. Gear Wrench
5. Inner·Conducto' Plier

The TyPE 900-BT Precision Coaxial
Connector should be assembled on com
ponents witb the TyPE 900-TOK Tool
Kit, both for the best precision and for
avoidance of damage to connector. The
tool kit, designed for this purpose, in
cludes all the tools req uired to assemble
the TYPE 900-BT Connector on a com
ponent and the devices needed to reas
semble a connector that has been inad
vertently disassembled or to replace
damaged parts. The tool kit contains

2 3

4

l~

mistic because the connectors provide
some cantilever support. The character
istic impedance of a coaxial transmission
line with an eccentric inner conductor
is given by

I', "" ...,.,,----= inches
15 X 10'

Figure 10. Characteristic-impedance error vs sag in
inner conductor.

[ b "a]Z, = A cosh-1 - (1 - 4 -) + -
2a b' 2b

where
A ~ 59.9368
b = coaxial line outer cond uctor ID

a = coaxial line inner conductor OD

, = amount by which conductor
is off center

The sag, e, at the center is given approx
imately by,

where I is the length of the inner con
ductor in inches.

For a 16V,-inch length, the sag, " is
0.005 inch at the center.

The characteristic impedance error
calculated from the above formula along
an incremental length of line at the
center is -0.046% for this amount of
sag (see Figure 10). Therefore, 16V,

I 1
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be used, SO as not to apply excessive
torque and thus damage connector parts.

1. Two 11/16" open-;,nd wrenches
with 3/32"-wide blade (bicycle type).

2. One, and in some cases two, 5/32"
Allen wrenches.

3. One inner-eonductor gripper, a plier
device with a padded 0.244"-dia hole
to hold the inner conductor upon which
the connector is to be installed. Alter
nately, a gripping device can be made
from two strips of plastic, held firmly
together in a vise and drilled with a
15/64" drill. The inner conductor is
installed in the hole and gripped in
the vise.

4. One 1/16" Allen wrench.
-JOHN ZORZY

an open-end wrench, a coupling-nut
torque wrench, an inner-conductor grip
ping plier, and a contact Allen wrench.
In addition, for connector reassembly,
it contains an inner conductor injector,
a bead compressor sleeve, and a bead
pusher.

For some users, purchase of the com
plete tool kit may not be wholly justi
fiable. It is possible to install the con
nectors on components with ordinary
tools, listed below. It is not possible,
however, to reassemble a connector that
has been completely disassembled be
cause the parts are press-fitted together
with the assembly tools furnished in the
TYPE gOO-Tal{ Tool Kit.

The following tools may be employed
to install connectors. Extreme care must

Type Code Number Price

900·Ll0
9OQ·LtS
9OQ.L30
9oo·Q874
9OO.QNJ
9DO-ONP
9OO·YOK
900-WN
9DO-WO
900-W50
0900·9508
0900-9509
0900·9782

PrltCision Air Line (lO em). . . .
Precision Air Line 115 em) . . ...•.....
Precision Air Line {3D em}. . . .
Adaptor to Type 874. . . . . . . . . . .
Adoptor (contains type-N jock) .
Adaptor (contains type·N plug) .
Tool Kit. . .
Short·Circuit Termination.
Open.Clrcuit Termination.
50·0hm Termination.
Precision Inner·Conductor Rod.
Precilion Outer-Conductor Tube .
Adaptor Flange.

0900·9605
0900·9607
0900-9613
0900-9883
0900-9711
0900·9811
0900·9902
0900·9971
0900-9981
0900·9953
0900-9508
0900·9509
0900-9782

$ 85.00
90.00

100.00
45.00
50.00
50.00
95.00

9.00
9.00

60.00
25.00
35.00

3.50

OF FUEL GAGES
AND

THE AERONAUTICAL INSTRUMENTS LABORATORY

12

To a pilot, it is a matter of some im
portance that the fuel gage in his air
craft be accurate. The degree of accuracy
required and the various types of fuels
used by modern aircraft led to the de
mise of the float-type gage and to the
development of a fuel-quantity gage
that operates by sensing the electrical
capacitance of the fuel-tank probes.
This parameter is directly proportional

to mass, which in turn is closely related
to the energy content of the fuel. To
check the accuracy of such a gage, a
special capacitance standard ("fuel
gage tester"), connected to the gage in
place of the tank, simulates full- and
empty-tank conditions.

General Radio, an old hand at design
ing capacitance standards and bridges,
contributed importantly from the outset



Technician calibrate' fuel gage of modern jet aircraft
by means of a OR Type 1429-A Fuel-Gage Tes'er.

to the development and subsequent re
finement of fuel-gage testers. At the
Aeronautical Instruments Laboratory
of the U. S. -aval Air Development
Center at Johnsville, Penn.ylvania, GR
bridges were used to evaluate differences
in dielectric characteristics between avia
tion gasoline and jet fuel and among

NOVEMBER, 19.3 ~

fuels refined in different parts of the
world. From such measurements came a
circuit element to compensate for varia
tions in the density of the fuel.

The General Radio 1\1 D-l Tester was
the first to meet military requirements;
our current TYPE l429-A Fuel-Gage
Tester, a slimmed-down version of the
MD-l, is widely used to calibrate gages
on both reciprocating- and jet-engine
aircraft.

In the development of fuel-gage test
ers, GR has worked in close co-operation
with two military agencies: the Aero
nautical Instruments Laboratory at
Johnsville and the Wright Aeronautical
Development Center at Dayton. The
Aeronautical Instruments Laboratory is
now celebrating its silver anniversary.
Inasmuch as our association with this
laboratory covers most of those 25 years,
we are especially pleased to note the
event and to congratulate AIL on its
quarter-century of service to the nation.

Equipment used in early fuel-gage fester development, shown in this 1951 photo faken at
Aeronautical Instruments laborafory. include' capacitance bridge, generator, and delector.

(Official Photagraph U. S. Navy)
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OVERSEAS SEMINAR IN MILAN
The third biennial sales and engineer

ing seminar for OR overseas representa
tives was held in Milan during the last
week of May, 1963, with nearly forty
sales engineers and export sales repre
Sl'ntatives from fifteen countries attend
ing, plus several from General Radio
Company and Gencral Radio Company
(Overseas). Technical and sales sessions
in the forenoon and laboratory work-

shops in the afternoon were held to ac
quaint the participants with latest
General Radio equipment.

Much of the credit for the success of
the seminar goes to our hosts, the firm
of lng. S and Dr. Guido Belotti, who
have represented General Radio Com
pany in Italy for ovcr thirty years. The
accompanying photograph shows most
of those attending.

l. A. P. G. Peterson, GR
2. Mrs. Malac, France
3. Dov Peleg, Israel
4. A. lora Saenz, Spain
5. R. Danziger, Israel
6. G. F. Malac, France
7. Mrs. Carla lupi, Italy
8. I. G. Easton, GR
9. K. G. Teir, Finland

10. Miss M. E. Aeschbacher, GRO
11. Miss A. M. Minoja, Italy
12. C. Binetti, Italy

Miss S. Fiore, Italy
G. Belotti, Italy
I. Myrseth, Norway

16. N. 1. Kuster, GRO
17. S. Maio, Italy

'-----------------'18. Miss A. Agnisetta, Italy
19. Mrs. O. Curti, Italy
20. G. Venturi, Italy
21. G. Malfassi, Italy
22. P. Fabricant, France
23. R. Peel, Belgium
24. l. Marcomini, Italy
25. A. R. Buys, Holland
26. T. Imoto, Jopan
27. M. Berlin, France
28. K. Kyriokos, Greece
29. V. Helmisalo, Sweden
30. C. E. Worthen, GR
31. A. Rasmussen, Denmark
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32. M. Meriaux, France
33. P. J. Macalka, GRO
34. Miss C. Naichauler, France
35. K. lindenmann, Switzerland
36. R. Natarajan, France
37. M. Ky, France
38. J. Keller, Switzerland
39. G. Nusslein, Germany
40. W. P. Mclean, New Zealand
41. l. Picasso, Italy
42. A. E. Thiessen, GR
43. A. R. Mouriaux, France
44. U. Clementz, Sweden
45. A. R. O. von lierap, Holland
46. H. A.. Molinari, Switzerland
47. H. KJip, Holland
48. J. Beyerholm, Denmark
49. S. W. DeBlois, GR
50. D. B. Sinclair, GR



DETERMINATION OF

CAPTURE PROBABILITIES

OF

PRECIPITATION PARTICLES

WITH

THE STROBOLUME

by Dr. Roland Lis"

One of the major problems of modern
cloud physics is the description of the
growth of precipitation particles (rain
drops, graupels and hailstones). Theo
retical computations show that the gas
phase contributes negligibly to the
growth of the mass, as long as the grow
ing particles show diameters of more
than 2 mm. The determining factor for
the growth of precipitation particles is,
therefore, the accretion, the capture of
cloud particles, either water droplets
or ice particles with diameters from
1(}-1001'.

If we observe, for instance, the growth
of ice particles falling in a cloud of under
cooled water droplets (temperature less
than O°C), we can determine the collec
tion efficiency based on the growth of
the mass of a test particle in form of
icing. This can be done by careful deter
mination of weight. The result, however,
does not give us dependable information
about the number of impinging particles
because we do not know exactly how
many of the particles are hurled back
into the air stream. To determine this,
stroboscopic photographs were taken
with the General Radio Company Strob
olume during icing tests of the climate
controlled wind tunnel on the Weiss-
• Federal Institute for Snow and Avalanche Research,
Weissfluhjoch-DavOll (now with the Department of
Physics, University of 'toronto).

NOVEMOER, ' •• 3 ~

Figure 1. Icing of a 2-em steel ball in an air stream
(temperature -SOC).

fluhjoch, Switzerland. The Strobolume
switch was in the high intensity position.
Figure 1 shows the icing of a 2-cm steel
ball in an air stream of a velocity of
20 mis, at a temperature of - 5°C and
an absolute humidity of approximately
4 g/m'. The average size of the water
droplets is 50 1'. The photo was taken
with an Alpa camera with normal lens
and adaptor rings at fill. Agfa, Isopan
Record Film, with a sensitivity of
34-40oDIN (2000-8000 ASA) was used.
The most important result obtained from
this photographic observation is that,
under existing icing conditions, no re
bounding of impinging water droplets
could be observed. Therefore, the num
ber of impinging particles equals thc
number of captured particles (collision
efficiency equals collection efficiency).

The following additional conclusions
can be drawn from Figure 1:
a) The direction of movement of drop
lets ean be determined from their appear
ance in the photograph as streaks of
light. Sinee the eleetronic flash of the
Strobolume shows, directly following
trigger, a defined intensity peak followed
by a steady decay, the movement vector
of a Hparticle streak" can be seen from

15
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figure 2. Icing of a 2-cm steel boll in an air stream
<tempeI'oture -25°C); diameter of the arriving
ice particles or subcooled water droplets 50.100 /l.
Observe the "boundary layer" of the rebounding
particles. For this photograph, a slot illumination
(slot opening 2 mm) was used, "ecanitotins 0

camera opening to 1/1.6. The visible diffraction
patlern (rains) results from reproduction of cloud
droplets passing the steel ball at a distance of

more than 2 em in the direction of the camera.

the brightness pattern. For a slot illu
mination, perpendicular to the camera
axis and passing the center of the icing
particle, the flow lines of the floating
particles can be determined.
b) If the particles arriving at an ob
stacle arc partly iced, the rebounding
particles can be observed as such from
their "streak direction" (Figure 2).
c) From the direction of the streak
image, the velocity of cloud particles
can be determined as a function of their
location as long as the particles do not
differ largely in size.

From these observations, it is appar
ent that the Strobolume is a useful
device for research of the complex cap
ture processes which, in a diversity of
manner, play an important role in the
formation of precipitation.

The observations described here were
made within the framework of the re
search project No. 2071 of the Swiss
National Fonds.

N ERE M-63

Commonwea Ith Armory, Boston November 4,5, and 6, 1963

BOOTHS 207 - 209

A cordial welcome awaits our New England friends at the
OR booth. Drop around and see the new instruments you
have been reading about in the Experime:nter. We'll be glad to
demonstrate them to you.

General Radio Company
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Figure 1. Panel view of the Type 1136-A Digital-to-Analog Converter.

HIGH-SPEED DIGITAL-TO-ANALOG CONVERTER
WITH STORAGE

The conversion of digital data to
analog form provides both a convenient
method of presentation and a permanent
record. The analog output can be dis
played on a graphic recorder, and when
ever the input data changes continuously
as a function of some other parameter,
such as time, temperature, humidity,
pressure, etc., the record permits imme
diate evaluation. A typical application
is shown in F.igure 2, where the fre
quency of a 5-Mc crystal is plotted as a
function of temperature.

Although the analog output may have
no better than 0.1% accuracy, this is
quite sufficient for incremental measure
ments. If the analog output is formed
by 3 digits, the minimum increment is
0.1%. By choice of the appropriate
3 digits of the input, the analog system
interpolates between the next signifi
cant units of the input data. This is
illustrated by the example of Figure 2.

When the analog output is formed
from the last 3 digits of an 8-digit
counter indicating tenths of cycles per
second, the total span of the analog
output is 100.0 cps even though the
counter may be measuring a 5-1\1c fre
quency. The 0.1 % accuracy of the ana-

log output, therefore, is equivalent to
0.1 cps out of the total input, and no
accuracy is lost. The first 5 digits of the
counter remain constant. When these
are of any interest they can be read
from the counter's visual display and
recorded manually. The analog output
interpolates between 4,998,400.0 cps as
analog 0 and 4,998,499.9 as analog 999.
Should the data exceed 4,998,499.9, the
analog output will "automatically" shift
its 0 to be 4,998,500.0 and the new full
scale would be 4,998,599.9. Since the
analog is formed from the last three
digits, it is not affected by the digits
further to the left. This permits high
incremental sensitivity without danger
of full-scale current being exceeded.

Figure 2. Frequency-vs-temperature characteristic of
5-Mc crystal. Full scale for analog curve wa~ 100 cps,
eoch minor division 1 cps. Only the significant part
of the analog record (from 4998420.0 to 4998460.0)

Is reproduced here. Gate time was 10 seconds.
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I~PUT FROM
FIRST OOO'S)
DECADE

DIGITAl
STArE
1-1-1-1'9

INPUT mOM
SECONO (lO'SI
DECADE

DIGITAL
STATE
1-0-1-0_5

INHIBIT ElECTRONIC WEIGHTING
AMPLIFIERS GATES lATCHING SWITCHES RESISTORS

SI ~- --I 150K!l

----I 7~Ka

75K!l
150K!l OIJTPUT

Figure 3. Simplifled
schematic of the con

verter circuit.

RECORDER

4

At GR the ad vantages of analog re
cording have long been recognized) and
the TYPE 1134-A Digital-to-Analog Con
verter! has been available as a compan
ion instrument to the TYPE 1130-A
Digital Time and Frequency Meter.'
The need for storage of the digital data
has been discussed2 previously. Storage
facilities are built into the TYPE 1130
counter. The introduction of new digital
instruments without storage has made
it desirable to provide a new D-A con
verter \vith self-contained storage.

The new TYPB ] 136-A Digital-to
Analog Converter has 3-decade BCD in
put, fast transfer into storage, and 0.1 %
over-all accuracy. Input data with
1-2-4-2 or 1-2-2-4 weighting is accepted;
1-2-4-8 weighting requires a minor modi
fication; 1O-line decimal input is accepted
when an accessory, the TYPE 1136-P1
Diode Matrix and Cable, is used. Binary

"1" input must be at least 6 v positive
\vith respect to binary "011. The actual
voltage may be up to ± 150 v from
ground. l\1aximum conversion rate is
over 10 kc.

Up to 9 decades of 4-line BCD can be
connected to the input,) and a selector
switch permits selection of any adjacent
3 or the last 2 to form the output. Illu
minated indicators show which decades
are selected.

Principle of Operation

Figure 3 is a simplified schematic
diagram. The input data is applied to
the amplifiers AI ... A 12 • The gates
Gl ... G12 are normally closed, and the
input has no effect on the output

I H. P. Stratemeyer, "Analog Output from the Digital
Counter," General Radio Experimenter (35, 10), October,
1961.
: R. W. Frank and H. T. McAleer, "A Frequency Counter
with a ]1.Iemory and with BIllLt-ln !{,eliability," General
RadiQ Experimenter (35, .'}j, i\fay, 1961.
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switches (standardizers) 8, . oS".
These electronic swi tches are self-latch
ing and serve as storage elements for
the input data. A storage-command
pulse (sep) is applied to the pulse gen
erator (PG) and the gates 0, ... 0" are
momentarily opened. This transfer sys
tem does not require any zero-set (clear)
operation before new data is entered into
storage. 8\ ... 8 12 assume states corre
sponding to the input. The scp is gen
erated by the digital source at the be
ginning of the lidisplay time." 1\108t
counters provide a suitable pulse output
(print-command pulse). The total trans
fer time is about 30 ~sec. 8, ... 8"
connect the weighting resistors to ground
for binary 0 and to a precise voltage E
for binary "1". The analog output is the
sum of all the currents through R, . .. R".
The I ma output is essentially a 15 v
swing behind 15 kQ.

Accuracy - linearity - Stability

The impedance of the recorder does
not affect the accuracy or the linearity
of the output. The output matrix is
shown in Figure 4.

Examination shows that, while the
magnitude of I ,is affected by 0 L, therela
tive contribution of each component is
independent of GL. The magnitude of I,

can be adjusted for the required full
scale value by adjustment of the supply
voltage E.

The linearity of the output is deter
mined by the accuracy of the weighting
resistors, the precision of the electronic
output switches, and the output imped
ance of the regulated power supply for E
(see Figure 4).

The output switches are complemen
tary pairs of inverted transistors. The
offset voltage (the saturation voltage) is
only 1 to 2 millivolts, and when E is over
15 volts this error does not exceed 0.02%
of full scale. The variation of E as a
function of the output current from the
matrix is negligible.

The stability of the output is deter
mined by the stability of the supply E,
the weighting resistors, and the offset
voltage. The largest contribution is the
temperature coefficient of the zener
reference diode for the supply E
(< to ppm;oC) and the temperature in
fluence on the weighting resistors
(< to ppm;oC referred to full scale).

In addition to these static errors there
is a dynamic error as a function of trans
fer rate. Consider the change from 3 to 4
in 1-2-2-4 weighted BCD. The "3" output
consists of a binary HI" in the first bit
and in the second bit, i.e.} 8 1 and 8 2 are

Figure 4. Equivalent circuit of the output matrix.

t----QE.
I.

GL (RECORDER)

I
I
I
1
I
I

Sn I Gil

E

E _ ~(E"G,,)
(> - };Gn +GL

0 1 •.• Gu are the conductances of the weight
ing resistors
Sl ... S.2 the standardizeI' switches

E• ... En the voltages applied to the weight
ing resistors (0 v for a binary "0", E for a
binary "1")

GL is the conductance of the recorder

I, GL
G, + G, + ... + G. + GL(E,G, + E,G, + ... + E.G.)
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Figure So. Perfect output,

Figure Sb. S~ turns on be
fore SI gnd 52 gre off.

Figure sc. S~ turns on after
S1 gnd 52 have turned off.

on. To get the H.,l," output, the first and
second bit have to change to binary "0"
and the third bit to binary "1". In the

switching schematic this means that 8 1

and 8, have to turn off and 8, must turn
on. Suppose that 8, turns on before 81

and 82 are off: then, during this Hover_
lap" the output can be as high as 7) or, if
83 turns on after 8 1 and 8 2 have turned
off, the output can momentarily drop to
zero. Figure 5 illustrates this effect.
The use of fa~t electronic switches keeps
this time interval less than I }Josec. In
the worst case this can contribute an
output error of .0001% X conversion
rate (in cps). The typical error is about
three times less. In the worst case) at a
conversion rate of 10)000 per second)
this amounts to I %. However, a re
corder with response to 10 kc rarely has
an accuracy of better than a few per
cent, so that tbis errol' can generally
be neglected.

- H. P. STRATgMEYER

SPECIFICATIONS

Dgtg Input: BCD weighted 1-2-4-2 or 1-2-2-4.
Minor modification adapts for 1-2-4-8 input.
Binary 1 at least 6 volts positive with respect to
binary O. Input impedance 50 kilohms. Bi
nary 0 can be offset from ground by ± 150
volts. Switch selects any adjacent three or the
last two digits of up to nine-decade input.
Conversion Rate: Up to 10,000 conversions per
second (controlled by digital-measuring instru
ment).
Over·all Accuracy: ±O.l% of full scale (in
cludes repeatability, long-term stability, linear
ity, ±10% line variation, and ± 15 C ambient
temperature variations around normal 25 C)
± 0.0001 % X conversion rate in cps.
5torgge lrgnsfer: 50-P5eC transfer time.
Storgge CommClnd Pulse: 5 P5eC, ±6 volts mini
mum into 10 kilohms, rise and fall times less
than] JlSec.
Output: 1 milliampere with IS-kilohm source
impedance, or 100 millivolts with 100-{)hm
source impedance. 1\egative side grounded if
binary 0 or input not more than 20 volts from

ground. Output floating if offset voltage larger
than 20 volts.
logd: 2000 ohms maximum for 1 milliampere
output. 1000 ohms minimum for 1(}() millivolts
output.
Linearity: ±0.05% of full scale.
Stgbility: ±0.02% for ± ]0% line voltage;
± 0.003% of full scale per degree C.
Accessorif!$ Supplied: TYPE CAP-22 Power
Cord, spare fuses.
Accessory Available: TYPE 1136-PI Cable with
diode-matrix, required for use with lo-line
decimal data from General Radio counters of
the 1150 series.
Power Requirements: 105 to 125 (or 210 to 250)
volts, 50 to 400 cps, 7 wat~.

Cgbinet: Rack-bench.
Dimensions: Bench model- width 19, height
3Y2, depth 12 inches (485 by 89'by 305 mm),
over-alIj rack model- panel 19 by 3% inches
(485 by 89 mm), depth behind panel 11 inches
(280 mm).
Net Weight: 13 pounds (6 kg).
Shipping Weight: 17 pounds (8 kg).

Type Code Number Price

6

1136·AM
1136·AR
1136·Pl

Digitgl.to.Anglog Converter, Bench Model
Digitgl-to-Analog Converter, Hack Model. .
Diode Mgfrix and Cable (for connection to
TYPE 1150-AP or 1151-AP Counter).

1136-9801
1136-9811

1136-9601

$650.00
650.00

160.00
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A sensitive, well-shielded detector
system is a basic requirement in most
audio- and radio-frequency measure
ments. Detector sensitivity determines
the resolution in null-type bridge meas
urements as well as in the measurement
of high values of attcnuation. In both
these measurements, adequate shielding
is a primary factor in determining the
ultimate accuracy. Detectors of this
description have been available from
General Radio for most of the spectrum
up to 4000 kc. These are:
(1) The TyPE 1232-A Tuned Amplifier
and Null Detector - 20 cps to 20 kc,
with continuous coverage, plus 50 kc
and 100 kc, fixed.
(2) The TYPE 1212-A Unit Null Detec
tor - 50 cps to 5 Mc, untuned; 1 Mc,
tuned, with the TyPE 1212-Pl I-Mc
Filter.
(3) The TYPE DNT Detectors, which
are heterodyne types, 40 to 4000 :\[c.

TWO NEW MIXERS

FOR THE

DETECTION OF

RF SIGNALS

Kow two new rf mixers fill the gaps
below 40 Mc. They operate by the
heterodyne method, with low-frequency
detector units serving as i-f amplifiers.

The heterodyne detector has a justly
deserved preference over other types.
It is currently the most convenient
means of achieving high sensitivity,
widc tuning range, and a high degree
of harmonic rejection. It also has a great
dynamic range because its amplification
is essentially linear over 85-<1b of input
signal variation. Its disadvantages are
few, but the principal one should be
mentioned. In its simple form, no selec
tivity is provided in the signal input
circuit, and so it can have some spurious
responses from images and harmonics,
which make it unsuitable for wave analy
sis. In general, these are not trouble
some, and the addition of circuits to be
tuned by the user would complicate the
operation.

THE TYPE 1232-Pl RF MIXER

The circuit of the TYPE 1232-Pl RF
Mixer is shown in Figure l. Included arc
a microammeter for setting the level
of the local oscillator and a high-Q
tuned transformer to exclude the 10cal
oscillator signal from the Tuned Ampli
fier and Null Detector.

Circuit elements are enclosed in an
aluminum cylinder to which is appended)
in a separate compartment, the meter
housing. In addition, double-braid co-

axial cable is used on all signal leads.
As a result, the mixer is completely

Figure 1. Schematic diagram of the mixer circuit.

7
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Figure 2. Block diagram of complete detector system
using the Type 1232-Pl RF Mixer.

shielded from rf fields, thus preventing
spurious null-balance indications.

In order to cover the range from 70 kc
to 10 Me, two i-f amplifier center
frequencies are required. One is 20 kc
and is used to cover the range from 70 kc
to 500 kc. Actually, the detector can be
tuned continuously down to 25 kc, but
sensitivity is reduced in this range, and
spurious responses are more trouble
some. Above 500 kc, the 20-kc frequency
increment to which the local oscillator
must be set is difficult to resolve, and the
tuning is too critical. Therefore, above
500 kc, a switch is made to the loo-kc i-f
circuit which is broader in bandwidth.
The upper limit of 10 Mc was chosen
because above this frequency it becomes
difficult to set the 100-kc increment, and,
again, the tuning becomes too sharp, so
that any frequency drift of the sigual

INPUT ,"'="""----e M.Jll DETECTOR
r- TYPE 1232-A

source or the local oscillator becomes
apparent. Also, above about 20 Mc, the
local-oscillator tuning again becomes
critical. Otherwise, however, the mixer
performs perfectly well, at least as high
as 60 Me) and, with care, satisfactory
results can be obtained.

In practice the operation of the system
is quite simple. Figure 2 is a block dia
gram of the complete detector system.
The 20kc-lookc switch on the mixer is
set to the desired frequency, and the
corresponding frequency is switched-in
on the TYPE 1232-A ~ull Detector.
The local-oscillator output is set to
produce the required mixer meter indi
cation and the oscillator is then tuned
to frequency by adjustment for maxi
mum output indication in the TYPE

1232-A Tuned Amplifier and ~ull De
tector when an external signal is intro
duced. For maximum sensitivity in the
frequency range below 150 kc, the crys
tal current must be set to a particular
value, as shown in Figure 3.

PERFORMANCE CHARACTERISTICS

The significant performance charac
teristics of the mixer are given in Fig
ures 4 to 7. The linearity is shown as a
function of input signal level in Fig-

Figure 3. Sensitivity (open
circuit voltoge from SO-ohm
source, equivolent to noise
level) ond local-oscillator
drive VI signal frequency.
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Figure 4. Linearity
of fhe 1232-PL!
1232-A detector
as a function of

input voltage.

16 db at the detector) attenuation values
as high as 120 db can be measured. A
substitution method is employed wherein
the attenuation to be measured is com
pared with a calibrated adjustable at
tenuatar, such as the TYPE 874-GA.
The TYPE 1232-A Tuned Amplifier and
),Tull Detector is used as level indicator,
since it does not have its own calibrated
attenuator. For maximum resolution in
these measurements it is essential that
the detector circuits be operated within
their linear range. Detector linearity for
the 1232-P1/1232-A combination is
shown in Figure 4, and applies for all
diode-current levels above 200 pa. Fig
ure 9 is a block diagram of the measur
ing setup.

Attenuation of 10 db or less can be
measured with an accuracy of ±.... of
the db increment being measured by use
of the db scale on the meter of the null
detector. In this measurementJ linearity
at both the lowest and highest usable
input-signal extremes, for the detector,
are important. The usable input-signal

Figure 6. Relative con
version loss vs local

oscillotor drive.
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Figure 5. Sensitivity vs
local-oscillator drive for
l00-kc intermediole

frequency.

APPLICATIONS

ure 4; it can be seen that above about
50-mv input an increase in input volt
age produces a smaller-than-proportion
ate increase in output indication. The
sensitivity, defined as the input signal
voltage required to increase the output
indication 3 db above the noise level, is
shown in Figure 3. Other data of interest
are given in Figure 5, which shows the
sensitivity as a function of local-oscilla
tor drive level, and in Figure 6) which
shows the relative conversion loss also
as a function of local-oscillator drive
level. The degradation of sensitivity
below the normal tuning range is shown
in Figure 7. The mixer is still usable in
this range, but local-oscillator feed
through produces a larger output indi
cation.

Null Detector

The combination of the TYPE 1232-P1
Mixer, the TYPE 1232-A Xull Detector,
and a local oscillator is an excellent
bridge null detector for the frequency
range from 70 kc to 10 Me. Figure 8 is
a block diagram of a complete bridge
system using this detector, and a typical
setup with the TYPE 916-AL Radio
Frequency Bridge is shown on the front
cover.

Attenuation Measurements, etc.

This detector system is particularly
well suited for the measurement of at
tenuation, especially high values of at
tenuation. For example, with a lOO-mw
source and reasonable padding (10 ta

9
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Figure 7. Typical sensitivity al frequencies below
normal range.

range can be determined from Figure 4.
The deviation from linearity at low
levels arises from the relative contribu
tion of the amplifier noise in the output
indication, when the signal-to-noise
ratio is small.

Specific attenuation measurements to
which this procedure is applicable are:

AttenuataI' or net"mrk insertion loss
Filter stop-band response
Coaxial cable loss'
Coaxial switch cross-talk
Coaxial cable or connector leakage2

I I
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Coaxial Switch Crosstalk or Multipart

Component Measurements

The same basic procedure can be used
in the measurement of crosstalk between
connections in multiport components,
such as coaxial switches, semiconductor
switches, and duplexers or multiplexers.

The component to be measured is,
for example, driven at its input and the
"through" channel (the output connec
tion to which the input is intended to
produce an output signal) is terminated
in a matched termination, or other de
sired impedance, depending on the im
pedance with which the device is nor
mally terminated. The other unused
ports are similarly terminated. The de
tector is connected to the port in which
crosstalk is to be measured, and the
attenuation with this connection is
measured by the substitution method.
In the substitution method, a known
amount of attenuation is inserted to
produce the same output indication that
was produced with the component
installed.

lVIost systems operate at a nominal
impedance of 50 ohms. The mixer input
impedance is about 200 ohms. It can be
made very nearly 50 ohms by the addi:
tion of an 874-GlO lO-db attenuator at
its input.

For operation at other than the 50
ohm level, transformers are required.

PATCH CORD

Figure 8. Block
diagram of the
detector system
used as 0 bridge

null detector.

*PAD OPTIONAL-TYPE 874-GIOL RECOMMENDED

10

PATCH CORD

LOCAL OSCILLATOR
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PAD '-'-"-'+-'-''-' PAO
TYPE 874-GIOL TYPE 874-GIOL

NULL OETECT~

TYPE 1232-A
Figure 9. Block diagram of
the 1232~Pl/1232-Adetector
system as set up for the
meosurement of attenuation.

*PAD, TYPE 874-GIOL. OPTIONAL LOCAL OSCILLATOR

Coble Connector or leakage

Measurements

The leakage or shielding effectiveness
of cables or connectors can also be meas
ured by the same procedure as for atten
uation measurements. A special test

fixture is required in this ease. Specific
details of this fixture and the procedure
are described in the reference cited'
I W. R. Thurston, "The :\Teasurernent of Cable Charac
teristics," General nadio Heprint No. E-104.
2J. n. ZOf/.Y & n. F. :\luehlberger, "R-F Leakage Charac
teristics of Popular Coaxial Cables and Connectors,
500 Me to 7.5 Ce," Micro1J:ore J<mrnol. Kovcmber, 1961,
Cencral Radio Heprint Ko. A-93.

SPECIFICATIONS

Frequency Range: 70 ke to 10 Me. (Can be used
up to 60 Me, with care in the selection and
identification of local-oscillator frequencies.)
I.F Output Frequencies: Switch-selected to 20 ke
or 100 kc.
Bandwidth: 0.8 ke in 2()...ke position, 10 ke in
lQ()...ke position with a 2()...kilohm output load
(TYPE 1232-Pl RF Mixer alone).

Sensitivity: See Figure 3.
Input Impedance: Approximately 200 ohms.
Output Impedance: Approximately 20,000 ohms.
Dimensions: Diameter 2~, length 6% inches
(58 by 175 mm).
Net Weight: I pound (0.5 kg).
Shipping Weight: 2 pounds (l kg).

Type

1232-Pl RF Mixer.

Code Number

1232-9601

Price

$105.00

TYPE 1212-P3 RF MIXER

local-<lscillator signal feeds through di
rectly into the Unit :\ull Detector, pro
ducing a meter indication in spite of the
filter networks provided in the mixer
unit. The highest frequency of operation,

The 1212-P3 RF l\lixer is essentially w,,",

of the same construction as the 1232-P I,
differing principally in the choice of i-f
center frequency, 1 :-fc. The circuit is
shown in Figure 10. With the 1212-A
Unit 1\ull Detector, the lowest frequency
of operation is 3 .Me. Below this. the Figure 10. Schemotic of the Type 1212-P3 RF Mixer.

11
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The TYPE 12J2-P3 Mixer can also be
used with a standard broadcast receiver

again limited by local-oscillator tuning
resolution, tuning difficulty, etc., is
60 Me. Aside from these considerations,
the mixer performs perfectly well up to
at least 150 Me.

Null Detector

The response of the Unit Null De
tector is approximately logarithmic,
rather than linear. For this reaSOll, it
does not have a gain control. The sys
tem, is, therefore, usable only as a null
detector, and, in this application, it is a
sensitive, easy-to-use instrument. The
principal characteristics of interest are
the variation of sensitivity with diode
current (Figure 11) and sensitivity over
the frequency range (Figure 12).

Figure 13 is a block diagram of the
detector shown as part of a complete
rf bridge system. The local oscillator is
always set higher than the generator
frequency when the operating frequency
is below 10 l\1c, in order to minimize the
local-oscillator voltage that gets through
to the mixer output.

Use with a Broadcast Receiver

Figure 12. Sensitivity vs frequency.
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in place of the Unit :\full Detector. Here,
the generator can be modulated in order
to obtain an aural null indication. The
sensitivity characteristics shown in Fig
ure l3 apply to this application also
with one exception: the 9-jlv sensitivity
value extends to a lower frequency limit,
approximately 1.5 Me. Therefore, with a
broadcast receiver set at 1 lVIc, a tunable
detector from 0.54 Me to 60 Me is ob
tained (if we include the 0.54 to 1.5 Me
range of the receiver itself). There are,
however, several precautions to be taken,
such as the elimination of broadcast
station interference. These are described
in detail in the mixer instruction book
and incl ude shielding of the broadcast
receiver and care in selection of the gen-

Figure 11. Sensitivity
(open-circuit voltgge
from 50-ohm source,
for 1Cfa meter deflec
tion) VI local-oscil
lator drive for the
1212-P3!1212-A de-

tector system.
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Figure 13. Block
diogrom of 1212
P3/1212.A de·
lector system, used
os null detector
with rf impedance

bridge.

* PAD, TYPE 874-GIOL, OPTIONAL

12
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Figure 14. Photo
graph of system
shown in Figure
14. Bridge is the
Type 1606-A RF

Bridge.

erator frequency to avoid tuning to
harmonics of the receiver local oscillator.
A transistor portable makes a good re
ceiver for this application, because its
small size permits it to be easily sur-

rounded by a complete shield.
The combination of the detector and

the TYPE J606-A Radio-Frequency
Bridge is shown in Figure 14.

-J. ZORZY

SPECIFICATIONS

Frequency Range: 3 Mc to 60 Mc. (Can be used
up to ]50 Mc if care is taken in thc selection
and identification of local-oscillator frequency.)
I·F Output Frequency: ] Mc.
Bondwidth: 25 kc with TYPE 12J2-A Unit
Null Detector.
Sensitivity: See Figure 12.
Input Impedance: Approximately 200 ohms.

Output Impedance: Approximately 50 kilohms.
Terminols: TYPE 874 Coaxial Connector at end
of cable.
Dimensions: Diameter 27:i, length 6~ inches
(58 by 175 mm).
Net Weight: 1 pound (0.5 kg).
Shipping Weight: 2 pounds (1 kg).

Type

1212·P3 RF Mixer.

Code Number

1212-9603

Pria

$105.00

ERRATA
TYPE 900 PRECISION COAXIAL ELEMENTS

In the maze of type numbers, toler
ances, and tabulations describing this
equipment in our Kovember issue, a
couple of errors crept in, unnoticed until
too late. Since these relate to important
specifications, we hasten to correct them.

Page 8, flrst paragraph:

Tolerance on characteristic impedance
is ±0.065%.
Page 10 - Precision Rod and Tubing:

Characteristic impedance IS 50 ±
0.0325 ohms (0.065%).

13
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Figure 1. New double~plug patch
cords with straight-through and
right-angle connections. Each type is
available in 1-,2-, or 3-foot lengths.

Figure 2. Recess
in body of new
double plug matms
any two plugs

con be stacked.

Figure 3. New single-plug patch cord, available in red or black
ond in 9-, 18-, or 36-inch length.

Figure 4. Alligator clip slips over single plug to convert plug
lead to clip lead.

A NEW PLUG FOR PATCH CORDS

14

Although known primarily as an in
strument manufacturer, General Radio
has developed many components and
parts that achieved industry-wide popu
larity. Notable among these was the
"banana" plug, introduced in this coun
try by GR in 1924 and manufactured
ever since by us as the TYPE 274 Plug.
The present crop of banana plugs in
cludes single, double, insulated, and
shielded varieties. Two patch cords,
each consisting of TYPE 274 double plugs
molded on both ends of a shielded cable,
have also been available.

A new lineup of 12 TYPE: 274 Patch
Cords offers (1) a new, improved double
plug, (2) a choice of straight-through or
right-angle connection to the plug,
(3) a wider choice of lead lengths, and
(4) new single-plug patch cords.

The new double plug consists of two
banana plugs, one gold-plated and one
nickel-plated, whose soldered ends are
encapsulated first in polystyrene (for
its electrical qualities) and then in cellu-

lose-acetate butyrate (for its high-impact
properties). At the other end of the con
nector body are two banana-plug jacks,
and the configuration of the connector
is such that any double plug can be con
nected to any other, regardless of
whether the plugs have straight-through
or right-angle connections (see Fig
ure 2).

The gold and nickel color coding of
the banana plugs is in accordance with
electrical wiring conventions (the nickel
is the shield, or ground connector). In
addition, the word SHIELD is clearly
marked next to the shield terminal.

Double-plug patch cords are now
available in 1-, 2-, and 3-foot lengths,
with either straight-through or right
angle connections. Leads are made of
low-capacitance, flexible coaxial cable.

The single-banana-plug patch cord is
shown in Figure 3. It is available in
either red or black and in three lengths:
9, 18, and 36 inches. The connector body



is molded cellulose-acetate butyrate and
includes a jack for stacking. The banana
plug's versatility allows quick conver
sion of the patch cord to an alligator
clip lead hy the addition of a TYPE 838-B
Alligator Clip, as shown in Figure 4.

All TYPE 274 Plugs and Jacks have a

DECEMBE', , •• 3 ~

contact resistance in the order of 1 milli

ohm. Plugs seat firmly in jacks so that

the plug springs are not depended on for

mechanical stability.

Patch cords with shielded plugs are

also available, as listed below.

Type

274·LLB
274·llR
274-lMB
274·LMR
274·L58
274·L5R
274·NP
274·NPM
274·NPS
274·NQ
274·NQM
274·NQS
274·NL
274·NLM
274·NL5

Descriptwn

Single. Plug Patch Cord, 36-inch, black.
Single-Plug Patch Cord, 36-inch, red .
Single-Plug Patch Cord, I8-inch, black.
Single-Plug Patch Cord, i8-inch, red.
Single-Plug Patch Cord, 9-inch, black.
Single-Plug Patch Cord, 9-inch, red . .
Double-Plug Patch Cord, 3-foot, side connection
Double-Plug Patch Cord, 2-foot, side connection
Double-Plug Patch Cord, i-foot, side connection
Double-Plug Patch Cord, 3-foot, end connection
Double-Plug Patch Cord, 2-foot, end connection
Double-Plug Patch Cord, i-foot, end connection
Shielded Double.Plug Patch Cord, 3-foot.
Shielded Double-Plug Patch Cord, 2-foot.
Shielded Double-Plug Patch Cord, I-foot.

Part NQ.

0274-9468
0274-9492
0274-9847
0274-9848
0274-9849
0274-9850
0274-9880
0274-9892
0274-9852
0274-9860
0274-9896
0274-9861
0274-9883
0274-9882
0274-9862

Price

$1.25
1.25
1.25
1.25
1.25
1.25
3.50
3.50
3.50
3.50
3.50
3.50
4.50
4.50
4.50

HANDBOOKS TO HELP YOU
The Handbook of Noise Measurement

first appeared in 1953 and met with
wide acclaim from expert and tyro alike.
It brought together in one convenient
booklet a wealth of definitions, data, and
procedures for the measurement of noise
in industry. This handbook has been re
written and revised with each successive
edition, to keep pace with changi.ng
standards and new devices. The new
fifth edition is a complete and authorita
tive treatise, full of useful information
for those who need to measure acoustical
noise - whether product noise, environ
mental noise, or the transient noise of
passing vehicles.

The Ifandbook of Noise Measurement
is priced at one dollar ($1.00), postpaid,
which is substantially less than it costs
us to print and mail it. Size, 6 x 9 inches,
256 pages, an outstanding bargain!

A new handbook has just appeared on
the scene, the Handbook of High-Speed
Photography. This is a compendium of
principles and methods of the photo
graphing of objects moving at high
speeds. The light sources considered are
General Radio stroboscopes, which pro
duce light flashes of one microsecond
or less. Objects moving faster than the
speed of sound can be recorded on film by
these light sources. This 56-page booklet
is full of detailed procedures, useful to
both professional and amateur. Size,
6 x 9 inches, 56 pages. Free' upon request.

The IIandbook of Voltage Control, pub
lished earlier this yeal', is designed to
help you get the most from your Variac®
adjustable autotransformer. Theory, cir
cuits, and applications are covered.
Size, 8Yz x 11 inches, ~O pages. Free
upon request.

15
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CHARLES
C.

CAREY

Charles C. Carey, late President of
this company, came to General Radio in
1927. In 1931 he ,,·as made Assistant to
the Vice-President for PlOduction; in
1934, Production Superintendent; in
1944, Vice-President for Production; in
1950, a Director of the Company; and
in 1956, President.

An alumnus of Boston University
and Northeastern University, he ,vas a
director of the National Shawmut Bank

DONALD
B.

SINCLAIR

General Radio's new President, elected
by the Directcrs on October 18, is
Donald B. Sinclair.

Dr. Sinclair was born in 'Vinnipeg,
Manitoba, in 1910, attended the Univer
sity of Manitoba from 1926 to 1929,
then transferred to the Massachusetts
Institute of Technology, where he re
ceived degrees of SB in 1931, SM in
19:)2, and ScD in 1935. He joined Gen
eral Radio in 1936 and subsequently
became Chief Engineer. In 1955 he was
appointed Vice-President for Engineer
ing and in 1956 was elected a Director.
For the past two years he has held the
post of Executive Vice-President and
Technical Director.

and a trustee of Northeastern Univer
sity.

His talents were many, and his inter
ests ranged over many fields. lVlost
important at employee-owned General
Radio was 1"11'. Carey's constant interest
in all employees, their successes, and
their problems.

Among his many contributions to our
Company were his planning and execu
tion of our several expansion programs
during and since World War II, includ
ing the transfer of all operations from
Cambridge to the present site in Concord
and our current expansion into a new
plant in Bolton, Mass.

On October 17, Charles Carey died at
the age of 58. We who were enriched by
his 36-year career with GIl are saddened
by his death.

During World War II Dr. Sinclair
'vas in charge of the search receiver
work for radar countermeasures at the
Radio Research Laboratory at Harvard
University, and he was a member of
Division Five of the National Defense
Research Committee on Guided Missiles.
For his work on countermeasures and
guided missiles, he reccived the Presi
dent's Certificate of Merit in 1948. From
J954 to 1958 he was a member of the
Technical Ad visory Panel on Electron
ics of the Department of Defense.

Dr. Sinclair is a Fellow of the IEEE,
and was President of the IRE in 1952,
following a term as 'I'reasurer in 1949-50.
He served on the Executive Committee
of the IR.E in 1948-1950 and again in
1952-1953, and was on the Board of
Directors from 1945 to 1954 and in 1958.
He is also a member of Sigma Xi, Eta
Kappa N u, the American Association
for the Advancement of Science, the
American Physical Society, and the In
strument Society of America.


